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BUFFER REFERENCES
Bakker, K.K., D.E. Naugle, and K.F. Higgins. 2002. Incorporating landscape attributes into models for migratory grassland bird conservation. Conservation Biology 16:1638-1646.
We evaluated the influence of local and landscape attributes on the occurrence and density of seven passerine species in grasslands (n = 380) throughout eastern South Dakota ( U.S.A.). Landscape composition and land cover were quantified at three spatial scales: 400-, 800-, and 1600-m radii from the transect center. Separate habitat models were generated for mixed-grass and tallgrass prairie regions to depict the way birds respond to geographic variation in local and landscape structure. Sedge Wrens (Cistothorus platensis) and Clay-colored Sparrows (Spizella pallida) in the mixed-grass and tallgrass regions used both large and small patches if they were embedded in a landscape with a high proportion of grassland habitat. Occupancy rates for these species were higher in small patches within landscapes with high grassland abundance than in large patches within low grassland landscapes. Grasshopper Sparrows (Ammodramus savannarum) and Dickcissels (Spiza americana) in the mixed-grass region and Savannah Sparrows (Passerculus sandwichensis) in the tallgrass region were area-sensitive species that used large grassland patches regardless of landscape configuration. The occurrence of Savannah Sparrows in both regions and Sedge Wrens, Grasshopper Sparrows, and Western Meadowlarks (Sturnella neglecta) in the mixed-grass region was negatively associated with an increase in patch edges with trees. Explained variation in density estimates was associated only with local patch and vegetation variables. Individual species demonstrated scale-dependent differences in the way they perceived habitat and in their response to regional landscape structure. These findings provide evidence that results from one region may not be extrapolated to others because they may vary with species distribution, vegetation structure, and landscape composition. Assessments of regional grassland bird habitat must be conducted at multiple scales because some species respond only to local conditions within grasslands, whereas others respond to habitat structure at landscape scales.
Barbour, P. J. 2006. Ecological and economic effects of field borders in row crop agriculture production systems in Mississippi. Ph.D. dissertation. Mississippi State University. Mississippi State, USA. 

Conservation buffers provide wildlife habitat, erosion control, and water quality enhancement. However, producer perceptions of buffer communities as sources of weeds, pest insects, and lost production may inhibit adoption. To address these concerns, I examined effects of field borders on opportunity costs, yield, and weed density on 3 farms in the Black Prairie region of Mississippi from 2000-2002.

Native herbaceous field borders are a buffer practice subsidized under a new Continuous Conservation Reserve Program practice, CP33-Habitat Buffers for Upland Birds. To characterize opportunity costs of CP33, I estimated average yields for corn and soybeans in relation to proximity to field margin and adjacent plant community (APC) types crop, herb, and wood relative to interior yields from 104 corn and 56 soybean fields during 2000-2003. Partial budgets were used to develop break-even analyses on profitability with and without CP33. Corn analyses showed an economic advantage at first combine swath (9.14 m wide) for all APC types, at swath 2 for herb and wood and for the whole field. Soybean analyses showed that for any APC and swath combination, enrolling in CP33 was not economically advantageous.


To evaluate effects of borders on yield I estimated yield in combine swaths 2-11 (14.64-80.52 m) on 2 farms. Average yields did not change beyond 80.52 m from field edge. Border effects occurred at swaths 2-4 (14.64-29.28 m). Overall, border yields were less than no border yields; however, if borders were established as CP33, profit lost through yield reductions would be offset by incentive payments. 


Floristic and structural characteristics of field borders and APC were determined through measurements taken from 756 quadrats from 2000-2002 on 3 farms in Clay and Lowndes counties. APC species richness was twice that of the border. APC had 187 taxa and border communities had 102 taxa.

Density data were analyzed for 10 weed species. Significant row effects occurred within treatments (border and no border) for Brachiaria platyphylla, Cynodon dactylon, Digitaria ciliaris, Ipomoea hederacea, Ipomoea lacunosa, Senna obtusifolia, Sida spinosa, Solanum carolinense, Sorghum halepense. Overall, weed density was greatest at row 1 and no significant effects occurred past row 2.
Barbour, P. J., Martin, S. W., and Burger, W. 2007. Estimating economic impact of conservation field borders on farm revenue. Online. Crop Management doi:10.1094/CM-2007-0614-01-RS.

Potential opportunity costs of conservation buffer practices were examined to determine the effects of proximity to field edge and adjacent plant community (APC) type (crop, herbaceous, and wooded) on crop yields, relative to field interiors for corn (Zea mays) and soybean (Glycine max) systems on 150 fields in Mississippi. Yield data were obtained from combines equipped with a yield monitor and Global Position System (GPS) for years 1999-2003 for three counties in central Mississippi. A partial budget format was used to develop net change in profit analyses on corn and soybean crops with and without conservation practice CP-33: Habitat Buffers for Upland Birds. Yield reductions averaged across three APC types at swath 1 (defined as one 7.32-m-wide combine header pass) were -2,963 kg/ha and -230 kg/ha compared to mean interior yields of 9,828 kg/ha and 2,498 kg/ha for corn and soybeans, respectively. Partial budget analyses for corn showed that on average, enrollment of a 7.32-m (36-ft) CP-33 border would increase net returns when next to APC-type crop, herbaceous, and wood.

Barbour, P. J., Martin, S. W., and Burger, W. 2008. Economic Impact of Conservation Field Borders on Farm Operations. Mississippi Agricultural and Forestry Experiment Station Bulletin 1167. 10 pp.
Potential opportunity costs of conservation buffer practices were examined to determine the effects of proximity to field edge and adjacent plant community (APC) type [crop, herb (herbaceous), and wooded] on crop yields, relative to field interiors for corn (Zea mays) and soybean (Glycine max) systems on 150 fields in Mississippi. Yield data were obtained from combines equipped with yield monitors and global position systems (GPS) from 1999 to 2003 for three counties in central Mississippi. A partial budget format was used to develop net change in profit analyses on corn and soybean crops with and without conservation practice CP33: Habitat Buffers for Upland Birds. Yield reductions averaged across three APC types at swath 1 [defined as one combine header (7.32-meter-wide) pass] were -2,963 and -230 kilograms per hectare compared with mean interior yields of 9,828 and 2,498 kilograms per hectare for corn and soybeans, respectively. Partial budget analyses for corn showed that on average, enrollment of a 7.32-meter (36-foot) CP33 border would increase net returns when next to APC types crop, herb, and wood.

Benson, T.J. 2003. Breeding bird, plant, and arthropod responses to restoration and management of riparian conversation easements in the Iowa River Corridor, east central Iowa. Thesis, Iowa State University, Ames, USA.

Benson, T.J., J.J. Dinsmore, and W.L. Hohman. 2007. Short-term responses of plants and arthropods to burning and disking of riparian habitats in east-central Iowa. Journal of Wildlife Management 71:1949–1957.
Alteration of Iowa, USA, landscapes for agricultural production has resulted in a loss of .99% of the original prairie and .95% of native wetlands. This conversion has included riparian areas, which, as interfaces between terrestrial and aquatic ecosystems, are important to many wildlife species. Farm Bill programs have resulted in the reestablishment of millions of hectares of grasslands and wetlands nationwide, including .100,000 ha in riparian areas of the Midwest. We assessed plant and arthropod responses to burning and disking of riparian grasslands in east-central Iowa in 2001 and 2002. Burning altered the plant community by removing litter and standing dead vegetation and had negative effects on several arthropod taxa, including Hemiptera and Lepidoptera. However, we observed no differences in vegetation or arthropods between burned and unburned fields during the second year postburning (P . 0.05). Disking decreased the cover of grasses, litter, and standing dead vegetation and increased plant species richness and the cover of forbs and bare ground (P , 0.05). Arthropod abundance and dry biomass were greater on disked than undisked portions of fields (P , 0.05). Increases in the abundance and biomass of arthropods associated with changes in vegetation structure and composition likely improved habitat quality for a number of breeding bird species. Both burning and disking appear to be effective management options for maintaining or enhancing riparian grasslands for wildlife.

Benson, T.J. 2009. Effects of burning and disking of Iowa floodplain easements on plants, insects and birds. NRCS Technical Note. Proposed directive July/August, 2008.

Bentrup, G. 2008. Conservation buffers: design guidelines for buffers, corridors, and greenways. Gen. Tech. Rep. SRS-109. Asheville, NC: Department of Agriculture, Forest Service, Southern Research Station. 110 p.

Over 80 illustrated design guidelines for conservation buffers are synthesized and developed from a review of over 1,400 research publications. Each guideline describes a specific way that a vegetative buffer can be applied to protect soil, improve air and water quality, enhance fish and wildlife habitat, produce economic products, provide recreation opportunities, or beautify the landscape. These science-based guidelines are presented as easy-to-understand rules-of-thumb for facilitating the planning and designing of conservation buffers in rural and urban landscapes. The online version of the guide includes the reference publication list as well as other buffer design resources www.bufferguidelines.net.
Best, L.B. 2000. Continuous Enrollment Conservation Reserve Program: the value of buffer habitats for birds in agricultural landscapes. Pages 75-94 in W. L. Hohman and D. J. Halloum, editors. A comprehensive review of Farm Bill contributions to wildlife conservation, 1985-2000. U.S. Department of Agriculture, Natural Resources Conservation Service, Wildlife Habitat Management Institute, Technical Report, USDA/NRCS/WHMI-2000.

Conservation buffers, implemented through the Continuous Enrollment Conservation Reserve Program, are very actively promoted by the USDA under the Buffers Initiative. The best indication of how wildlife populations may be influenced by this program is provided by studies of bird communities in various strip-cover habitats. Bird abundances and nest densities are higher in strip-cover than in block-cover habitats, although nest success in the former is often very low. Birds’ use of habitats depends upon vegetation structure (height and density) and species composition (herbaceous vs. woody, grass vs. forb, native vs. introduced). Some bird species are limited by the width of strip-cover habitats, thus there is a positive relationship between bird species richness and strip-cover width. Contributing to this may be the aversion that some bird species have for habitat edges. Vegetation management practices (e.g., mowing and grazing) influence bird communities both directly and indirectly. The amount of grassland surrounding herbaceous strips influences the occurrence and nesting success of birds in the strip cover. Rates of nest predation and brood parasitism by brown-headed cowbirds increase near wooded edges. Because some strip-cover habitats may function as ecological traps, there is an urgent need to identify and evaluate bird source and sink subpopulations in agricultural landscapes. Land-use decisions may vary depending upon wildlife management objectives, thus planning and evaluation of buffers will require a clear statement of conservation goals.
Best, L.B., H. Campa III, K.E. Kemp, R.J. Robel, M.R. Ryan, J.A. Savidge, H.P. Weeks, and S.R. Winterstein. 1997. Bird abundance and nesting in CRP fields and cropland in the Midwest: A regional approach. Wildlife Society Bulletin 25:864-877.

Comparison of abundance and nesting success of avian species in CRP and rowcrop fields over 5 years (91-95) in 6 Midwest states (IN, KS, MO, MI, NE, IA). Bird abundance 1.4 to 10.5 times great in CRP than rowcrop. Nests of 33 bird species found in CRP with only 10 species in rowcrops, number of nests found 13.5 times greater in CRP. Nest success was 40% in CRP. Nest success in rowcrops similar to that of in CRP but total number of nest found in rowcrop was 7.4% of that in CRP. Predation was greatest cause of nest failure. Long-term farm set-aside programs that establish perennial grass cover provide many benefits for grassland birds including several species for which conservation is a great concern. Recommend further investigation of species specific habitat requirements in relation to planting, management and spatial configuration of CRP.

Best, L. B. H. Campa III K. E. Kemp R. J. Robel M. R. Ryan J. A. Savidge H. P. Weeks Jr. S. R. Winterstein. 1998. Avian abundance in CRP and crop fields during winter months in the Midwest. American Midland Naturalist. 139:311-324.

Avian abundance and nesting success compared in Conservation Reserve Program (CP1 and CP2) and rowcrop fields in 6 Midwestern states (Indiana, Iowa, Kansas, Michigan, Missouri, and Nebraska), 1991-1995. Number of species similar in 2 habitats but abundance was 1.4-10.5 times greater in CRP fields. Additionally, number of nesting species was >3 times greater and nest density was 13.5 times greater in CRP fields. Authors concluded that CRP provided many benefits for grassland birds, including several species of special concern.

Best, L.B., K.E. Freemark, J.J. Dinsmore, and M. Camp. 1993. A review and synthesis of habitat use by breeding birds in agricultural landscapes in Iowa. American Midland Naturalist 134:1-29.

Data collected during breeding season (May-July). Total numbers of birds highest in floodplain forest and upland forest and lowest in small grains and herbaceous fencerows. Species abundances lowest in agricultural habitats (tilled row crops and small grains and highest in narrow strip-cover habitats (railroad rights-of-way, wooded fencerows and shelterbelts). Abundance patterns in natural habitats (forest marsh and prairie intermediate between ag and strip cover habitats. Bird species more abundant in strip cover habitats , at least 30% of bird species that use these habitats are common to very abundant. These habitats provide nest sites which are usually much higher density of nests. Abundance and diversity of arthropods greater in uncropped strip cover habitats with perennial vegetation than in cultivated cropland. Foraging concentrated in and near such areas. 


Low abundance of bird in agricultural habitat: repeated human disturbance of tillage, planting cultivation pesticide and fertilizer application and mowing. Destroy nest and adversely alter habitat. Disruption of site fidelity behavior in birds. Croplands characteristically have low species diversity and generally relatively simple physical structure. Acute or toxic exposure to toxic compounds or reduction in food sources also influence use of croplands. 

Best, L.B., R.C. Whitmore, and G.M. Booth. 1990. Use of cornfields by birds during the breeding season: the importance of edge habitat. American Midland Naturalist 123:84-99.

Elimination of woody vegetation from fencerows and other habitat adjacent to crop fields will affect assemblage of bird species found within fields. The amount of linear edge relative to field area has a major effect on field use by birds, larger fields are use proportion¬ately less. The proportion of linear field edge decreases as field size increases has important implications on bird use of cropland because of trend in last decades to consolidate fields and increase size of cropping units. Bird abundance greater in wooded edges than in herbaceous edges. More bird species and about five times more birds used the perimeters of cornfields than the centers, demonstrating a significant edge effect. Continued land use practices that increase crop field size and eliminate woody vegetation from edge habitats will affect both richness and abundance of avifa¬una affiliated with agricultural ecosystems. 

Blanco-Canqui, H., C. J. Gantzer, S. H. Anderson, and E. E. Alberts. Grass Barriers for Reduced Concentrated Flow Induced Soil and Nutrient Loss. 
Vegetative filter strips (FS) perform poorly for reducing losses of sediment and nutrients in concentrated flow. Stiff-stemmed grass barriers (B-FS) above the FS may be a companion treatment to improve the FS performance. This study evaluated the effectiveness of warm-season switchgrass (Panicum virgatum L.) barriers planted above fescue (Festuca arundinacea Schreb.) FS in reducing runoff water, sediment, N, and P losses in concentrated flow from an Aeric Vertic Epiaqualf on a 5% slope. Simulated rainfall was applied on plots consisting of a 1.5-m-wide by 8-m-long pollutant source area with an artificially constructed channel to concentrate surface runoff. The source area was bounded downslope by either an 8-m long fescue FS or 0.7 m of active or dormant barrier above a 7.3-m-long fescue FS. The B-FS treatment also reduced sediment loss by 91% while the FS reduced sediment by only 72% (P < 0.01). The B-FS also reduced sediment loss by 90%, whereas FS reduced sediment only 60% when inflow was added to the plots. The B-FS trapped 4.9 times more organic N, 2.3 times more NH4–N, and 3.7 times more particulate P than FS at 0.7 m (P < 0.01). Sediment and nutrient trapping increased significantly with FS length. Switchgrass barriers above the FS dispersed and temporarily ponded concentrated runoff, enabling increased sediment deposition. Barriers may be a potential conservation strategy for rehabilitation of lands affected with concentrated flow where traditional practices are inadequate. 

 the down-slope ends are the stiff-stemmed switchgrass barriers as well as fescue buffers. Blanco has installed runoff-samplers above and below each barrier, from which he samples runoff at 10-minute intervals under the simulator. The samples are analyzed and compared later to determine the effectiveness of each barrier in trapping sediment and nutrients.

The researchers found that fescue filter strips alone “were not as effective, even under sheet flow,” Blanco said. Under both sheet and concentrated flow, the stiff-grass barriers trapped sediment, nitrogen, ammonium and particulate phosphorus more efficiently than filter strips.

“From what we’ve seen so far, they can do a pretty good job of cleaning up water while using a lot less land,” Gantzer said. “Grass filter strips, in our area, are traditionally fescue. Fescue is a fine vegetation with flexible stems, and it lays right over when there’s a large amount of runoff flow.”

More recently, they tested switchgrass strips in early spring, when the plants were dormant. “The dormant grass barriers were still upright, still more effective, than the actively growing fescue,” Blanco said. And while dormancy dramatically reduced the ability of the fescue strips to capture sediment, “that was not the case with the switchgrass. There was no significant decrease in the percentage of sediment reduction.
Blank, P. J. (2013), Northern bobwhite response to Conservation Reserve Program habitat and landscape attributes. The Journal of Wildlife Management, 77: 68–74. doi: 10.1002/jwmg.457

The northern bobwhite (Colinus virginianus; hereafter bobwhite) has experienced substantial population declines in recent decades in the United States, and especially in Maryland and Delaware. The United States Department of Agriculture's Conservation Reserve Program (CRP) could provide additional habitat for bobwhites, leading to an increase in bobwhite abundance. I investigated if bobwhite abundance was related to the percent cover of CRP land and landscape attributes in local landscapes on Maryland's Eastern Shore and Delaware. Observers conducted bobwhite point transect surveys at 113 locations during the breeding seasons of 2006–2007, and I calculated landscape metrics for 500-m radius landscapes centered on each point transect location. Most CRP land in the study landscapes was planted to herbaceous vegetation. Bobwhite abundance was strongly positively associated with percent cover of CRP land in the landscape but was not strongly related to percent cover of agriculture or forest or to landscape patch density. These results suggest that the CRP has created additional habitat for bobwhites in Maryland and Delaware and that landscapes with greater proportions of herbaceous CRP practices support more bobwhites.
Blank P.J. and G. Dively. 2007. Bird use of herbaceous riparian buffers around crop fields in the mid-Atlantic. Unpublished Progress Report to the Natural Resoures Conservation Service. (available from author pb@wam.umd.edu). University of Maryland, College Park, USA.

Blank P.J. and G. Dively. 2009. Bird use of herbaceous riparian buffers around crop fields in the mid-Atlantic. Unpublished Progress Report to the Natural Resoures Conservation Service, Agricultural Wildlife Conservation Center. (available from author pb@wam.umd.edu). University of Maryland, College Park, USA.

Filter strips are strips of herbaceous vegetation (i.e. herbaceous buffers) that are generally planted between rowcrop fields and streams or forested wetlands. Over 16,000 ha of filter strips have been enrolled in Maryland through the U.S. Department of Agriculture’s Conservation Reserve Program (CRP), and over 400,000 ha nationwide. Filter strips often represent the only uncultivated herbaceous areas on farmland and therefore may be important to the survival of bird species that use early-successional habitats.


In 2004 we initiated a study on the bird use of filter strips (USDA practice CP21) enrolled in the Conservation Reserve Enhancement Program (CREP) in Maryland in summer (May–July) and winter (January–March). We sampled filter strips planted to cool-season and warm-season grasses and to widths between 11 and 91 m. Birds were surveyed in three summers (2004 – 2006) and three winters (2005 – 2007). Vegetation surveys and nest searching and monitoring were also conducted in selected filter strips. Data from 67 filter strips in summer and 40 filter strips in winter are included in this report. To establish the relative value of filter strips for birds, we compared the bird communities in filter strips to those in non-buffered crop field edges (30 in summer and 16 in winter).


A total of 65 bird species were recorded using filter strips in Maryland (56 species in summer and 22 species in winter). These included 13 grassland species and 20 scrub-shrub species. The most abundant species in filter strips in summer were red-winged blackbirds (Agelaius phoeniceus), indigo buntings (Passerina cyanea), and common yellowthroats (Geothlypis trichas), and the most abundant species in winter were song sparrows (Melospiza melodia), white-throated sparrows (Zonotrichia albicollis), and dark-eyed juncos (Junco hyemalis). Five bird community metrics were commonly used to assess the value of filter strips for birds and the bird community response to filter strip characteristics. These metrics were total bird density, species richness, scrub-shrub bird density, grassland bird density, and total avian conservation value (TACV). 


Every bird community metric was significantly higher in filter strips than in non-buffered field edges, indicating that the installation of filter strips has improved habitat for birds in agricultural fields. We found no differences among bird community metrics between cool-season and warm-season grass filter strips in either season. The percent cover of orchardgrass (Dactylis glomerata; a cool-season grass) was negatively related to most bird metrics, indicating that most birds avoid cool-season grass filter strips dominated by orchardgrass. In at least one year we found that species richness, total bird density, scrub-shrub bird density, and TACV were positively associated with the percent cover of forbs and plant species richness, and negatively associated with vertical vegetation density, litter depth, maximum height of live vegetation, and percent cover of warm-season grasses.


All of the filter strips in this study were located between crops and wooded edges. There was a strong edge effect detected at the filter strip–wooded edge ecotone in summer, and a slight edge effect detected in winter. This resulted in higher bird densities in narrow filter strips (<30 m) compared to medium width (30–60 m) and wide filter strips (>60 m), because most birds were near the wooded edge regardless of the width of the filter strip. This suggests that narrow filter strips adjacent to wooded edges do provide additional habitat for many bird species. In contrast, the density of grasshopper sparrows (Ammodramus savannarum) and savannah sparrows (Passerculus sandwichensis), the only obligate grassland species commonly observed in filter strips, were significantly higher in wide filter strips compared to narrower filter strips. Most grasshopper sparrows and savannah sparrows were observed >70 m away from the wooded edge, confirming that obligate grassland birds tend to avoid wooded edges. 


Ninety-five nests of nine species were found in filter strips from 2005–2006. Total nest density and scrub-shrub bird nest density did not significantly differ among grass types or filter strip width classes. Grassland bird nest density was significantly higher in wide, warm-season grass filter strips than in narrow and medium warm-season grass filter strips, and in all widths of cool-season grass filter strips. Most nests were located in relatively tall and sturdy forbs and shrubs such as goldenrods (Solidago sp.) and blackberry (Rubus sp.). 


Under the rules of Maryland’s CREP, filter strips may not be mowed during the primary nesting season between April 15 and August 15. Most mowing of CREP filter strips in Maryland occurs just after August 15, leaving the grass short until the following spring. We hypothesized that late summer or fall mowing reduces habitat that would otherwise be used by wintering birds. To test this hypothesis, we conducted an experiment in 2006–2007 to evaluate the response of wintering birds to late summer or fall mowing of filter strips. In 13 filter strips a section was mowed in late summer or fall to approx. 10-15 cm in height, and a section was kept unmowed. We found very few wintering birds in mowed filter strips and found that most bird community metrics were significantly higher in unmowed filter strips. 

Management Implications

· The installation of filter strips will most likely increase bird species richness, bird densities, and the TACV of crop field edges. We recommend that state and federal conservation agencies continue to encourage land owners to install filter strips in order to provide better bird habitat. 

· Our research suggests that bird habitat in filter strips would be improved by planting shorter, less dense grasses, and encouraging plant species diversity and high numbers of forbs. The planting and/or maintenance of relatively tall and sturdy native forbs and shrubs are likely to facilitate bird nesting. 

· Most bird community metrics were negatively associated with the percent cover of orchardgrass in at least one year. Orchardgrass is the most commonly planted species in cool-season grass filter strips in Maryland. It is considered very competitive and can often dominate other grasses and forbs. If bird conservation is a priority, we recommend against planting orchardgrass in filter strips or periodically decreasing the percent cover of orchardgrass through management practices.

· Increasing filter strip length instead of filter strip width >30 m is likely the most effective way to create additional habitat for the greatest number of bird species. However, wide filter strips >60 m along wooded edges will provide better habitat for grassland birds, particularly obligate grassland species.

· Mowing of filter strips in the late summer or fall drastically reduced wintering bird habitat along agricultural field edges. We recommend that mowing of filter strips be done in late winter or early spring to provide additional habitat for wintering birds. If this is not possible, leaving at least a portion of each filter strip standing in the fall and winter would provide better habitat for wintering birds than completely mowing filter strips.

Blank P.J. and D.E. Gill. 2006. Bird use of filter strip buffers on the eastern shore of Maryland. Report to the Maryland Department of Natural Resources. University of Maryland, College Park, USA. 

With the assistance of federal and state conservation programs, landowners have established over 57,000 acres of conservation buffers on the edges of working agricultural lands in Maryland. Most of these buffers are enrolled in Maryland’s Conservation Reserve Enhancement Program (CREP), an initiative designed to build on the success of the Conservation Reserve Program (CRP) and to allow the United States Department of Agriculture (USDA) to work in partnership with the state of Maryland. Two types of conservation buffers comprise over 99% of all those in Maryland: Herbaceous filter strips (USDA Cover Type CP21) and riparian forest buffers (USDA Cover Type CP22). In 2004 we began a study to assess the bird use of warm season grass filter strips, cool season grass filter strips, and riparian forest buffers bordering rowcrop fields in Maryland. Birds were surveyed in summer 2004, winter 2005, and summer 2005 in conservation buffers and crop fields without buffers. 

Total bird density and species richness were significantly higher in buffers than in crop fields without buffers in summer, but not in winter. Wide buffers had more total species than narrow buffers, but narrow buffers had more total birds and species per area than wide buffers. Bird density and species richness in summer were not significantly different between cool season grass filter strips and warm season grass filter strips. Density of birds was higher in warm season grass filter strips in winter, probably due to the practice of mowing cool season grass filter strips in the fall. Density of grassland-dependent species was much higher in wide filter strips than in narrow filter strips in both seasons. The number of shrubs and small trees, and vertical vegetation density were positively correlated with total bird density, while litter depth was negatively correlated with total bird density. We found evidence of nesting in conservation buffers by 14 species of birds. Eighty-six total nests were found in 2004 and 2005, the majority being red-winged blackbirds (Agelaius phoeniceus), indigo buntings (Passerina cyanea), and common yellowthroats (Geothlypis trichas). Several species of conservation concern were seen in conservation buffers, including northern bobwhite (Colinus virginianus), eastern meadowlark (Sturnella magna), grasshopper sparrow (Ammodramus savannarum), vesper sparrow (Pooecetes gramineus), and savannah sparrow (Passerculus sandwichensis). 


Conservation buffers are used frequently by many species of birds and their installation should be encouraged by state and federal conservation agencies. Our research suggests that generalists, grassland-generalists, and successional/scrub birds are common in Maryland’s conservation buffers, but that most conservation buffers in Maryland are too narrow to support a diverse community of grassland-dependent birds. Greater consideration must be given to how conservation buffers should be designed and managed if conservation of grassland-dependent birds is a priority goal of Maryland’s CREP. 

MANAGEMENT RECOMMENDATIONS 
• State and federal conservation agencies should continue to encourage land owners to install conservation buffers. This study as well as others have confirmed that conservation buffers are far more useful to breeding birds than are rowcrop fields without buffers. We encountered many farms that had no conservation buffers between rowcrop fields and forested wetlands or drainage ditches. These un-buffered fields are of little value to breeding birds. 

• Leave some cover for wintering birds. CREP buffers cannot be mowed between April 15 and August 15, and many farm owners choose to mow entire buffers in the fall. The short grass left over after fall mowing leaves poor cover for wintering birds. We recommend that at least a portion of each buffer be left standing in the fall and winter to provide cover for wintering birds. 

• Manage buffers to encourage plant species diversity and structural diversity, and to discourage monocultures. We found little evidence that a particular grass type (either warm or cool season grasses) is favored by most birds. Instead, most birds respond to vegetation structure. The presence of shrubs and woody plants in buffer habitats increases the vertical structure and heterogeneity of the vegetation, resulting in increased bird species richness and abundance. Overly competitive grasses that reduce plant species diversity and structural diversity, such as switchgrass and orchard grass, should be planted in moderation. 

• Keep litter (i.e. thatch or duff) depth in buffers to a minimum. Litter depth was negatively correlated with both total bird density and grassland bird density. Managing buffers to have lower amounts of litter depth, and preferably some areas of bare ground, will appeal to most bird species. 

• If conservation of grassland-dependent birds is an objective, we encourage land managers to install whole grassland fields rather than grass filter strips. Whole fields should be at least 50 ha, and preferably 200 ha, to support a diverse community of grassland birds. If whole grassland fields are not an option, our data suggest that grass filter strips should be a minimum of 75 m in order to attract breeding grassland-dependent birds. However, we acknowledge that this width may not be wide enough to avoid edge effects and to meet the minimum area requirements of some grassland-dependent species. 

• Greater emphasis should be put on building grass filter strips along rowcrop field borders without wooded edges. Grassland birds avoid wooded edges and have lower nest success along wooded edges due to high rates of predation and brood parasitism. Building filter strips in areas without wooded edges, such as near drainage ditches and roads that are not bordered by trees, would increase the available habitat for grassland birds while reducing deleterious edge effects. 

Blank, P.J., J.R. Parks, G.P. Dively, and D.E. Gill. In preparation. Mowing of CREP grass buffers in late summer or fall reduces wintering bird habitat. 
Over 40,000 acres of grass buffers (i.e. filter strips) have been established in Maryland through the USDA’s Conservation Reserve Enhancement Program (CREP). These buffers are planted to mixtures including warm season grasses or cool season grasses. Under the rules of Maryland’s CREP, grass buffers may not be mowed during the primary nesting season between April 15 and August15. Most mowing of CREP grass buffers in Maryland occurs just after August 15, leaving the grass short until the following spring. In winter 2007, we conducted a study to determine the response of wintering birds to late summer or fall mowing of grass buffers. In 13 grass buffers, we mowed a section of the buffer in late summer or fall to approx. 10 – 15 cm in height, and kept a section of the buffer unmowed. Birds were surveyed three times of the winter using a modified strip transect method. For comparison, birds were also surveyed in crop fields without buffers. Relative bird density was over 13 times higher in unmowed buffers than in mowed buffers. There were hardly any birds recorded in the mowed buffers, and there was no significant difference in bird density between the mowed buffers and crops without buffers. Our study dramatically demonstrates that mowing CREP grass buffers in late summer or fall reduces the presence of birds during the winter. If mowing is necessary, we strongly recommend that buffers be mowed in late winter or early spring, and left unmowed throughout the fall and winter, to provide habitat for wintering birds.

Blank, P.J. and C. Rewa. 2009. Grass filter strips provide good breeding and wintering habitat for birds. in One-Page Summaries. USDA-NRCS Agricultural Wildlife Conservation Center Madison, MS. http://www.whmi.nrcs.usda.gov/technical/Summaries.html. Accessed August 3, 2009. 
Blank, P. J., Dively, G. P., Gill, D. E. and Rewa, C. A. (2011), Bird community response to filter strips in Maryland. The Journal of Wildlife Management, 75: 116–125. 
Filter strips are strips of herbaceous vegetation planted along agricultural field margins adjacent to streams or wetlands and are designed to intercept sediment, nutrients, and agrichemicals. Roughly 16,000 ha of filter strips have been established in Maryland through the United States Department of Agriculture's Conservation Reserve Enhancement Program. Filter strips often represent the only uncultivated herbaceous areas on farmland in Maryland and therefore may be important habitat for early-successional bird species. Most filter strips in Maryland are planted to either native warm-season grasses or cool-season grasses and range in width from 10.7 m to 91.4 m. From 2004 to 2007 we studied the breeding and wintering bird communities in filter strips adjacent to wooded edges and non-buffered field edges and the effect that grass type and width of filter strips had on bird community composition. We used 5 bird community metrics (total bird density, species richness, scrub-shrub bird density, grassland bird density, and total avian conservation value), species-specific densities, nest densities, and nest survival estimates to assess the habitat value of filter strips for birds. Breeding and wintering bird community metrics were greater in filter strips than in non-buffered field edges but did not differ between cool-season and warm-season grass filter strips. Most breeding bird community metrics were negatively related to the percent cover of orchardgrass (Dactylis glomerata) in ≥1 yr. Breeding bird density was greater in narrow (<30 m) compared to wide (>60 m) filter strips. Our results suggest that narrow filter strips adjacent to wooded edges can provide habitat for many bird species but that wide filter strips provide better habitat for grassland birds, particularly obligate grassland species. If bird conservation is an objective, avoid planting orchardgrass in filter strips and reduce or eliminate orchardgrass from filter strips through management practices.
Boatman, N.D. and N.W. Sotherton. 1988. The agronomic consequences and costs of managing field margins for game and wildlife conservation. Aspects of Applied Biology 17:47-56.

Removal of weeds, either through herbicides or mowing decreases insect density and diversity associated with cereal crops. Increased use of herbicide in recent decades has removed host plants of many insects and more recently the use of insecticides has caused direct mortality of other species of insects. Consequently there has been a reduction in the numbers and diversity of insect species which are the primary forage of early age class chicks of uplands species. 
Bond, B.T., L.W. Burger, B.D. Leopold, and K.D. Godwin. 2002. Habitat use of cottontail rabbits across multiple spatial scales in Mississippi. Journal of Wildlife Management 66:1171–1178.

Relative importance of different land-cover types is often inferred from studies of habitat selection in the context of availability. From 1 February 1997 to 31 January 1999, we examined seasonal (breeding and nonbreeding) habitat selection of cottontail rabbits (Sylvilagus flridanus) in an agricultural landscape in east-central Missis-sippi at multiple spatial scales (second-, third-, and fourth-order habitat selection; Johnson 1980). We characterized available land-cover types as woody, rowcrop, or grass. The composition of seasonal rabbit home ranges (95% Adaptive Kernel [HR]) and core areas (50% Adaptive Kernel [CA]; second-order selection) exhibited selection for grass patches, followed by woody and rowcrop patches. However, genders differed across diel periods for the com-position of HR. Males selected woody patches during diurnal hours, and females selected grassy patches, whereas they both selected grassy patches during the nocturnal hours. Within HR, allocation of time among habitats (third-order selection) differed between seasons and genders. Males selected grass patches followed by woody and row-crop during the breeding season, and females used them in proportion to availability, whereas they both used them in proportion during the nonbreeding season. Genders used HR land-cover types in proportion to availability for both diel periods. Two predictive models of fourth-order selection poorly discriminated (56.9% and 60.7%) between used and random locations. Cottontails exhibited habitat selection at the HR (second-order) and males at the patch scale (third-order); however, cottontails randomly used within a patch (fourth-order). Our results sup-port the characterization of cottontails as vegetative community generalists at the patch scale (fourth-order); how-ever, cottontails select among land-cover types at larger spatial scales (second- and third-order).
Bond, B.T., B.D. Leopold, L.W. Burger, and K.D. Godwin. 2001. Movements and home range dynamics of cottontail rabbits in Mississippi. Journal of Wildlife Management 65:1004–1013.

Knowledge of movement rates with respect to habitat conditions is necessary to understand foraging strategies, breeding opportunities, and probability of predation. The cottontail (Sylvilagus floridanus) is an important small game animal, yet no previous study has simultaneously examined movement rates and home range dynamics with respect to gender, breeding season, diel period, and habitat use. We estimated home range (HR) and core use areas (CA) during the breeding seasons and diel periods for 94 cottontails. We determined breeding season, diel period, and habitat-specific movement rates for 103 cottontails in east-central Mississippi from 1 February 1997 to 31 January 1999. Overall movement rates (m/hr) did not differ between years (1997: x = 28.81 m/hr, SE = 1.67; 1998: x = 26.26 m/hr, SE = 2.34) or genders (male: x = 28.81 m/hr, SE = 2.24; female: x = 23.06 m/hr, SE = 1.49). However, diel per period interacted with season to influence movements (diurnal breeding: x = 8.99 m/hr, SE = 0.83; diurnal nonbreeding: x = 3.23 m/hr, SE = 0.35; crepuscular breeding: x = 33.40 m/hr, SE = 2.47; crepuscular nonbreeding: x = 23.45 m/hr, SE = 1.90; nocturnal breeding: ?= 43.12 m/hr, SE = 3.27; nocturnal nonbreeding: x = 29.12 m/hr, SE = 1.71). Movement rates differed among habitat types (>1 habitat patch: i = 41.7 m/hr, SE = 2.3; open fields: x - 35.5 m/hr, SE = 6.1; rowcrops: x = 25.5 m/hr, SE = 3.1; grass fields: X = 19.4 m/hr, SE = 0.9; woody areas: x = 15.7 m/hr, SE = 1.7). These differences were associated with differences in plant species richness (woody areas: x = 11.1 plant species/30 m, SE = 0.7 ; grass fields: x = 9.2 plant species/30 m, SE = 0.3; open areas: x = 8.5 plant species/30 m, SE = 1.1; rowcrops: x - 5.8 plant species/30 m, SE = 1.1) and percentage cover within habitats (0.0-0.9 m in height: rowcrop, woody areas, and grass fields had significantly greater cover than open areas; 0.9-1.8 m in height: rowcrop and woody areas had greater cover than grass fields and open areas). A sig-nificant gender-by-season interaction occurred for HR (95% adaptive kernel) (male breeding: x = 5.98 ha, SE = 0.57; male nonbreeding: I = 2.54 ha, SE = 0.65; female breeding: x = 3.04 ha, SE = 0.33; female nonbreeding: x = 2.11 ha, SE = 0.51) and CA (50%) (male breeding: x = 0.93 ha, SE = 0.10; male nonbreeding: x = 0.32 ha, SE = 0.08; female breeding: x = 0.41 ha, SE = 0.05; female nonbreeding: x = 0.26 ha, SE = 0.05). Home range (diurnal: x = 3.71 ha, SE = 0.47; nocturnal/crepuscular: x = 4.70 ha, SE = 0.43) and CA (diurnal: x = 0.52 ha, SE = 0.07; nocturnal/crepuscular: x = 0.69 ha, SE = 0.06) size differed between diel periods. Habitat specific movement patterns may be a function of forage availability and may influence fitness, particularly predation risk. Selection of habitats or habi-tat conditions that result in reduced movement rates by cottontails should reduce vulnerability to predation.
Brandle, J.R. and D.L. Hintz, editors.  1988. Proceedings of an International Symposium on Windbreak Technology (Lincoln, Nebraska, 23-27 June 1986). Agriculture, Ecosystems and Environment 22/23:1-598. http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234959%231988%23999779999%23439753%23FLP%23&_cdi=4959&_pubType=J&_auth=y&_acct=C000052423&_version=1&_urlVersion=0&_userid=1355690&md5=735c21fc7aafe96a9eceddc017e00a75. Accessed August 6, 2009.
This publication presents a selection of papers resulting from the first International Symposium on Windbreak Technology. The symposium brought together researchers, natural resource managers and specialists from a variety of disciplines to discuss the state of the art of all aspects of windbreak technology. It provided a stimulating environment for researchers and practitioners to exchange information from varied points of view. As a result, the papers presented here represent a variety of styles and technical backgrounds. Discussions were very positive and resulted in numerous recommendations which are summarized at the beginning of each section.


The concept of this symposium originated from discussions at the Great Plains Agricultural Council, Forestry Committee Annual Meeting in 1983. The idea was presented at the 1984 Annual Meeting of the Soil Conservation Society of America in St. Louis, MO, U.S.A., and received strong support. The program was developed by David L. Hintz, Soil Conservation Service, and James R. Brandle, University of Nebraska.

Bren, L. J. 1993. Riparian zone, stream, and floodplain issues: a review. Journal of Hydrology 150:277-299.

In the last two decades, the effects of forest management on streams, riparian zones, and floodplains have become of much interest. In general, there is agreement that such areas should maintained in a state approximating naturalness, although it is recognised that definition of this state is usually difficult or impossible. A diversity of management effects has been recognized and, in some cases qua ntified. For upland catchments, issues particularly relate to direct disturbance of the zone, changes in the flow of woody debris into the stream, or disturbance to the environment by effects generated upstream or downstream. For many areas, a particularly important commercial aspect is the definition of a 'stream', as this can impose many expensive and severe restrictions on management of the land. For large rivers, a common issue is the effect of river management on flooding forests. In each case, the issues are complex, information is difficult to collect, and there are fundamental difficulties in going from anecdotal observation to data. Currently, most information appears to be at a relatively local level, and there is a very inadequate knowledge base to five a more holistic overview, although the concept of 'cumulative effects', with the effects accumulated over both space and time, has much potential value. There are many opportunities for work in this field.

Bren, L. J. 1998. The geometry of a constant buffer-loading design method for humid watersheds. Forest Ecology and Management 110:113-125.

Riparian buffer strips are used in forestry to protect streams from possible adverse effects of forest harvesting or other land uses. For any given stream reach, a buffer loading can be defined as the contributing watershed area per unit area of buffer. The study used a large (66 km²) mountain watershed as a prototype. To allow accurate computation this was divided into facets by forming a flow net to the maximum accuracy of the 1:25,000 contour coverage. With fixed width buffers, the buffer loading was both highly variable and also independent of the Strahler order of the stream. Thus, the rationale of having larger buffers on larger streams does not seem justified. The study considered a buffer-strip design in which each element of stream buffer had exactly the same ration of upslope-to-buffer area, giving a constant buffer loading. Computation of the buffer for each facet used an iterative procedure to achieve a satisfactory shape and position of the buffer boundary within each facet. The method gave a much more substantial protection to (convergent) channel sources and less protection to divergent areas than a fixed width buffer design. The buffers defined also were highly asymmetric and discontinuous. The buffers defined reflected the topography, and were strongly influenced by small facets close to the stream. In cases where flow lines run close to and approximately parallel to the streams, the buffers defined were also non- intuitive. The method is predicated on the subsurface hydrology flow paths being close to those given by surface flow lines and this is not always true. Of importance is the finding that, relative to the mean protection offered, fixed-width buffers tend to underprotect slope convergences at the heads of streams and overprotect divergent areas found along streams of increasing order.
Bryant, F. C., and L. M. Smith. 1987. The role of wildlife as an economic input into a farming or ranching operation. Pages 95-98 in J. E. Mitchell, editor. Impacts of the Conservation Reserve Program in the Great Plains. U.S. Forest Service General Technical Report RM 158. Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colo.

The economic return of wildlife to Texas landowners varies widely, but in some instances exceeds net revenue generated by livestock and cash crops. Authors argue that CRP provides High Plains and Rolling Plains farmers and ranchers an opportunity to enhance wildlife on their land and increase their income. Management recommendations are provided for improving CRP lands for ring-necked pheasants, lesser prairie chicken, waterfowl, and big game. 

Bryan, G. G., and L. B. Best. 1991. Bird abundance and species richness in grassed waterways in Iowa rowcrop fields. American Midland Naturalist 126:90-102.

Grassed waterways planted to smooth brome in cornfields and soybean fields. 48 bird species observed in waterways compared to 14 within croplands. Total bird abundance 3X of fields. No species exclusive to croplands. Current mowing recommendations is to mow after July 15, but 53% of all species observed and all of the breeding species were at peak abundance in the waterways during 4-22 July. Recommend that waterways be mowed in late August or early September. Mowing should not be undertaken after mid-September because mowing would reduce the amount of winter cover and residual vegetation required for early spring nesting. Unmowed waterways important habitat for birds in mid-to-late summer because other grass dominated cover types have already been mowed, concentrating birds in remaining habitat.

Bryan, G. G., and L. B. Best. 1994. Avian nest density and success in grassed waterways in Iowa rowcrop fields. Wildlife Society Bulletin 22:583-592.
Bird nest density and success were documented during 2 breeding seasons in 24 grassed waterways in central Iowa. The waterways were planted predominantly to smooth brome and were in corn and soybean fields. Ten species nested in the waterways; the red-winged blackbird and dickcissel were the most common. We found 171 nests, giving a nest density of 1104 nests/100 ha. The nest success rate was 8.4% for red-winged blackbirds and 22.0% for dickcissels based on the extended Mayfield method. The 2 greatest causes of nest loss were predation and mowing, which accounted for 57 and 16% of all losses, respectively. Nest success in waterways could be increased by delaying mowing until late August or early September. Annual mowing is not necessary to maintain grass vigor after the waterway is established; however, mowing every 3-4 years may be required. Forbs in the form of alfalfa plantings or invading nonnoxious weeds also will increase bird use of grassed waterways.
Buehler, D. M., D. R. Norris, B. J. M. Stutchbury, and N. C. Kopysh. 2002. Food supply and


parental feeding rates of hooded warblers in forest fragments. Wilson Bulletin 114:


122-127.

We tested whether Hooded Warblers (Wilsonia citrina) experienced a smaller food supply in small versus large forest fragments in northwestern Pennsylvania. Using 16 fragments that ranged in size from 0.7 to 214 ha, we videotaped parental feeding rates to nestlings in 35 nests and sampled arthropod abundance on 24 breeding territories. Contrary to our predictions, neither feeding rate per nestling nor arthropod abundance on breeding territories was significantly less in small (,4 ha) versus large (.150 ha) fragments. Brood loss due to starvation was rare and overall nest success was not significantly less in small fragments. Similarly, prey size delivered to nestlings and arthropod size sampled on territories did not differ significantly between fragment size classes. We conclude that Hooded Warblers breeding within small forest fragments in the northwest Pennsylvania landscape do not suffer from a relatively small food supply.
Burger, L. W. 2000. Wildlife responses to the Conservation Reserve Program in the Southeast. Pages 55–74 in W.L. Hohman and D.J. Halloum, editors. A comprehensive review of Farm Bill contributions to wildlife conservation, 1985–2000. U.S. Department of Agriculture, Natural Resources Conservation Service, Wildlife Habitat Management Institute, Technical Report, USDA/NRCS/WHMI-2000.

Over 2.7 million acres were enrolled in the Conservation Reserve Program (CRP) in the southeastern United States in 1999, creating early successional plant communities that might provide short-term habitat for regionally declining early successional species. Rigorous evaluations of the effects of CRP on wildlife in the Southeast are lacking. However, probable impacts may be inferred from studies of wildlife response to land management practices similar to those implemented under CRP. This review examines potential wildlife benefits of CRP as indexed by avian communities. In contrast to the Midwest where grass establishment practices dominated CRP enrollment, 62% of CRP acres in the Southeast were enrolled in tree planting practices, primarily loblolly pine. The replacement of agricultural lands with tree plantings in a forest-dominated landscape (48% of landbase) may result in a long-term net loss of habitat for early successional species. During the first one to three years following establishment, pine plantations are characterized by low-growing grasses and forbs and provide habitat for grassland and early successional bird species. As the stand matures, herbaceous plants are replaced by shrubs and trees. Avian diversity increases with stand age as shrub-successional birds colonize the stand. Avian richness is lowest during mid-rotation (15-25 years) when canopy closure eliminates herbaceous ground cover. In mid-rotation, stand thinning and prescribed fire may enhance habitat quality for grassland and shrub-successional birds. Bottomland hardwood plantings established under CRP should be expected to support high densities of grassland birds during the first five years after establishment. Peak abundance of shrub-successional species will occur 7-15 years after planting. Stands > 20 years old should support 75-85% of the avian community characteristic of mature bottomland hardwoods. Interplanting of rapidly growing tree species, such as cottonwood, sycamore, or green ash, would dramatically accelerate colonization by forest bird species. In the Southeast, the wildlife habitat value of grasslands enrolled in CRP may be limited by establishment of exotic forage grasses, mowing, and the rapid rate of grassland succession. Conversion of forage grasses to native communities and implementation of management regimes that maintain diverse annual weed communities will enhance the wildlife habitat value for early successional species. Field border practices such as CP21 and CP22 can dramatically enhance suitability of agricultural landscapes for shrub-successional species and also may increase landscape-level suitability for wintering passerines, particularly sparrows. Overall, the potential wildlife benefits of CRP in the Southeast are substantial, but they may be unrealized because of the selection of specific practices (e.g., pine plantations). Moreover, relative to the Midwest, the actual benefits of CRP in the Southeast remain unknown because of the lack of rigorous evaluation.
Burger, L. W., Jr.   2006a. Creating Wildlife Habitat Through Federal Farm Programs: An Objective-Driven Approach. Wildlife Society Bulletin.  34:994-999.
Conservation programs administrated by the United States Department of Agriculture under the Farm Bill have tremendous potential to impact wildlife habitat and populations on private land. Recent comprehensive reviews demonstrate that private landowners who participate in these programs have established habitats that may contribute to sustaining some regional wildlife populations. However, I argue that if Farm Bill conservation program lands are to consistently provide habitat that supports viable wildlife populations, conservation planners must have a better understanding of species-specific habitat requirements and ecological processes. Concomitantly, wildlife biologists also must have a working knowledge of the conservation programs, practices, and owner needs and eligibility requirements. This understanding is then translated to changes on the landscape through comprehensive planning and implementation at the farm scale. I argue that, all too often, landowner’s selection of conservation practices is program-driven. Program-driven implementation is less likely to result in quality wildlife habitat. I contend that the consistent application of an objective-driven approach to farm-scale conservation planning is more likely to produce habitats that sustain viable wildlife populations. Under this approach, landowner conservation objectives drive management practices and management practices lead to program selection, instead of program requirements driving management practices.

Burger, L.W., Jr. 2006b. The Conservation Reserve Program in the Southeast: Issues Affecting Wildlife Habitat Value Pages 63-92 in J.B. Haufler, editor. Fish and Wildlife Benefits of Farm Bill Conservation Programs 2000-2005 Update. USDA/Natural Resources Conservation Service. < ftp://ftp-fc.sc.egov.usda.gov/NHQ/nri/ceap/fwbenefits5.pdf >. Accessed June 7, 2007.
Provision of wildlife habitat is one of the statuary objectives of the Conservation Preserve Program (CRP); however, the realized wildlife habitat benefits vary regionally in relation to specific cover crop, age, and management regimes. As of February 2005, 1,324,066 ha were enrolled in the CRP in 12 southeastern states. Approximately 57% of southeastern CRP was in 1 of 3 tree cover practices (CP3 new pine, CP3a new hardwood, or CP11 existing trees); 19% as CP10 existing grass (much of which was reenrolled CP1); 4% as CP1 cool-season grass; 3% in CP2 native warm season grasses; and 12% in continuous-signup buffer practices. Targeted conservation practices resulted in enrollment of 75,014 ha of longleaf pine within the longleaf practice and 2,850 ha of hardwoods in the continuous bottomland hardwood practice. Plant communities on CRP fields are not static, but change over time. In the southeastern United States, natural succession progresses rapidly because of fertile soils, long growing seasons, and substantial rainfall. As such, the specific wildlife species that occur on CRP stands will vary over the life of the contract. Wildlife populations at a given point in time will be a function of conservation practice, age of the stand, establishment methods, and mid-contract management regimes. Provision and maintenance of wildlife habitat on CRP fields in the South requires active management. Planned disturbance (disking or fire) should be incorporated into the conservation plan of operation for all grass plantings in the Southeast. Exotic forage grasses may need to be eradicated to accrue substantive wildlife benefits. Tree plantings also require active management. Most pine CP11 plantings are now 15–17 years old and are characterized by closed canopies with dense litter accumulation and little herbaceous ground cover. Thinning, selective herbicide, and prescribed fire would enhance the habitat value of these stands. The CRP has had substantial impact on land use and landscape composition in the Southeast. However, the wildlife habitat value of fields enrolled in the CRP has been diminished by selection of cover practices with short duration or minimal habitat value (i.e., CP1, CP1 reenrolled as CP10, CP3, CP11). Proactive management of extant CRP acreage and selective enrollment of high-value cover practices (e.g. longleaf pine) will be required to achieve the types of wildlife habitat benefits associated with the CRP in other regions.

Burger, L.W., Jr. 2005. The Conservation Reserve Program in the Southeast: issues affecting wildlife habitat value. In A.W. Allen and M.W. Vandever, editors. The Conservation Reserve Program: planting for the future. Proceedings of a National Conference, Fort Collins, Colorado, June 6-9, 2004: U.S. Geological Survey, Fort Collins Science Center Scientific Investigations Report 2005-5145. 248 p.
Burger, L.W., Jr., P.J. Barbour, R. Hamrick, and M.D. Smith.  2006. Conservation Buffers: Wildlife Benefits in Southeastern Agricultural Systems.  Research Advances, Forest and Wildlife Research Center, January, Vol. 9, No. 2. WF220. http://www.fwrc.msstate.edu/pubs/buffers.pdf. Accessed August 4, 2009. 
Burger, L.D., L.W. Burger, Jr., and J. Faaborg. 1994. Effects of prairie fragmentation on predation on artificial nests. Journal of Wildlife Management 58:249-254.

Artificial nests in smaller prairies smaller depredated more than those in larger prairies 37 vs 13.9%. Although highest predation rates were observed in smallest prairie size classes and prairie size had an effect on predation, proximity to woody cover was a more important factor affecting predation rates on artificial nests. Smallest prairies may have had higher predation rates due to higher proportion of area near woody cover. The potential effects of prairie size and woody vegetation on success of ground-nesting birds should be considered in decisions of acquisition and management of prairie habitats. 

Burger Jr., L. W., and K.O. Evans, editors. 2009. Managing working lands for bobwhite quail: The USDA-NRCS Bobwhite Restoration Project. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed August 3, 2009.
Burger, L.W., Jr., E.W. Kurzejeski, T.V. Daley, and M.R. Ryan. 1989. Structural characteristics in CRP fields in northern Missouri and their suitability as bobwhite habitat. Transactions of the North American Wildlife and Natural Resources Conference. 55:74-84.

Study of vegetative conditions on CRP lands in northern Missouri from 1986 to 1988 with discussion and recommendations concerning value of CRP lands as winter, nesting, and brood-rearing cover for bobwhite quail. Structural characteristics of vegetation, dominant vegetation types, and frequency of disturbance examined in relation to year, conservation practice, and season. Conclusions: (1) emergency haying of CRP contributed to decline in habitat quality, (2) year of establishment or age of field was major factor affecting a field=s seasonal habitat value for quail (i.e., value of CRP fields as brood-rearing and roosting cover declined, while nesting cover improved from year 1 to year 3), and (3) vegetative cover and habitat quality varied among conservation practices (CP4>CP2>CP1). Authors recommend mowing be restricted, portions of CRP fields be disturbed on 3-year rotation to maintain early successional roosting and brood-rearing cover, and management for diverse age-classes within quail home range. 

Burger, L. W. Jr., E. W. Kurzejeski, T. V. Daily, and M. R. Ryan. 1990. Structural characteristics of vegetation in conservation reserve program fields in northern Missouri and their suitability as bobwhite habitat. Transactions of North American Wildlife and Natural Resources Conference 55:74-83. 

CRP cover may provide both nesting and winter roosting habitat for bobwhite in northern Missouri. Fifty percent of all fields sampled were disturbed by clipping, haying or disking. Thirty four percent of fields provided potential roosting habitat. CP2 and CP4 fields were most likely to provide early season nesting habitat. Disturbance was primary factor limiting the potential value of CRP fields as winter roosting and nesting cover.

Burger, L. W., Jr., E. W. Kurzejeski, T. V. Dailey, and M. R. Ryan. 1993. Relative invertebrate abundance and biomass in Conservation Reserve Program plantings in northern Missouri. Pages 102-108 in K. E. Church and T. V. Dailey, editors. Quail III: National quail symposium. Kansas Department of Wildlife and Parks, Pratt. http://gamebird.forestry.uga.edu/quailvi/previous/previousconferences/quail3.pdf. Accessed August 4, 2009.
Evaluation of relative invertebrate abundance, biomass and diversity in CRP fields planted to red clover/timothy, timothy, orchardgrass, tall fescue, warm-season grasses, orchardgrass/Korean lespedeza, and conventionally tilled soybeans. Fields planted to red clover/timothy mixture and dominated by red clover had highest levels of invertebrate abundance and biomass. Mean invertebrate abundance and biomass in CRP fields were 4 times that of soybean fields. CRP fields could furnish high quality brood habitat for avian species legumes are incorporated, or maintained, in CRP plantings.

Burger, L.W., D. McKenzie, R. Thackston, and S.J. Demaso. 2006. The Role of Farm Policy in Achieving Large-Scale Conservation: Bobwhite and Buffers. Wildlife Society Bulletin 34:986-993. 

The Farm Bill provides a policy vehicle for implementing conservation programs with the potential to alter land use on a large spatial scale. The conservation payments under the Farm Bill dwarf the collective investment of the North American Wetlands Conservation Act, Endangered Species Act, Pittman-Robertson Act, and Conservation and Reinvestment Act. However, the ecological value of past policy has varied by program, practice, region, and wildlife species, resulting in a broad array of wildlife habitat and population effects ranging from positive to negative. We argue the conservation provisions of the Farm Bill can produce more consistent positive wildlife habitat benefits when policy (program statutes, rules, practices, and practice standards) is developed in the context of explicit goals identified as part of large-scale conservation initiatives. For example, initiatives like the North American Waterfowl Management Plan, Partners in Flight, and the Northern Bobwhite Conservation Initiative (NBCI) set science-based goals and objectives to facilitate wildlife species population recovery and sustainability at the landscape scale. We contend that the best ecological and societal cost/benefit ratio is achieved when Farm Bill conservation programs and practices are developed to address these specific habitat goals. We present a case study illustrating how a Conservation Reserve Program option (Conservation Practice 33—Habitat Buffers for Upland Birds) specifically addresses NBCI goals and objectives. We discuss the successes, failures, and lessons learned by NCBI in policy formulation, practice development, programmatic delivery, and evaluation.

Burke, D. M., and E. Nol. 1998. Influence of food abundance, nest-site habitat, and forest


fragmentation on breeding ovenbirds. Auk 115:96-104.

Between 1994 and 1996, we determined the density and pairing success of territorial male Ovenbirds (Seiurus aurocapillus) in 31 forest fragments in southern Ontario. The density and pairing success of territorial males increased significantly with area of the woodlot core. We tested the hypotheses that area-related changes in food abundance and the availability of suitable nest sites are the causal mechanisms limiting female settlement in small forest fragments. Our results indicated that Ovenbirds chose territories with significantly higher prey biomass than occurred at randomly selected sites in the woodlot. Within Ovenbird territories, prey biomass was 10 to 36 times higher in large woodlots than in small woodlots. Invertebrate biomass at randomly located quadrats in large woodlots was more than twice that found at random sites within small woodlots, and was slightly greater than prey biomass within Ovenbird territories in small fragments. Leaf litter was deeper within Ovenbird territories in large woodlots than at random sites in both large and small forests, and within Ovenbird territories in small woodlots. Ovenbirds in large woodlots selected nest sites that were more than 250 m from the forest edge, distances that were not obtainable in small forest fragments. The lack of potential nest sites, combined with lower food abundance in small fragments, may explain why female Ovenbirds find small fragments unsuitable as breeding sites, and hence why so few males secure mates in small fragments. Understanding the cause of deterioration of breeding sites with decreasing wood lot area should underscore efforts to preserve larger tracts o f forest t o provide adequate nesting habitat for forest-interior migrants.
Burckhardt, J. C., and B. L. Todd. 1998. Riparian forest effect on lateral stream channel migration in the glacial till plains. Journal of the American Water Resources Association 34:179-184.

Dendrochronology analyses of point bar complexes were used to quantify the effects of riparian forests on local lateral migration of bends in seven streams in the glacial till plains of north central Missouri. Stream bends were paired with similar bank height, midchannel radius of curvature, soil composition, and watershed size. In each pair, one concave bank was forested and one was unforested. Stream bends with unforested concave banks had an average local migration rate three times greater tan stream bends that had forested concave banks. 

Butler, A.B. 2007. Habitat Characteristics Influencing Resident and Over-Wintering Grassland Birds on the Dry Prairie of South-Central Florida. M. S. Thesis. University of Georgia, Athens 
Cable, T. T. 1991. Windbreaks, wildlife, and hunters. Pages 35-55 in J.E. Rodiek and E.G. Bolen, editors. Wildlife and habitats in managed landscapes. Island Press. Washington DC. 

Even though their value is widely recognized windbreaks continue to be lost due to removal for farming and deterioration of condition and quality. Loss of hedgerows in five Midwestern states being lost at a rate of 0.6 to 3.1%/yr. Degree of importance of windbreaks varies according to needs of specific wildlife species. Important to resident species as well as migrants. Less than 3% of great plains is forested. Although woodland habitats are scarce, woodland birds account for 46% of avifauna in western Kansas. Functions of windbreaks: reproductive, escape, protective cover, particularly important during severe winter weather. Shelterbelt presence may result in higher rates of predation on ground nesting birds in vicinity wooded cover. Shelterbelts provide additional sources of food both seed and insects. Number of species and individuals that were completely or partially insectivorous increased as the size of the windbreak increased. Windbreaks serve as wooded islands in agricultural landscape that can serve as travel corridors and dispersal habitat between riparian habitats and other wooded covers. Value of shelterbelts to wildlife typically a function of size, number of rows, plant diversity, height. Location, better for wildlife if located in or adjacent to grain fields rather than grazed pasture. 

Camp, M., and L. B. Best. 1994. Nest density and nesting success of birds in roadsides


adjacent to rowcrop fields. American Midland Naturalist 131:347-358.

Evaluation of nest densities and nesting success of birds in roadsides in an intensively farmed area in central Iowa in 1990-1991. Data obtained for 120 nests of 8 species in 34 roadside areas. Microhabitat of nests was described for red-winged blackbirds, pheasant, grey partridge, and vesper sparrows. Recommended seeding native grasses and forbs, retaining fences, periodic burns to maintain vegetation vigor, and avoidance of mowing except for shoulders.
Carroll, C.R. 1992. The interface between natural areas and agroecosystems. Pages 365-383 in C.R. Carroll, J.H. Vandermeer, and P. Rosset, editors. Agroecology. McGraw-Hill. New York.

Farming systems generate weedy phenotypes including plants animals and pathogens that may become invaders of natural areas. Furthermore crops may become important food sources for certain species thereby distorting their impact on other populations of wildlife. For example, crows, jays, racoons whose enhanced populations seriously threaten nesting bird populations. Agricultural landscapes may distort the natural history of embedded natural areas.


Expansion of agriculture disrupts natural areas in three ways. Natural ecosystems become fragmented. Fragmentation increases boundary phenomena resulting in exacerbation of edge impacts. Loss of natural areas generally means that remaining patches are increasingly isolated, consequently re-colonization is difficult increasing likelihood of local extinctions. Most of these impacts are cumulative and proceed as a consequence of many independent decisions hat are made without regard to possible combined effects. Little attention given to analysis of long term and broad scale effects. 


In absence of active ecological management most small natural areas begin to degrade and become less representative of the original ecosystem. Small sites typically require more management effort per unit area than is required for large areas. Long term security of natural areas in agricultural landscape will strongly depend on the way that the land surrounding the natural area is used. Must be economically sustainable, socially equitable, and explicitly linked with management objectives in the embedded natural area. 


Factors that should be addressed in agricultural buffer zones around natural areas:

Design of agricultural areas should be explicitly related to the ecological management goals of the natural area. Should minimize activities and processes that degrade the habitat such as invasion by weeds and fire. Buffer zone activities should be able to be modified to meet new contingencies. Programs should be flexible so that change can be made without drastically disrupting local economy. Buffer should not be sensitive to rapid change in market prices, rising production costs, decreasing returns, nor should it rely on intensive use of agrochemicals fire or other methods that may strongly impact nearby natural areas. 

Capel, S.W., 1988. Design of windbreaks for wildlife in the Great Plains of North America. Agriculture, Ecosystems and Environment. 22/23: 337-347.
A basic five-row windbreak design that incorporates wildlife benefits consists of two rows of evergreens on the north or west side to provide winter wind and snow protection. The middle row should be one or more species of tall, deciduous trees to provide vertical habitat, nesting cover and added wind protection. The last two rows should be shrubs which offer the greatest food availability and food production potential. For single-row windbreaks in a windbreak system, use of high wildlife-value deciduous trees, or alternating tall, deciduous trees and leguminous shrubs is encouraged. Twin-row, high-density plantings of tall trees and shrubs are another alternative. In northern latitudes, additional rows are often required for improved thermal cover and snow drift buffers. In more extreme situations, large block plantings or snow drift buffers 15-35 m or more to the north of the planting are beneficial. For initial establishment, use of temporary windbreaks of sudan and/or small grains, has proven beneficial in reducing the dehydrating effects of summer winds and at the same time providing temporary food and shelter until the windbreak matures. Criteria for selecting the best windbreak locations to benefit wildlife are covered, as is the selection of woody plant species that have the highest wildlife values. Geographic variations in windbreak designs used by wildlife management personnel from Texas to Manitoba are also discussed.
Chapman, E. W., and C. A. Ribic. 2002. The impact of buffer strips and stream-side grazing on small mammals in southwestern Wisconsin. Agriculture, Ecosystems and Environment 88:49-59.

The practice of continuously grazing cattle along streams has caused extensive degradation of riparian habitats. Buffer strips and managed intensive rotational grazing (MIRG) have been proposed to protect and restore stream ecosystems in Wisconsin. However, the ecological implications of a switch from traditional livestock management to MIRG or buffer strip establishment have not been investigated. Differences in small mammal communities associated with riparian areas on continuously grazed and MIRG pastures, as well as vegetative buffer strips adjacent to row crops, were investigated in southwestern Wisconsin during May–September 1997 and 1998. More species (mean of 6–7) were found on the buffer sites than on the pasture sites (mean of 2–5). Total small mammal abundance on buffer sites was greater than on the pastures as well; there were 3–5 times as many animals on the buffer sites compared to the pasture sites, depending on year. There were no differences in species richness or total abundance between MIRG and continuously grazed pastures in either year. Total small mammal abundance was greater near the stream than away from the stream, regardless of farm management practice but there were no differences in species richness. Buffer strips appear to support a particularly rich and abundant small mammal community. Although results did not detect a difference in small mammal use between pasture types, farm-wide implications of a conversion from continuous to MIRG styles of grazing may benefit small mammals indirectly by causing an increase in the prevalence of pasture in the agricultural landscape.
Clark, W.R. and T. Bogenschutz. 2001. Modeling pheasant responses to conservation buffers in Iowa. NRCS Wildlife Management Note. 
Clark, W. R., B. L. Falk, R. A.Schmitz, and B. A. Babcock. 2001. Projecting the wildlife and economic impacts of United States agricultural policy using landscape-level analyses. Pages 139-143 in R. Field, R.J. Warren, H. Okarma, and P.R. Sievert, editors. Wildlife, land and people: priorities for the 21st century.  Proceedings of Second International Wildlife Management Congress. The Wildlife Society, Bethesda, Maryland, USA. 

Clark, W.R. and K.F. Reeder. 2005. Continuous enrollment conservation reserve program: factors influencing the value of agricultural buffers to wildlife conservation. Pages 93-113 in J.B Haufler, editor. Fish and Wildlife Benefits of Farm Bill Conservation Programs 2000-2005 Update. Technical Review 05-2. The Wildlife Society, Bethesda, Maryland, USA. <http://www.nrcs.usda.gov/technical/nri/ceap/fwbenefit.html>. Accessed January 3, 2007.
The Continuous Conservation Reserve Program (CCRP) principally consists of linear buffer conservation practices designed to remove highly erodible land from production and to improve water quality. The extent of projects differentiates CCRP from the general signup CRP, which focuses on whole-field enrollments. Small sizes and high edge to area ratios have the potential to limit the usefulness of these practices for wildlife. Careful planning and management are keys to gaining the desired wildlife benefits from these plantings, particularly with regard to the role of buffers in the landscape. Evidence that the practices enrolled in the CCRP are used by wildlife is mounting, although studies are still most heavily focused on the avian community. Further study on reproductive success and survival is needed on all species of wildlife using these plantings to determine how the CCRP can best serve wildlife habitat functions. 
Clark, W.R. and K.F. Reeder. 2007. Wildlife Conservation: A Summary About Linear Practices. Pages 45-55 in J.B Haufler, editor. Fish and Wildlife Response to Farm Bill Conservation Practices. Technical Review 07-1. The Wildlife Society, Bethesda, Maryland, USA. http://www.fsa.usda.gov/Internet/FSA_File/full_report.pdf. Accessed August 4, 2009. 
Conservation practices such as filter strips, grassed waterways, buffers, contour strips, riparian buffers, windbreaks and shelterbelts are eligible under a variety of USDA programs. Most were originally designed to provide benefits regarding reduced soil erosion and improved water quality. Most often grasses, or mixtures of grasses and forbs, are used in these practices, although establishment of trees and shrubs is encouraged in some practices. The small area and high edge-area ratios limit the usefulness of these practices for wildlife. Scientific evidence suggests that enrolling land in linear practices has accumulated in recent years, although most studies still focus heavily on benefits to birds and do not address the larger questions of the animal communities. With careful planning and management, applying linear practices widely within an agricultural landscape could be expected to have positive wildlife benefits compared with continued intensive row cropping.
Conover, R.R. 2009. Grassland bird associations in a managed agricultural matrix. Ph.D. dissertation, Mississippi State University, Mississippi State, USA.

Continued declines of grassland bird populations in the U.S. are largely attributed to grassland loss from conversion to agriculture. Habitat establishment efforts by the U.S. Department of Agriculture (USDA) may stem these declines given adequate ecological insight to guide management protocols. My research evaluated bird responses to four USDA conservation practices in the Mississippi Alluvial Valley, Mississippi, including 1) early-succession afforestation blocks, 2) early-succession, 60-m wide riparian forest buffers, 3) diverse-planted, 30-m wide filter strips, and 4) monotypic-planted, 30-m wide filter strips. I collected data from May to August, 2005-2007, to investigate the influence of conservation practice design, landscape context, and microhabitat on avian community structure, grassland bird nest ecology, Dickcissel fledgling ecology, and Northern Bobwhite landscape-level associations. Strip-transect surveys showed that Red-winged Blackbird (43%) and Dickcissel (42%) dominated bird communities, but other abundant species included Eastern Meadowlark, Indigo Bunting, Mourning Dove, and Northern Bobwhite. Bird diversity was greater in blocks than buffers, and diverse filter strips had the greatest bird densities. I found and monitored large samples of Dickcissel (n = 733) and Red-winged Blackbird (n = 409) nests in all practices, with large blocks attracting the greatest nest densities. Dickcissel nest success (22.9%) positively correlated with nest height, but negatively correlated with nearby (30 m) rowcrop area, grass cover, and horizontal vegetation cover. Red-winged Blackbird nest success was highest in diverse filter strips (23.4%) than on average (8.6%) and positively correlated with nest height, but negatively correlated with litter cover. I attached radio transmitters to 416 Dickcissel nestlings to track fledgling survival. Red imported fire ants and snakes were the predominant predators of fledglings and caused ≥65% of all mortality, which was greatest (83%) ≤2 days postfledging. Fledgling survival positively correlated with age, mass, and perch height, but negatively correlated with time in season, grassland area and edge density in the landscape. I counted 302 Northern Bobwhites at 100 locations in a 7,818 ha region and found 3.3 times more birds in a managed than unmanaged habitats. Their abundances were negatively associated with rowcrop area, wooded area, developed area, and landscape contagion, but positively influenced by all conservation practices, especially diverse filter strips. I recommend integrating 30-m wide conservation buffers within a block-based conservation management system to maximize grassland bird benefits. I also suggest that buffers be managed to maximize vegetative structural complexity in concert with moderate cover.
Conover, R. R., E. Linder, and L. W. Burger. 2005. Effects of herbaceous field borders on farmland birds in the Mississippi Alluvial Valley. Final project report to Delta Wildlife, Department of Wildlife & Fisheries, Mississippi State University, Mississippi State, USA.

Conover, R. R., E. Linder, and L. W. Burger. 2006. Effects of Herbaceous Field Borders on Farmland Birds in the Mississippi Alluvial Valley. USDA/NRCS Technical Note.  http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=18511.wba. Accessed August 3, 2009.
Conover, R.R. L.W. Burger, Jr., E.T. Linder. 2007. Winter Avian Community and Sparrow Response to Field Border Width. J. Wildl. Manage. 71:1917–1923. 
Transformations of agricultural practices in the southeastern United States have drastically reduced preexisting quantities of strip-cover habitat along field margins. The National Conservation Buffer Initiative has promoted the establishment of herbaceous field borders to restore wildlife benefits once provided by such habitat. Researchers evaluated effects of native warm-season grass field border establishment and width on winter bird response. Narrow (approx. 8-m) field borders represented a marginal improvement to non-bordered margins that were cropped ditch to ditch, whereas wide (approx. 30-m) borders significantly enhanced total avian conservation value, abundance, species richness, and sparrow abundance compared to non- or narrow borders. Furthermore, presence of wide borders altered bird use of row-crop fields. Authors observed increased sparrow abundances in agricultural fields adjacent to wide borders, which likely resulted from enhanced waste grain foraging opportunities. Given these benefits to wintering farmland birds, authors advocate the integration of herbaceous field border habitat in agricultural landscapes, particularly borders of enhanced width.
Conover, R. R., L. W. Burger, Jr., and E. T. Linder.  2009.  Breeding Bird Response to Field Border Presence and Width.  Wilson Journal of Ornithology 121:548–555.

Avian communities can benefit from reconstructed herbaceous, strip habitats among agriculture; however, any benefits may be limited by width-dependent factors such as edge effects. We used 2 years of strip-transect surveys to evaluate avian density, richness, and conservation value between non-, narrow (mean width = 8.2 m), and wide (mean width = 40.7 m) field borders on intensive row-cropped field margins in the agriculture-dominated Mississippi Alluvial Valley. Wide field borders supported two times more birds (7.0 birds/0.2 ha) than narrow borders (3.6 birds/0.2 ha), which supported six times more birds than no border (0.6 birds/0.2 ha). Mean bird species richness was over five times greater in bordered (0.80–1.10 species/0.2 ha) than non-bordered margins (0.14 species/0.2 ha), but was largely uninfluenced by border width. We documented more bird use of agricultural fields and wooded fencerows adjacent to bordered than non-bordered margins. Red-winged Blackbirds (Agelaius phoeniceus) and Dickcissels (Spiza americana) had the strongest positive response to field border presence and width. Wide borders attracted high densities (2.0 birds/0.2 ha) of Dickcissels, an edge-sensitive species, suggesting the conservation potential of herbaceous vegetation patches <50 m of wooded edges for grassland birds. Extensive implementation of field borders, particularly of enhanced width, may contribute substantially to grassland bird conservation strategies in intensive, agricultural landscapes, although confirmation of these benefits requires additional demographic information.
Cooke, T. 2006. Native warm-season grasses and legume buffers for wildlife habitat enhancement in agricultural landscapes. USDA-NRCS Technical Note   http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=18474.wba. Accessed August 3, 2009.
Established NWSG and legume buffers can be excellent habitat for small mammals, grassland songbird species, and the Northern bobwhite quail. NWSG provide cover and nesting habitat while legumes provide an abundant food resource (fig. 8).Research has documented significant increases in avian diversity, abundance, and reproduction in field edges with NWSG and legume buffers compared to field edges without buffers. Similar results have been documented at the landscape level when farms with NWSG and legume buffers were compared to farms without buffers.

• Winter and breeding season transects were used to identify 116 species of birds utilizing 28 miles of NWSG and legume buffers in agricultural landscapes in the Lower Mississippi Valley.

• Seventy-four species of birds were found during the breeding season in NWSG and legume buffers compared to 58 species found in nonbuffered field edges.

• Winter results were similar—66 species used the buffers compared 43 species found in nonbuffered field edges.

• A total of 16,777 birds used buffer field edges compared to 5,959 birds found in nonbuffered field edges.

Nesting density in 30-foot-wide NWSG and legume buffers was found to be six times greater than in field edges without buffers. Nesting density in buffers between 30 feet and 99 feet were 38 times greater. Research has also indicated a significant response by Northern bobwhite quail in NWSG and legume buffers. Research in Mississippi, Tennessee, and Georgia have shown a three- to seven-fold increase in quail numbers after NWSG buffers were established.
Darden, T. L., Jr., G. A. Hurst, and R. C. Warren. 1990. Bird community Fish and Wildlife Benefits of Farm Bill Programs: 2000–2005 Update 89 indices and habitat conditions in pine stands. Journal of the Mississippi Academy of Science 35:1–6.

Davies, P. E., and M. Nelson. 1994. Relationships between riparian buffer widths and the effects of logging on stream habitat, invertebrate community composition and fish abundance. Australian Journal of Marine and Freshwater Research 45:1289-1305.


Impacts from the logging of Eucalyptus forest on stream habitat, macroinvertebrate abundance and diversity, and fish abundance were surveyed in Tasmania, Australia. Forty-five pairs of sites from 34 streams of greater than or equal to 2.5 km super (2) catchment area were each sampled once during summer in the period 1990-92. Each site pair consisted of an impacted' site downstream of a logging treatment and an upstream or closely matched 'paired control' site. Site pair treatments encompassed two logging methods (cable and conventional) with a range of riparian buffer strip widths (0-50 m) and included unlogged controls. Differences between site pair variables were used as test statistics for the detection of logging impacts. Logging significantly increased riffle sediment, length of open stream, periphytic algal cover, water temperature and snag volume. Logging also significantly decreased riffle macroinvertebrate abundance, particularly of stoneflies and leptophlebiid mayflies, and brown trout abundance. All effects of logging were dependent on buffer strip width and were not significantly affected by coupe slope, soil erodibility or time (over one to five years) since logging. All impacts of logging were significant only at buffer widths of <30 m. Minimum buffer widths for eliminating logging impacts on stream habitats and biota are discussed. 

Davis, J.D., S.D. Hendrix, D.M. Debinski, and C.J. Hemsley. 2008. Butterfly, bee and forb community composition and cross-taxon incongruence in tallgrass prairie fragments. J. Insect Conservation 12:69–79

Pollinators provide an important class of ecological services for crop plants and native species in many ecosystems, including the tallgrass prairie, and their conservation is essential to sustaining prairie remnants. In Iowa these remnants are typically either block-shaped or long, linear strips along transportation routes. In this study we examined differences in the butterfly, bee, and forb community composition in linear and block prairie remnants, determined correlations between species diversity among butterflies, bees and forbs in the 20 prairie remnants sampled, and examined correlations of community similarity among butterflies, bees and forbs. Correspondence analysis showed that distinct communities exist for butterflies and forbs in block versus linear sites and discriminant analysis showed that the bee and forb communities in block and linear sites can be distinguished on the basis of a few species. Diversity of one group was a poor predictor of diversity in another, except for a significant inverse relationship between bees and butterflies. These two pollinator taxa may be responding very differently to microhabitat components within fragmented ecosystems. Our studies show that there need to be differences in conservation strategies for bees and butterflies to maintain both pollinator communities.
Davison, V. E. 1941. Wildlife borders––an innovation in farm management. Journal of Wildlife Management 5:390–394.
Methods of land management are changing and the wildlife border is becoming a part of the new land-use patterns of southeastern agriculture. Particularly needed between woodland and cropland, the vegetated strip is designed for multiple use, including turnrow, erosion control, water disposal, control of trees, beauty, and wildlife food and cover. The recommended border for the area shown in Plate 26-consists of two parts-a strip of Lespedeza sericea next to the crops and a strip of shrubby vegetation next to the woods. The herbaceous portion must be maintained free of shrubs and the woody portion free of trees. The border serves wildlife as shelter -nesting sites, travel lanes, roosting and resting areas, and escape coverts. Emergency food is also provided by Lespedeza sericea and woody plants such as the sumacs, honeysuckle, grapes, haws, blackberries, and dogwoods, and cedars, wild cherry, and persimmon, of low growth. The wildlife border is acceptable to most farmers because of its simplicity, its easy maintenance, and its multiple values. An increased interest in wildlife results from this tangible contribution to better farm management.
Davros, N.M. 2005. Grassland bird and arthropod responses to USDA filter strip characteristics in southwestern Minnesota. MS Thesis, Iowa State University, Ames, USA.

Davros, N.M. D.M. Debinski, K.F. Reeder, and W.L. Hohman. 2006. Landscape factors influencing butterfly use of Conservation Reserve Program buffers in the Midwest. Wildlife Society Bulletin 34:936-943.
Filter strips or buffers are areas of grass or other perennial herbaceous vegetation established along waterways to remove contaminants and sediments from agricultural field runoff. In the heavily cultivated regions of the Midwestern United States, these buffer zones established under the Farm Bill provide important habitat for wildlife such as butterflies. The question of how the landscape context of these plantings influences their use has not been adequately researched. We used multiple regression and Akaike’s Information Criteria to determine how habitat width and several landscape-level factors (i.e., landscape composition [total herbaceous cover, amount of developed area, and amount of wooded cover] and configuration [herbaceous edge density]) influenced the abundance and diversity of the butterfly community using filter strips in southwestern Minnesota, USA. Habitat sensitive butterfly abundance and all richness and diversity measures were positively correlated with filter-strip width. Butterfly abundance was negatively associated with the amount of developed areas (cities, towns, and roads) within the area of a 1-km radius (3.14 km2) surrounding the sites. Percentage of wooded cover in the landscape was an important variable explaining individual species abundance, although the direction of the relationship varied. Our finding that landscape context influences butterfly use of filter strips highlights the importance of landscape-level approaches to wildlife conservation in agroecosystems.
Davros, N. M. and W.L. Hohman. 2006. Breeding bird use of Minnesota Filter Strips in Relation to width, planting mixture, and surrounding land use. NRCS Technical Note. ftp://ftp-fc.sc.egov.usda.gov/NHQ/ecs/Wild/BreedingBirdUseMN.pdf. Accessed January 3, 2007. 

Davros, N.M., and W.L. Hohman.  In preparation.  Grassland bird use of USDA filter strips in southwestern Minnesota. Journal of Wildlife Management

The establishment of linear conservation buffers through the U.S. Department of Agriculture’s (USDA) Continuous Enrollment Conservation Reserve Program (CCRP) for control of soil erosion and water quality improvement has resulted in the establishment of >688,000 ha or about 756,000 km of primarily herbaceous cover in Midwestern states. An understanding of how different design features of buffers and landscape characteristics affect grassland bird use of these linear habitats is needed for achievement of bird conservation objectives in areas dominated by rowcrop agriculture. During 2003 and 2004, we assessed breeding bird use of 39 filter strips in southwestern Minnesota in relation to width, vegetative structure and composition, occurrences of potential arthropod prey, and landscape composition and configuration within a 1-km radius. Using Akaike’s Information Criterion (AIC) model selection procedures, a nested analysis of local habitat variables showed that filter strip width, standing dead vegetation, forb cover, and vegetation vertical density were important in explaining variation in bird abundance, species richness, and conservation value, but adding arthropod dry biomass variables improved most models. Separate landscape models showed that bird occurrences were positively associated with the amount of herbaceous cover in the landscape but negatively associated with the amount of developed area and the number of herbaceous habitat edges in the landscape.  Many habitat generalists use filter strips, but land managers can increase the attractiveness of these habitats for grassland obligates and species of management concern by increasing filter strip width, establishing a combination of cool- and warm-season grasses and forbs, and placing filter strips in landscapes with existing blocks of grassland habitat whenever possible.

Davros, N.M., and W.L. Hohman.  In preparation.  Factors affecting arthropod richness, abundance, and drymass in USDA filter strips with respect to breeding grassland songbirds. American Midland Naturalist.

In the Northern Tallgrass Prairie region, grasslands have undergone extensive conversion due primarily to agricultural purposes. The active establishment of herbaceous filter strips through the U.S. Department of Agriculture’s (USDA) Continuous Enrollment Conservation Reserve Program (CCRP) has provided natural resource managers with the opportunity to restore herbaceous cover to landscapes dominated by agriculture. We assessed the relationships between relative arthropod occurrences and filter strip width and vegetation structure and composition; emphasis was placed on Araneae, Lepidoptera larvae, Orthoptera, and Coleoptera because of their importance to breeding bird diets. In 2003 and 2004, we collected arthropods via sweepnets in 39 filter strips in southwestern Minnesota. Individuals were sorted to order or family, counted, oven dried, and weighed. Twenty orders and 38 families were identified. Standing dead vegetation was negatively correlated with many richness, abundance, and drymass variables. Filter strip width, vegetation vertical density, and forb cover were not as important in our models as we had predicted. We discuss our results with respect to the importance of arthropod food resources for breeding grassland birds, the potential benefits of USDA filter strips for important declining grassland birds, and the primary soil conservation benefits of filter strips.
Debinski, D.M., M.V. Santelmann, D. White, K. Freemark and J. Sifneos. 2007. Pollinator responses to alternative futures for agricultural watersheds. Butterfly responses. Pages 102-107 in J. Nassauer, editor. From the Corn Belt to the Gulf. Resources for the Future Press, Washington, D.C.

Delisle, J. M. and J. A. Savidge. 1997. Avian use and vegetation characteristics of Conservation Reserve Program fields. Journal of Wildlife Management 61:318-325.

Comparison of avian use of CP1 (cool season grasses and legumes) and CP2 (warm-season, native grasses) in southeastern Nebraska. Total bird abundance did not differ between CP1 and CP2. In winter and breeding season CP2, had taller denser vegetation than CP1 fields. Bobolinks more abundant in CP1 common yellowthroats sedge wrens more abundant in CP2 fields. American tree sparrows and pheasant most abundant species during winter and most abundant in CP2. Meadowlarks most abundant in CP1.


Sedge wrens preferred fields with structurally complex vegetation but disappeared after these fields had been mowed or burned. Yellow throats associated with tall vegetation and were more abundant in CP2. Grasshopper sparrow disappeared from fields as litter depth increased and dead vegetation accumulated. CP2 field that maintain consistent grasshopper sparrow numbers was mowed 3 out of 4 years. CP2 preferred by pheasants for winter cover. Native plantings alone could provide habitat for all native birds if some fields were managed more intensively to simulate historical disturbances. CP1 provided best habitat for species that nest directly on ground and prefer low vegetation height and litter depth. CP2 use predominantly by species that nest higher in vegetation and prefer dense growth. 

Dillaha, T. A. III, J. H. Sherrard, and D. Lee. 1989. Dillaha, T.A., J.H. Sherrard, and D. Lee. 1989. Long-term effectiveness of vegetative filter strips. Water Environment and Technology 1:419-421.
Summary of filterstrip effectiveness. Taller weeds shaded desirable grasses and reduced effectiveness. Mowing, herbicides and reseeding or combinations of the three could improve effectiveness. Cattle decrease quality and effectiveness of filter strips.

Dijak, W. D. and F. R. Thompson, III. 2000. Landscape and edge effects on the distribution of mammalian predators in Missouri. Journal of Wildlife Management 64:209-216. 

Relative abundance of forest songbird nest predators (raccoons, opossums, and striped skunks) examined at local and landscape scales to determine predation risks in Missouri. Raccoon abundance related to latitude, stream density, and mean patch size of agricultural lands. Opossum abundance was related to stream density, contagion, mean nearest neighbor distance between forest patches, and latitude. Skunk abundance was not related to landscape characteristics examined. Raccoons more abundant along edges than in forest interior. No pattern in opossums. Local and landscape patterns affect predator abundance and potentially songbird nest predation rates. 

Dinsmore, S.J., L.W. Burger, Jr., and R.R. Conover. 2009a. Landscape-Level Response of Northern Bobwhite to Implementation of a Conservation Management System in the Mississippi Alluvial Valley. Pages 29-37 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009.
In modern intensively farmed agricultural systems, early successional habitats are scarce and occur in small, isolated patches. We found evidence to expect low baseline densities of bobwhite across these highly perturbed landscapes. Implementation of broadly-applied, but low intensity practices such as upland habitat buffers can increase local bobwhite populations by 50–200% and will contribute to state, regional, and national population objectives. However, strategic deployment of a suite of conservation buffer practices and large block early successional habitats across a focal area-sized landscape can produce bobwhite populations 230–700% greater than background densities, while maintaining nearly 50% of the landscape in row crop production. During our study, breeding abundance of bobwhite was most highly associated with percentage of the surrounding landscape in large blocks of early successional habitat. However, breeding abundance was also positively related to percent of the landscape in filter strips planted to a diverse mixture of NWSG and legumes. Breeding season bobwhite abundance was not related to amount of monotypic switchgrass filter strips. This study demonstrates that even in the most inhospitable agricultural landscapes, creation and maintenance of appropriate habitat through comprehensive conservation planning can restore bobwhite populations to historic levels. We suggest the population goals of the NBCI are plausible if conservation practices are delivered with adequate intensity over sufficiently large geographic areas.
Dinsmore, S.J., L.W. Burger, Jr., and R.R. Conover. 2009b. Benefits of Early-Succession Buffer and Block Habitat for Farmland Avian Communities in the Mississippi Alluvial Valley. Pages 39-46 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009.
Conservation buffers provide resources that fulfill multiple life-history requirements for numerous grassland bird species, including suitable nesting sites. However, the vulnerability of birds nesting in narrow, strip-shaped habitat to edge effects warrants conservation concerns. We investigated differential responses by the avian community in three types of conservation buffers, as well as early successional blocks to evaluate the role of each in the development of an operational CMS. Our results supported expectations that larger areas of contiguous block habitat provide superior avian benefits however; these data also verified the auxiliary wildlife benefits of buffer habitats.


Block habitat attracted greater avian abundance and diversity, as well as considerably higher nesting density and slightly increased nest success. This supports our first hypothesis, indicating that overall area and vegetative diversity are important habitat components for the avian community. Results for dickcissel response were encouraging, as their use of these habitats was unexpectedly dense and consistent across all three-years of the study. Furthermore, they experienced comparable nest success rates from those found in other studies. The natural succession of afforested block habitats has temporal restrictions in their benefits to grassland birds and thus, is not a viable, long-term solution to the loss of native grasslands in the Midwest for any bird species. The influence of buffers on breeding bird response was positive despite tradeoffs in avian benefits among buffer types Overall, riparian forest buffers and mixed filter strips had enhanced performance over monotypic switchgrass filter strips. Riparian forest buffers had increased area and vegetative diversity compared to filter strips, as numerous locally abundant forbs and grasses naturally invaded them. The established grasses in mixed filter strips suppressed their overall vegetative diversity; however they remained considerably more diverse than monotypic filter strips. Riparian forest buffers and mixed filter strips supported greater avian richness and densities than monotypic filter strips, providing support for our second hypothesis. The similarity of avian community metrics between mixed filter strips and RFB’s provides encouraging evidence that more narrow buffers may represent suitable habitat given adequate vegetative structure and composition. The greater diversity recorded for monotypic filter strips during 2005 was a probable result of the recent establishment of these plots, as they had not yet achieved the vegetative density that characterized these buffers during 2006 and 2007. Nest densities and nest success provided further insight to the efficacy of buffer habitats. Riparian forest buffers had an annual, linear increase in nest densities, indicating increased future nesting benefits for grassland birds. Although both filter strips supported nest densities similar to RFB’s, the annual variability indicates that nesting activity patterns may remain poorly understood in these buffers, thus necessitating post-management data. All dominant nesting bird species on the farm nested more frequently in block habitats, except northern bobwhite, which used all habitats relatively evenly except monotypic filter strips, which was completely avoided (figure 8). Dickcissel and mourning dove also exhibited reduced nesting activity in monotypic filter strips, whereas red-winged blackbirds were the only species to readily and frequently nest in this buffer type. The slightly greater success of nests in block than buffer habitats may indicate presence of marginal edge effects.
Management Recommendations

• Based on the enhanced benefits provided to the avian community by block habitat, we suggest that block habitat establishment (through enrollment of eligible fields in CRP or other relevant conservation programs) receive priority in the development of a farm-wide CMS that is intended to support grassland bird populations.

• The beneficial role of conservation buffer habitats was evident and we recommend the use of buffers to complement ecological functions of a block-based CMS.

• Furthermore, buffers represent a viable conservation practice to create wildlife habitat on farms where large block habitat is incompatible with production systems.

Doak, D. F., P. C. Marino, and P. M. Kareiva. 1992. Spatial scale mediates the influence of habitat fragmentation on dispersal success: implications for conservation. Theoretical Population Biology 41:315-336.

Heterogeneity has different and conflicting effects on animal movement at different scales. Explicit consideration of scale is essential in discussion of habitat fragmentation and of optimal conservation strategy. Major impact of fragmentation is disruption of animal dispersal. Dependent upon two scales; the relative size of the habitat fragments and the spatial scale at which these fragments are arranged. When fragmentation is unavoidable, dispersal mortality may be minimized by clustering habitat fragments. The spatial scale of clustering must be defined. Clustering seems to have a positive influence on dispersal success. Scale effects risks of mortality, degrees of connectedness or independence among patches an the influence of environmental catastrophes. 

Dunn, C.P., F. Stearns, G.R. Guntenspergen, and D.M. Sharpe. 1993. Ecological benefits of the Conservation Reserve Program. Conservation Biology 7:132-139.
The Conservation Reserve Program was initiated in 1985 to reduce soil loss on highly erodible agricultural land. This stated objective of the program has been quite successful. However, there are other unintentional yet significant ecological benefits to the program that merit evaluation. These benefits include the reversal of landscape fragmentation, maintenance of regional biodiversity, creation of wildlife habitat, and favorable changes in regional carbon flux. These and other benefits should be used by policy makers and federal officials to maintain the program even after enrollment expectations have been achieved.

Dwyer, J. P., D. Wallace, and D. R. Larsen. 1997. Value of woody river corridors in levee protection along the Missouri River in 1993. Journal of the American Water Resources Association 33:481-489.

Following the Midwest flood of 1993, a study was initiated along a 39-mile segment of the Missouri River to determine if there was an association between woody corridors and levee stability. A systematic sample of levee failures revealed that primary levees which did not fail had a significantly wider woody corridor than failed levees. Analysis of the total inventory of failed levees revealed that as the width of the woody corridor decreased, the length of the levee failure increased. Number of levee failures and their severity of damage could be reduced if woody corridors were at least 300 feet wide.

Durst, J.D., and J.M. Ferguson. 2000. Buffer strip function and design: An annotated bibliography. Compiled for the Region III Forest Practices Riparian Management Committee. http://forestry.alaska.gov/pdfs/1LitBufferDesign8-7-00.pdf. Accessed June 17, 2009.
Natural forests adjacent to water bodies can contribute all of the ten habitat components listed in the FRPA, AS 41.17.115, which were discussed in the Introduction. The relative importance of each component to maintaining fish habitat and water quality varies with differences in the physical and other characteristics of the water body, such as stream width (or lake size), gradient, incision depth, bank characteristics, and average, seasonal, and peak flow. 

Research has demonstrated the importance of maintaining forested conditions along water bodies that are naturally forested. In the 1990s, this research began to be incorporated into forest practices-related laws and regulations. In Alaska, the FRPA, Tongass Timber Reform Act, and Tongass Land Management Plan (TLMP) revision each prescribe mandatory buffers for certain types of fish-bearing (and, in the case of TLMP, some non- fish-bearing) water bodies. Buffer widths vary, based on different water body classifications, which are in turn based on different physical stream characteristics, and the presence of anadromous fish. The TLMP standards use the classification of Paustian (1992). These buffers were designed for the relatively small stream systems found in Southeast Alaska. Murphy (1995) provides a good summary of buffer-related research conducted in Alaska, and riparian management recommendations that have been applied in Southeast Alaska. The Tongass Land Management Plan (1997) and the FRPA revisions of 1999 update Murphy’s summary of existing buffer standards. Some of the Southeast Alaska (and Pacific Northwest) research is applicable to streams and lakes in Interior Alaska that share similar physical characteristics.


There are five primary fish habitat-related functions of riparian forests. First, trees entering the stream through natural mortality due to senescence, wind throw, or bank erosion provide large woody debris (LWD) to the water body. LWD forms stream and fish habitat features, controls the movement of gravel and sediment, contributes energy to streams, and provides a substrate for the growth of organisms. Second, energy input to the stream is derived from leaf litter, macro- invertebrates, and other energy sources that fall from trees into the water body. Third, the forest acts to control water temperature, by shading in warm conditions, and by heat retention and wind reduction in cold conditions. Fourth, for streams and other water bodies having banks held in place by vegetation, trees provide stability to stream banks and floodplains. Fifth, riparian vegetation has been shown to function as a filter for sediment and pollutants from adjacent sites.


Buffers are, by definition, natural vegetation left along the banks of a water body in the course of conducting a land-disturbing activity. This definition implies that the buffer has a finite width, starting at the water body, and ending at some point where the activity occurs. The alteration of the vegetation beyond the edge of the buffer means that the buffer boundary is exposed to conditions different from those in the natural forest. The edge of the buffer receives more sunlight, and is exposed to prevailing winds. From a design standpoint, then, in addition to the buffer width that is appropriate for the site conditions, buffer stability is an issue. If the objective of leaving a buffer is to maintain a rate of LWD input plus bank or flood plain stability not significantly different from the natural rate or conditions, then any factors that lead to premature loss of the buffer are undesirable. Buffer blowdown (or windthrow), tree mortality from engraver beetles (Ips spp.) around harvest units, and rapid bank erosion along dynamic stream reaches can reduce the number of trees in a buffer, and decrease the recruitment pool for LWD. Reid and Hilton (1998), Steinblums, et al (1984) and others discuss this aspect of buffer design. The Tongass National Forest Land Management Plan (U.S. Forest Service, 1997) requires both a no-cut buffer and an additional area to be managed “to provide for a reasonable assurance of windfirmness.”


The utility of buffers for protecting fisheries habitat on reaches of larger river systems where banks are not held in place by vegetation, such as reaches of the Tanana, Kuskokwim, Yukon, and Porcupine Rivers in northern Alaska has not been studied as thoroughly as have smaller systems, where banks are either held in place by vegetation or controlled by bedrock. Two reasons for this lack of knowledge are that: 1) the role of LWD in larger rivers is not as well understood, and 2) LWD recruitment processes in these river systems are different from and more variable in both space and time than those in smaller, more stable streams.


To date, literature found by the Stream Classification Committee (SCC) suggests that LWD concentrations, such as jams, in large rivers may play an important role in stream morphology. This role contrasts with smaller, less dynamic streams, where wood often plays an important role in the area of the stream immediately adjacent to the point of input. For example, island, bar, and slough formation, and bank protection in larger rivers can all be initiated or maintained by concentrations of LWD. Therefore, the primary reason for leaving a buffer on such a system or reach may primarily be to provide wood to the stream system in general, rather than for the site where the tree enters the stream. For more information on the role of buffers in providing LWD to large rivers, see the SCC Large Woody Debris literature review, including the article by Abbe and Montgomery (1996), and Bryant and Sedell (1995).


The role of riparian forests (and buffers) and LWD in providing nutrients and other fish habitat-forming functions in large, dynamic river systems is also not well known. The articles by France et al. (1996), Wipfli (1997) and Piccolo and Wipfli (in press) discuss allochthonous input of nutrients such as leaf litter, macroinvertebrates, and wood from forest stands adjacent to streams.


The role of buffers in regulating stream temperature is well documented. Buffers for this purpose are routinely left in the Pacific Northwest and other areas of the continental U.S. Several references discuss this aspect of buffer function, including O’Laughlin and Belt (1995) and Johnson and Ryba (1992). Stream temperature regulation has been identified as an issue in Buffer Strip Design 5 7/6/ 00 the Interior with regard to low- gradient, slow flowing water bodies, such as backwater sloughs.

Buffer width for temperature regulation is primarily a function of tree height, sun angle, and

stream width.


Finally, the LWD recruitment processes along large rivers vary both spatially and temporally. Factors such as bank height, tree size, permafrost, channel complexity, seasonal flows, and natural rates of bank erosion make these processes both complex and dynamic. These factors make the proper prescription of buffers on larger, more dynamic stream systems more difficult, compared to smaller stream systems. The appropriate buffer prescription may vary over different reaches of a river, even though factors typically used for stream classification, such as width, depth, gradient, etc. may not change. Further, a prescription made at one point in time may only be appropriate for a limited period of time, as the stream or river characteristics often change.


In summary, while a “one size fits all” approach to buffers may work in many cases for smaller and more stable stream channel types, it is not likely that one riparian area management recommendation will be appropriate to all reaches of a larger, dynamic river system. Further, while there are some similarities, the reasons why buffers are appropriate on large river systems differ from those for smaller streams. In the short term, due to the lack of hard data on large rivers, these differences in buffer prescriptions will, to some extent, have to be inferred or deduced, based on what is known about natural processes on large, dynamic systems. The SCC has concluded that the most appropriate distinction to make in classifying stream systems for the purposes of applying buffers is whether the banks of the reach in question are held in place by vegetation and/or bedrock, or whether bank erosion by the stream is the dominant process. See the SCC Bank Stability literature review for more discussion of this point.


The following literature review includes references on the role and design of buffers on glacial and non-glacial, and large and small streams. However, most work that has been done on riverine systems has been on smaller non- glacial river systems, as the citations show. Bryant and Sedell (1995) provide additional references for work done on larger river systems.


The literature search used the following internet-based databases that are provided at no cost:

Water Resources Abstracts, Fish & Fisheries Worldwide, and Arctic & Antarctic Regions. A

few articles came from the ADF&G files in Juneau.
Dykes, S. 2005. Effectiveness of native grassland restoration in restoring grassland bird communities in Tennessee. MS Thesis, University of Tennessee, Knoxville, USA.

Fajardo, N., A.M. Strong, N.G. Perlut, and N.J. Buckley. 2009. Natal and Breeding Dispersal of Bobolinks (Dolichonyx oryzivorus) and Savannah Sparrows (Passerculus sandwichensis) in an Agricultural Landscape Auk 126:310–318
Dispersal is a key process in the metapopulation dynamics and genetic structure of spatially segregated populations. However, our knowledge of avian dispersal, particularly in migratory passerines, remains limited. We studied dispersal of Bobolinks (Dolichonyx oryzivorus) and Savannah Sparrows (Passerculus sandwichensis) to determine whether agricultural management practices affected dispersal patterns and habitat selection. From 2002 to 2006, we banded adults and nestlings on six focal hay fields and two pastures in the Champlain Valley of Vermont and New York and searched for banded birds within 1.5 km of Vermont field sites during two years. Natal dispersal distances were greater than breeding dispersal in both species, and breeding dispersal distances of Bobolinks were greater than those of Savannah Sparrows. Site fidelity was high in both species, with >80% of detected adults and 30% of detected natal dispersers returning to the same field in subsequent years. During natal dispersal, movement was random with respect to habitat quality. Adult Bobolinks dispersed to fields with annual reproductive rates greater than or equal to those of their original field; by contrast, adult Savannah Sparrows were more likely to move to or remain in low-quality habitats. During breeding dispersal, strong site fidelity took precedence over the effect of the previous year's nest success on the probability of dispersal, particularly for Savannah Sparrows. Site fidelity has implications for management of agricultural fields because consistency of cropping patterns and cutting dates are important for maintaining populations of these species.

Farrand, D.T., and M. R. Ryan. 2005. Impact of the Conservation Reserve Program on Wildlife Conservation in the Midwest. Pages 41-62 in J.B Haufler, editor. Fish and Wildlife Benefits of Farm Bill Conservation Programs 2000-2005 Update. USDA/Natural Resources Conservation Service. ftp://ftp-fc.sc.egov.usda.gov/NHQ/nri/ceap/fwbenefits4.pdf. Accessed 5 June 2009.
Evidence that the Conservation Reserve Program (CRP) created habitat used by grassland birds in the Midwest is unquestionable. Evidence also is accumulating that suggests CRP is used by a variety of other terrestrial wildlife species. Reproductive and population-level benefits have been demonstrated for some, but not all, avian species; evidence for other terrestrial wildlife is lacking. Wildlife response to CRP is a multi-scale phenomenon dependent upon vegetation structure and composition within the planting, practice-level factors such as size and shape, and its landscape context, as well as temporal factors. Thus, the benefits of CRP and the impacts of recent programmatic changes are location- and species-specific. Overall, CRP habitat in the Midwest likely contributes to the population stability and growth of many, but not all, grassland wildlife species.
Fennessy, M. S., and J. K. Cronk. 1997. The effectiveness and restoration potential of riparian ecotones for the management of nonpoint source pollution, particularly nitrate. Critical Reviews in Environmental Science and Technology 27:285-317.
The interface found where rivers meet terrestrial systems is an ecotone that has a profound influence on the movement of water and waterborne contaminants. Maintaining or restoring ecotone functions and characteristics such as natural near stream vegetation and channel morphology are important means to safeguard water quality in agricultural landscapes. A riparian buffer zone of 20 to 30 m width can remove up to 100% of incoming nitrate. Denitrification is the major pathway of removal and rates depend on nitrate loadings, carbon availability, and hydrology. Denitrification occurs throughout the year as long as subsurface hydrology is intact, whereas plant uptake of nitrogen is limited to seasonal removal. Nitrate removal is favored in forested areas with subsurface flow and is less in grassed areas with surface flow. The balance between surface and subsurface flows and the redox conditions that result are critical to nitrate removal in riparian ecotones. Surface retention of nutrients and sediment is a function of slope length and gradient, vegetation density, and flow rates. Plant communities play a major role in nitrogen cycling by acting as a source of carbon for denitrifying bacteria, direct uptake of nutrients, and creating oxidized rhizospheres where nitrification can occur. Restoration of riparian zones requires knowledge of the area's hydrology and ecology, as well as clear goals for the project. Restoration of riparian zones for water quality improvement may provide higher economic benefits tha n allocating the same land to crops. While it is possible to restore the functions of natural floodplain systems, existing restoration techniques are in their infancy and success cannot be guaranteed, especially given the extent of hydrological modification that has occurred in most developed countries.

Fenske-Crawford, T.J. and G.J. Niemi. 1997. Predation of artificial ground nests at two types of edges in a forest-dominated landscape. Condor 99:14-24.

Artificial ground nests were placed in medium-age or older forests adjoining (a) stands of regenerating forest (vegetation < 2 m high) where ‘hard’ edges were created, and (b) stands of young forest (vegetation 2-8 m high) where ‘soft’ edges were created. Nests were placed at three distances from the forest edge (0 m, 50 m, and 100 m). Two Northern Bobwhite Quail (Colinus virginianus) eggs were placed in each nest and monitored after 7 and 14 days of exposure between late May and mid-July, 1994.

Overall nest predation was 72% after 7 days and 85% after 14 days of exposure. Predation near soft edges was significantly higher than near hard edges after both 7 and 14 days of exposure. Predation near the edges was significantly higher than away from the edges after both 7 and 14 days of exposure. Two motion-sensitive cameras were used to record the identity of predator species. Cameras documented 28 predation events during 1,728 hours of operation, caused by eight species of mammals. The predators included, in order of decreasing predation: fisher (Murtes pennanti), Eastern chipmunk (Tumias striatus), red-backed vole (Clethrionomys gapperi), red squirrel (Tamiasciurus hudsonicus), deer mouse (Peromyscus maniculutus), black bear (Ursus americanus), gray squirrel (Sciurus carolinensis), and striped skunk (Menhitis menhitis). The relationship between edges, predator assemblages, and nest success is complex; more studies at the landscape level are required to better understand the effects of these factors on avian population dynamics.
Fischer, R. A. 2000. Width of riparian zones for birds. EMRRP Technical Notes Collection (ERDC TN-EMRRP-SI-09), U.S. Army Engineer Research and Development Center, Vicksburg, MS. www.wes.army.mil/el/emrrp. 
Fischer, R. A., and J.C. Fischenich. 2000. "Design recommendations for riparian corridors and vegetated buffer strips," EMRRP Technical Notes Collection (ERDC TN-EMRRP-SR-24), U.S. Army Engineer Research and Development Center, Vicksburg, MS. www.wes.army.mil/el/emrrp. 
Fletcher, R. J., Jr., and R. R. Koford. 2002. Habitat and landscape associations of breeding


birds in native and restored grasslands. Journal of Wildlife Management 66:


1011-1022.

In the midwestern United States, less than 1% of the original tallgrass prairie ecosystem remains. State and federal agencies have responded to this habitat loss with programs and land acquisition that have increased the amount of grassland on the landscape by restoring grassland from other land-use practices. We assessed the effects of habitat restoration and the relative contribution of local habitat and landscape factors on breeding grassland birds in northern Iowa. During the 1999 and 2000 breeding seasons, we surveyed grassland birds in 10 tallgrass prairies and 10 restored grasslands that contained a wide diversity of habitat and landscape conditions. Densities of common bird species were similar between habitat types, except for grasshopper sparrows (Ammodramuss avan-narum) and savannah sparrows (Passerculus sandwichensis), which were 4 and 9 times more dense in restored grass-lands, respectively. Species richness of breeding birds was similar between habitat types. Habitat structure was dif-ferent in prairies and restored grasslands; restored grasslands had 7% less total vegetation cover and 3% more bare ground. A nested, multiscale analysis indicated that habitat structure explained some variation in species richness and bird density of all common species, yet addition of landscape structure improved models for species richness and for density of 4 of 8 species considered, explaining an additional 10-29% of the variation. Edge-density met-rics were the most common variables entering into landscape models; most species had lower densities in land-scapes with high edge density. Our results indicate that restored grassland habitats contain bird communities gen-erally similar to those in native prairie habitats in northern Iowa, suggesting that restored grasslands may provide similar habitat suitability for most grassland birds. In addition, both local habitat and landscape factors can be important for managing breeding grassland birds.
France, R. L. 1997. Potential for soil erosion from decreased litterfall due to riparian clearcutting: Implications for boreal forestry and warm- and cool-water fisheries. Journal of Soil and Water Conservation 52:452-455.

One of the most overt consequences of catchment clearcutting is increased soil erosion, which can seriously affect fish stocks. Riparian stands around 10 northwestern Ontario lakes, clearcut 4 to 10 years previously, were found to produce only 60% of the litterfall of nearby uncut riparian forests. As a result of this decrease in protective ground surface cover, the retention of organic duff within deployed mesh-bags, was significantly reduced in clearcut riparian zones. A rainfall simulation experiment further suggested that the erosion of sandy loam can be twice as great under litterfall conditions representative of clearcut, compared to forested shorelines. Due to the potential for increased soil erosion from clearcutting, Ontario should consider a return to its pre-1985 policy of preventing timber harvesting around "warm- " and "cool-water" lakes that contain percid and esocid sportfish and often support a lucrative commercial cyprinid baitfishery.

France, R., H. Culbert, and R. Peters. 1996. Decreased carbon and nutrient input to boreal lakes from particulate organic matter following riparian clear-cutting. Environmental Management 20:579-583.
The plankton communities of oligotrophic Canadian Shield lakes are strongly regulated by the allochthonous supply of total phosphorus (TP) and dissolved organic carbon (DOC), a proportion of both of which originate from particulate organic matter. Although decreased inputs of allochthonous leaf litter have been documented for small streams whose riparian forests have been removed, no such data exist for boreal lakes. Through estimates of airborne litter input from forested and clear-cut shorelines and laboratory measurements of concentrations released from leaf leachate, we determined that riparian deforestation resulted in reductions of DOC from 17.8 to 0.4 g/m shoreline/yr and of TP from 2.9 to 0.3g/m shoreline/yr. Previous predictive models indicate that such reductions may be substantial enough to decrease basic metabolic processes of lake plankton communities by as much as 9% in primary production and 17% in respiration.
France, R., R. Peters, and L. McCabe. 1998. Spatial relationships among boreal riparian trees, litterfall and soil erosion potential with reference to buffer strip management and coldwater fisheries. Annales Botanici Fennici 35:1-9.

Litter cover is known to protect ground surfaces from raindrop impact and therefore reduces soil erosion. Significant differences were found to exist in the abundance, composition and size of trees, in their litter production rates, and in the resulting potential for soil erosion of the foreshore (0-20 m from shorelines) compared with the backshore (20-50 m upslope) regions of riparian zones around four boreal lakes located in northwestern Ontario, Canada. These findings support a global pattern wherein litter production adjacent to waterbodies is often considerably reduced compared with that characteristic of upland forests. This study therefore raises questions of the presumed effectiveness of existing forestry guidelines concerning widths of protective buffer strips around boreal, coldwater lakes in Ontario, which are presently based on an erroneous assumption of uniform tree cover and litterfall throughout riparian zones.
Frissell C. A., W. J. Liss, C. E. Warren, and M. D. Hurley. 1986. A hierarchical framework for stream habitat classification: viewing streams in a watershed context. Environmental Management 10:199-214.

Classification of streams and stream habitats is useful for research involving establishment of monitoring stations, determination of local impacts of land-use practices, generalization from site-specific data, and assessment of basin-wide, cumulative impacts of human activities on streams and their biota. This article presents a framework for a hierarchical classification system, entailing an organized view of spatial and temporal variation among and within stream systems. Stream habitat systems, defined and classified on several spatiotemporal scales, are associated with watershed geomorphic features and events. Variables selected for classification define relative long-term capacities of systems, not simply short-term states. Streams and their watershed environments are classified within the context of a regional biogeoclimatic landscape classification. The framework is a perspective that should allow more systematic interpretation and description of watershed-stream relationships.

Fry, G.L.A. 1991. Conservation in agricultural ecosystems. Pages 415-443 in I.F. Spellerberg, F.B. Goldsmith and M.G. Morris, editors. The scientific management of temperate communities for conservation. Blackwell Scientific Publications, Oxford, Great Britain.

Protected areas alone cannot achieve conservation goals such as maintenance of biological diversity. Incorporation of conservation measures in farm management will demand clear recommendations based on sound theory and evidence gained through practical trials. Maintenance or enhancement of habitat quality for a wider range of plants and animals will require better understanding of ecological processes at the site, field and landscape levels. Lack of understanding of the processes involved in animal distribution and the way in which species use corridors and what constitutes barriers is a constraint in designing and managing habitats. High connectivity in a landscape is one buffer against effects of habitat fragmentation so that isolated subpopulations link to form metapopulations which are less vulnerable to local extinction processes.


One limitation of many investigations of habitat and wildlife on farmland is alack of regard to management of the next field or surrounding landscape. The abundance of many species comprising animal communities on farmland are controlled largely by a few environmental factors. Both the timing and severity of agricultural practices are important factors governing the potential of agricultural lands as wildlife habitat. 


Extending width of field margins farther into the crop is one way of increasing habitat diversity on arable lands. Management decisions often will need to be made without thorough assessment of the impacts on wildlife.
GILBERT-NORTON, L., WILSON, R., STEVENS, J. R. and BEARD, K. H. (2010), A Meta-Analytic Review of Corridor Effectiveness. Conservation Biology, 24: 660–668. http://onlinelibrary.wiley.com/doi/10.1111/j.1523-1739.2010.01450.x/pdf 

Abstract: Using corridors for conservation is increasing despite a lack of consensus on their efficacy. Specifically, whether corridors increase movement of plants and animals between habitat fragments has been addressed on a case-by-case basis with mixed results. Because of the growing number of well-designed experiments that have addressed this question, we conducted a meta-analysis to determine whether corridors increase movement; whether corridor effectiveness differs among taxa; how recent changes in experimental design have influenced findings; and whether corridor effectiveness differs between manipulative and natural experiments. To conduct our meta-analysis, we analyzed 78 experiments from 35 studies using a conservative hierarchical Bayesian model that accounts for hierarchical and sampling dependence. We found a highly significant result that corridors increase movement between habitat patches by approximately 50% compared to patches that are not connected with corridors. We found that corridors were more important for the movement of invertebrates, nonavian vertebrates, and plants than they were for birds. Recent methodological advances in corridor experiments, such as controlling for the area added by corridors, did not influence whether corridors increased movement, whereas controlling for the distance between source and connected or unconnected recipient patches decreased movement through corridors. After controlling for taxa differences and whether studies controlled for distance in experimental design, we found that natural corridors (those existing in landscapes prior to the study) showed more movement than manipulated corridors (those created and maintained for the study). Our results suggest that existing corridors increase species movement in fragmented landscapes and that efforts spent on maintaining and creating corridors are worthwhile.

Gill, D.E., P. Blank, J. Parks, J.B. Guerard, B. Lohr, E. Schwartzman, J.G. Gruber, G. Dodge,


C.A. Rewa, and H.F. Sears. 2007. Plants and breeding bird response on a managed


Conservation Reserve Program grassland in Maryland. Wildlife Society Bulletin 34:944-956.

Currently over 14.6 million ha of land at an annual cost of US$1.76 billion are enrolled in the Conservation Reserve Program (CRP).The habitat benefits of CRP frequently are lauded, but documentation that wildlife is responding as hoped is urgently needed. We evaluated plant and breeding bird responses to 92.4 ha of CRP grasslands at Chino Farms in northeastern Maryland, USA. In 1999 we seeded 12 contiguous CRP fields with 5 mixtures of warm-season grasses representing various growth-form heights in a replicated experimental design, and used mowing and topical herbicide applications to control noxious weeds and facilitate stand establishment. In 6 years cumulative plant species richness increased to 261, 105 of which were species exotic to the region. During the third growing season, we initiated a schedule of prescribed burning on a 3-year rotation to remove accumulated litter and to retard woody succession, and in 2003 we added additional management to control aggressive plant species. Several at-risk bird species colonized the restored grasslands in the first year and established sustainable breeding populations. We implemented a comprehensive observation and banding program, which included mapping male territories for selected bird species and recording nest locations. We marked 1,985 grasshopper sparrows (Ammodramus savannarum; GRSPs) in 7 years. Breeding GRSP populations ranged annually from 70 to 90 socially monogamous pairs with an additional 40 non-territorial males. Annual return rates in the last 5 years were 57% for adult males, 41% for adult females, and 12% for hatch-year individuals. Adults and young birds exhibited high site fidelity, but overgrown fields left unburned for 2–3 years were unpopulated by GRSPs but attracted several shrub-land bird species. Habitat preference for territories was influenced more by vegetation structure than by plant species composition. We recommend the management of grasslands restored for birds include spatial and temporal rotation of prescribed fire and herbicide applications to sustain vegetation physical structure rather than species composition. 

Gilliam, J. W. 1994. Riparian wetlands and water quality. Journal of Environmental Quality 23:896-900.

Because of wet soils adjacent to the streams, riparian buffers are frequently present between farming and urban activities on the uplands and small streams. These riparian areas have been shown to be very valuable for the removal of nonpoint-source pollution from drainage water. Several researchers have measured > 90% reductions in sediment and nitrate concentrations in water flowing through the riparian areas. The riparian buffers are less effective for P removal but may retain 50% of the surface-water P entering them. I consider riparian buffers to be the most important factor influencing nonpoint-source pollutants entering surface water in many areas of the USA and the most important wetlands for surface water quality protection.
Granfors, D. A. 1992. The impact of the conservation reserve program on eastern meadowlark production and validation of the eastern meadowlark habitat suitability index model. MS thesis. Texas Tech Univ. Lubbock. 98 pp.

Eastern meadowlark productivity compared between CRP land and rangelands in Lyon county Kansas. Nests in CRP fields had lower cowbird parasitism, larger clutch sizes and higher hatch rates than nests in pastures. Cowbird parasitism appears to be a major cause of lowered productivity of meadowlark nests. Eastern meadowlarks selected for less dense litter and more homogenous vegetation structure in both land use types. Nests in CRP fields had higher proportion of grass than was available in random sites. Residual cover was greater near nests in CRP fields. 


Relationships between HSI values and eastern meadowlark densities was poor due primarily high densities of meadowlarks in fields with high forb coverage. Relationships improved when HSI values and densities were averaged over the three years of the study. No discernible relationship between western meadowlark densities and the eastern meadowlark model. 

Granfors, D. A., K. E. Church, L. M. Smith. 1996. Eastern meadowlark nesting in rangelands and Conservation Reserve Program fields in Kansas. Journal of Field Ornithology 67:222-235.

Comparison of microhabitat, nest-site selection and nest success on Kansas rangelands and CRP. Daily nest survival rates and numbers fledged per female did not differ significantly between land use types. Mowing CRP fields was source of nest failure and induced adults to abandon some fields. CRP had significantly higher values for depth and density of litter cover, taller herbaceous canopy, less herbaceous cover and more standing dead cover than rangelands. CRP has increased the diversity of available nesting habitats. Meadowlarks selected sites with greater litter cover, higher proportion of grass, more uncompacted litter, and more structural homogeneity that on random plots. Delay of mowing and burning recommended to enhance and maintain habitat suitability in CRP fields.


Management recommendations: mowing caused undesirable build up of litter and, depending on time of year, may cause abandonment of fields and direct failure of nest. Partial mowing of fields recommended over complete mowing of field. Spot mowing after July 15 recommended. Disadvantage of grazing is increased probability of trampling and attracting cowbirds. Prescribed burning can reduce litter and increase the proportion and vigor of native grasses while decreasing percentage of cool-season grasses and forbs. Recommend spring burning every 3-4 years. May cause temporary early-season loss in habitat quality but increased grass cover and reduction of litter should enhance quality in later season and subsequent years. 

Greenfield, K.C., L.W. Burger, and M.J. Chamberlain. 2001. Herbicide and prescribed fire as habitat management tools for northern bobwhite in Conservation Reserve Program fields. Proceedings of the Annual Conference of the Southeastern Association of Fish and Wildlife Agencies 55:445–455.

Kentucky-31 tall fescue (Festuca arundicacea) was a common planting established on Conservation Reserve Program (CRP) fields throughout the southeastern United States during the late 1980s and 1990s. Fescue-dominated grassland communities on CRP fields offer poor quality nesting, brood-rearing, and foraging habitat for northern bobwhite (Colinus virginianus) because of dense vegetation, high litter cover, low bare ground, and low plant diversity. Herbicide applications have been shown to reduce fescue and release early successional plant communities, and therefore may enhance bobwhite habitat quality. However, the relative efficacy of herbicide used in conjunction with fire has not been investigated. We tested singular and joint effects of herbicide (glyphosate) application and burning on vegetation in fescue CRP fields in east Mississippi. We tested the following 4 treatments: spring glyphosate application, spring burn, spring burn and glyphosate application, and control. All manipulations modified plant communities and enhanced bobwhite brood-rearing habitat to varying degrees. Spring burn increased bare ground and decreased litter cover (P_0.05). Spring herbicide application increased forbs, legumes, and annual weeds, but decreased grass and fescue canopy (P_0.05). Spring burn/herbicide application increased forbs, legumes, annual weeds, and bare ground but decreased grass canopy, fescue canopy, and litter cover (P_0.05). Canopy coverage of bobwhite food plants was greatest in spring burn/herbicide (P_0.05). Herbicide applied alone and in conjunction with burning enhanced bobwhite brood-rearing habitat in fescue CRP fields in east Mississippi by promoting early successional plant communities. This information has implications for implementation of wildlife management in federal agricultural multiple-year land retirement programs and other cool season grasslands not enrolled in federal programs.
Greenfield, K.C., L.W. Burger, Jr., M.J. Chamberlain, and E.W. Kurzejeski. 2002. Vegetation management practices on Conservation Reserve Program fields to improve northern bobwhite habitat quality. Wildlife Society Bulletin 30:527–538.
Since 1985, an annual average of more than 14 million ha of very erodible cropland has been removed from production and enrolled in perennial grass practices under the Conservation Reserve Program(CRP).The rate of changes in plant communities on CRP fields can be modified (intentionally or accidentally) by disturbance-management regimes. Throughout the Midwest and Southeast, habitat quality for early successional and grass-land species may decline as CRP grasslands age, but premeditated disturbance regimes may enhance and maintain habitat quality for these species. However, concerns regarding perceived conflicts between wildlife habitat and soil erosion objectives of the CRP persist among United States Department of Agriculture (USDA)and Natural Resources Conservation Service (NRCS)personnel. Therefore, we evaluated effects of strip-discing on vegetation structure and composition and soil erosion in tall fescue (Festuca arundiacea) and orchardgrass (Dactylis glomerata) CRP fields in Missouri. We interpreted vegetation response in the context of habitat quality for a socially and economically important species, the northern bobwhite quail (Colinus virginianus). Fall discing generally increased percentage bare ground and plant diversity and decreased percentage litter cover and litter depth. However, plant community response and duration of effects differed between fescue and orchard grass fields. Gains in habitat quality in fescue fields were minimal and short-lived, whereas enhancements in orchardgrass fields were substantial and longer-lived. Overall, fall discing enhanced bobwhite habitat quality, but responses diminished by the second growing season post-treatment, especially in CRP fields planted to fescue. Soil-loss potential, as estimated by the Revised Universal Soil Loss Equation (RUSLE2), was well within USDA tolerable limits for all treatments. Our findings indicated that discing intensity on CRP fields could be increased by 2-3 times without compromising soil erosion provisions of CRP. Therefore, we suggest that strip-discing on a 2- to 3-year rotation should be a permissible and encouraged practice to maintain early succession plant communities on CRP fields in the Midwest and Southeast.
Greenfield, K.C., M.J. Chamberlain, L.W. Burger, Jr., and E.W. Kurzejeski. 2003. Effects of burning and discing Conservation Reserve Program fields to improve habitat quality for northern bobwhite (Colinus virginianus). American Midland Naturalist 149:344–353.

Since 1985 considerable expanses of highly erodible cropland have been enrolled in the Conservation Reserve Program (CRP). Areas enrolled in CRP provide wildlife habitat; however, habitat quality and specific resources on these sites vary in relation to seasonal biological processes of target wildlife species, planted cover and vegetation succession. Throughout the southeastern United States habitat quality for early successional species, such as northern bobwhite (Colinus virginianus), may decline as CRP grasslands age. Although disturbance may enhance and maintain habitat quality for bobwhite, concerns regarding perceived conflicts between wildlife habitat and soil erosion objectives of the CRP persist. During 1995 and 1996 we evaluated effects of strip-discing or prescribed burning on vegetation structure and composition and soil erosion in fescue (Festuca arundiacea) dominated CRP fields in Mississippi. Fall discing generally increased percentage bare ground and plant diversity and decreased percentage litter cover and litter depth. Fall discing enhanced bobwhite habitat quality, but responses diminished by the second growing season post treatment. Burning increased plant diversity and improved quality of habitat for bobwhite. Soil loss for all treatments was within United States Department of Agriculture tolerable limits. Discing or burning intensity on CRP fields could be increased without compromising soil erosion provisions of CRP.
Gruchy, J.P. 2007. An Evaluation of Field Management Practices to Improve Bobwhite Habitat. MS Thesis. University of Tennessee, Knoxville. http://www.cfr.msstate.edu/nbci/documents/Gruchy_thesis.pdf. Accessed August 4, 2009.
Hall, L. E. 2005. Avian nest survival and snake abundance in restored and remnant


grasslands in northwestern Iowa. MS Thesis, Iowa State University, Ames, Iowa, USA.
Hamrick, R., W. Burger, D. Godwin. 2006. Mississippi’s Conservation Reserve Program, CP33 – Habitat Buffers for Upland Birds Breeding Season Bird Count Report: Summer 2006. Unpubl. report. 
In response to declining bobwhite populations, the Southeast Quail Study Group advocated establishment of a native grass habitat buffer practice specifically for bobwhite and other grassland wildlife under the Conservation Reserve Program (CRP). The USDA-Farm Service Agency (FSA) responded by approving a new CRP continuous signup practice, CP33 – Habitat Buffers for Upland Birds, designed to benefit declining quail and grassland songbird populations. Each of the 35 states receiving a CP33 buffer allocation is responsible for monitoring bird populations on a sample of CP33 contracts. Mississippi State University, cooperating with the Mississippi Department of Wildlife, Fisheries and Parks, Mississippi FSA, and Mississippi USDA-Natural Resources Conservation Service (NRCS) was responsible for implementing Mississippi’s CP33 monitoring plan. A random sample of Mississippi’s CP33 contracts were drawn from the FSA CRP contract database. The current monitoring project is being conducted in 9 counties (Calhoun, Chickasaw, Clay, Coahoma, Itawamba, Monroe, Newton, Prentiss, and Union counties) throughout Mississippi. During June 2006, bird populations were monitored by breeding bird call-count surveys. All calling male birds (of all species) were recorded at an established point along the field edge for a 10-minute interval. Fields that were enrolled in CP33 habitat buffers were considered treatment fields, and non-CP33 fields were considered control fields. Bird populations were monitored on 40 CP33 fields and 40 control fields (2 replicate counts were conducted at 95% of fields). Mississippi is primarily represented by 2 Bird Conservation Regions (BCR), the Mississippi Alluvial Valley (MAV) and the Southeastern Coastal Plain (SCP) BCRs. Because of differences in land use and landscape composition in these regions, we analyzed the results of our bird monitoring in the MAV and SCP separately to determine if there were any differences in bird response between the 2 regions. There were fewer species detected in the MAV than in the SCP. There were slightly fewer species detected at control sites than CP33 sites in both BCRs. In the MAV, we detected 35 and 39 different species at control and CP33 sites, respectively, during the 2006 breeding season. In the SCP, we detected 50 and 59 different species at control and CP33 sites, respectively. Five priority species were chosen for evaluation in the MAV and SCP BCRs, and these included Dickcissel, Eastern Kingbird, Eastern Meadowlark, Indigo Bunting, and Northern Bobwhite. Eastern Kingbirds were not detected in sufficient numbers to estimate meaningful relative abundance. No Eastern Kingbirds were recorded in the MAV, and only 13 Eastern Kingbirds were recorded in the SCP. Mean Northern Bobwhite and Dickcissel relative abundance was much greater (with variation) at CP33 sites than control sites in both BCRs. Northern Bobwhite counts were about 2 times greater at CP33 sites than control sites in both the MAV and SCP. Dickcissel counts were about 1.7 and 3 times greater at CP33 sites than control sites in the MAV and SCP, respectively. Eastern Meadowlark and Indigo Bunting relative abundance did not differ as dramatically between CP33 sites and control sites in both BCRs. These first-year survey results provide somewhat baseline population estimates for bobwhite and songbird species. Although there was variation in avian relative abundance among the BCRs and control and CP33 sites, CP33 buffer habitats appear to produce positive benefits to several high priority breeding bird species. As vegetative structural cover in CP33 buffers continues to improve in subsequent years, it is expected that more positive population effects will be measured.
Harper, E.B., T.A.G. Ritttenhouse, and R.D. Semlitsch. 2008. Demographic Consequences of Terrestrial Habitat Loss for Pool-Breeding Amphibians: Predicting Extinction Risks Associated with Inadequate Size of Buffer Zones. Conservation Biology 22:1205-1215.

Much of the biodiversity associated with isolated wetlands requires aquatic and terrestrial habitat to maintain viable populations. Current federal wetland regulations in the United States do not protect isolated wetlands or extend protection to surrounding terrestrial habitat. Consequently, some land managers, city planners, and policy makers at the state and local levels are making an effort to protect these wetland and neighboring upland habitats. Balancing human land-use and habitat conservation is challenging, and well-informed land-use policy is hindered by a lack of knowledge of the specific risks of varying amounts of habitat loss. Using projections of wood frog (Rana sylvatica) and spotted salamander (Ambystoma maculatum) populations, we related the amount of high-quality terrestrial habitat surrounding isolated wetlands to the decline and risk of extinction of local amphibian populations. These simulations showed that current state level wetland regulations protecting 30 m or less of surrounding terrestrial habitat are inadequate to support viable populations of pool-breeding amphibians. We also found that species with different life-history strategies responded differently to the loss and degradation of terrestrial habitat. The wood frog, with a short life span and high fecundity, was most sensitive to habitat loss and isolation, whereas the longer-lived spotted salamander with lower fecundity was most sensitive to habitat degradation that lowered adult survival rates. Our model results demonstrate that a high probability of local amphibian population persistence requires sufficient terrestrial habitat, the maintenance of habitat quality, and connectivity among local populations. Our results emphasize the essential role of adequate terrestrial habitat to the maintenance of wetland biodiversity and ecosystem function and offer a means of quantifying the risks associated with terrestrial habitat loss and degradation.
Harr, R.N. 2005. Breeding bird, invertebrate, and wetland plant seed responses to USDA Farmable Wetland Program restorations in north-central Iowa and eastern South Dakota. MS Thesis, Iowa State University, Ames, USA.

Harr, R.N. and W.L. Hohman. 2009. Local and Landscape Factors Affecting Grassland Songbird, Invertebrate, and Plant Seed Occurrences in Small, Recently Restored, Temporary Wetlands in North-Central Iowa. NRCS Technical Note. Proposed directive August/September, 2008.

Harr, R.N. In preparation. Breeding bird community responses to temporary wetland restorations in north-central Iowa. Wetlands

Harr, R.N. In preparation. Aquatic invertebrate and seed occurrences in temporary wetland restorations in north-central Iowa. American Midland Naturalist. 

Harr, R.N. In preparation. Breeding waterfowl and ring-necked pheasant responses to temporary wetland restorations in eastern South Dakota. Prairie Naturalist.

Hawrot, R.Y. and G.J. Niemi. 1996. Effects of edge type and patch shape on avian communities in a mixed conifer-hardwood forest. Auk 113:586-598.
Forest bird communities were sampled along line transects in northwestern Wisconsin during June of 1985 through 1992 to determine whether edge type and patch shape affect avian abundance. Landscape structural characteristics quantified along these transects included: (1) edges that defined the habitat patches they separated, (2) fractals to quantify patch shapes, and (3) areal extent of different patches. Three multiple-regression models w ere constructed for 10 bird species and the mean number of individuals and species using the following sets of independent variables: (1) edge variables and fractals, (2) area variables, and (3) the first six components from a principal components analysis based on all independent variables. Multiple-regression analysis indicated that edge variables and fractal dimension explained the most variation in abundance for Black-capped Chickadees (Parus atricapillus) Red-breasted Nuthatches (Sitta canadensis), Hermit Thrushes (Catharus guttatus), and American Robins (Turdus migratorius). In contrast, area variables explained the most variation in abundance for Red-eyed Vireos (Vireo olivaceus), Chestnut-sided Warblers (Dendroica pensylvanica), and Ovenbirds (Seiurus aurocapillus). Abundances of Yellow-bellied Flycatchers (Empidonax flaviventris), Common Yellowthroats (Geothlypis trichas), and White-throated Sparrows (Zonotrichia albicollis) were equally correlated with both edge and area variables. Results of our study show that, for selected species, forest management strategies must be developed that consider not only stand characteristics, but also the edges created between these stands

Heard, L.P., A.W. Allen, L.B. Best, S.J. Brady, W. Burger, A.J. Esser, E. Hackett, D.H. Johnson, R.L. Pederson, R.E. Reynolds, C. Rewa, M.R. Ryan, R.T. Molleur, and P. Buck. 2000. A comprehensive review of Farm Bill contributions to wildlife conservation, 1985-2000. W.L. Hohman and D. J. Halloum, editors. USDA Natural Resources Conservation Service, Wildlife Habitat Management Institute Technical Report USDA/NRCS/WHMI-2000. 208 pp. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/CompRev/. Accessed August 6, 2009.
Heard, L.P., A.W. Allen, L.B. Best, S.J. Brady, W. Burger, E. Hackett, R.R. Helinski, W.L. Hohman, D.H. Johnson, R.L. Pederson, R.E. Reynolds, C. Rewa, M.R. Ryan,  2001. The History, Status and Future Needs of Fish and Wildlife Management on Private Lands as Related to USDA Agricultural Programs. Transactions of the North American Wildlife and Natural Resources Conference 66:54-67.

Hein, C.D., K.V. Miller, and S.B. Castleberry. 2009. Evening Bat Summer Roost-Site Selection on a Managed Pine Landscape. Journal of Wildlife Management 73:511–517.

 Abstract

Creation and maintenance of forested corridors to increase landscape heterogeneity has been practiced for decades but is a new concept in intensively managed southern pine (Pinus spp.) forests. Additionally, more information is needed on bat ecology within such forest systems. Therefore, we examined summer roost-site selection by evening bats (Nycticeius humeralis) in an intensively managed landscape with forested corridors in southeastern South Carolina, USA, 2003–2006. We radiotracked 53 (26 M, 27 F) adult evening bats to 75 (31 M, 44 F) diurnal roosts. We modeled landscape-level roost-site selection with logistic regression and evaluated models using Akaike's Information Criterion for small samples. Model selection results indicated that mature (≥40 yr) mixed pine–hardwood stands were important roost sites for male and lactating female evening bats. Upland forested corridors, comprised of mature pine or mixed pine–hardwoods, were important roosting habitats for males and, to a lesser extent, lactating females. Male roosts were farther from open stands and lactating female roosts were farther from mid-rotation stands than randomly selected structures. Our results suggest roost structures (i.e., large trees and snags) in mature forests are important habitat components for evening bats. We recommend maintaining older (>40 yr old) stand conditions in the form of forest stands or corridors across managed landscapes to provide roosting habitat. Furthermore, our results suggest that an understanding of sex-specific roost-site selection is critical for developing comprehensive guidelines for creating and maintaining habitat features beneficial to forest bats.

Henningsen, J.C. 2003. Grassland bird use of riparian filter strips in southeast Iowa. MS Thesis, Iowa State University, Ames, USA.

Henningsen, J.C. 2007. Grassland Bird Use of Iowa Filter Strips in Relation to Width, Planting Mixture, and Presence of Woody Plants. NRCS Technical Note. http://policy.nrcs.usda.gov/media/pdf/tn_b_64_a.pdf. Accessed January 3, 2007.

Henningsen, J.C. and L.B. Best. 2005. Grassland bird use of riparian filter strips in southeast Iowa. Journal of Wildlife Management 69:198-210.

The U.S. Department of Agriculture (USDA) under its Continuous Enrollment Conservation Reserve

Program (CRP) has actively promoted establishment of conservation buffers. Although these programs are intended to benefit wildlife in addition to protecting soil and water resources, benefits to grassland birds may be compromised by narrow widths, presence of woody vegetation, and high predation pressure. During 2001 and 2002, we surveyed breeding grassland birds and searched for nests in 33 CRP filter strips that varied in planting mixture (cool-season vs. warm-season grasses) and adjacent edge type (non-wooded vs. wooded). The most abundant species in filter strips were red-winged blackbird (Agelaius phoeniceus), dickcissel (Spiza americana), song sparrow (Melospiza melodia), and common yellowthroat (Geothlypis trichas). Relative abundances of birds and nests were similar between cool-season and warm-season planting mixtures. Dickcissels and red-winged blackbirds and their nests were relatively less abundant at wooded than non-wooded sites. Our nest success estimates generally were low in all treatments, and nest success varied little with the variables we studied. Predation was the major cause of nest failure; 62% of all nests were depredated. Although the most common birds using filter strips are generalists, filter strips also have potential to provide breeding habitat for some species of management concern.
Herkert, J. R. 1994. Breeding bird communities of Midwestern prairie fragments: the effects of prescribed burning and habitat area. Natural Areas Journal 14:128-135.

Study competed in Illinois. Comparison of relative importance of habitat area and prescribed burning showed that habitat area had a much greater influence on breeding bird community composition than prescribed burning. Large prairie fragments must be managed to provide a mosaic of burned and unburned areas to ensure the availability of suitable habitat for species experiencing significant population declines and predominately restricted to large grassland areas. Benefits of burning include increased in above ground plant biomass which may provide greater concealment for nests thereby decreasing predation success. Higher densities of insects also present in burned prairies as compared to unburned prairies. Management of large fragments of prairie is more complex than that of smaller fragments due to the presence of burn-sensitive species. The habitat require¬ments of these species can be addressed by providing a mosaic of habitat types. General guidelines; conduct prescribed burns on large prairie fragments (>80 ha) on rotation of 20-30% of area annual¬ly. On small fragments larger percentage may be burned but probably should not exceed 50-60% of area, especially if burn sensitive species are present. 

Herkert, J. R. 1994. The effects of habitat fragmentation on Midwestern grassland bird communities. Ecological Applications 4:461-471.

Breeding bird species richness patterns significantly increased with fragment size. Eight of 15 bird species had distributions among fragments¬¬ influenced by habitat area. Estimates of minimal area require¬ments for five area sensitive species ranged from 5 to 55 ha. Absence of area sensitive grassland bird species from some small fragments may result from limited availability of habitat. All five area sensitive species regularly avoided structurally suitable habitat on small grassland fragments. Habitat fragmentation is likely to have caused Midwestern grassland bird declines especially for area-sensitive species. Both area and vegetation structure significantly influence Midwestern grassland bird populations. Management directed toward minimizing breeding season disturbances and controlling features that attract nest predators, woody encroachment, and attention to needs of area sensitive species would be major benefits to Midwestern grassland birds. Local or regional extinctions are likely if loss and fragmentation of Midwestern grassland habitat continues.

Herkert, J. R.. 1998. The influence of the CRP on grasshopper sparrow population trends in the mid-continental United States. Wildlife Society Bulletin 26:227-231.

Author attempted to determine (1) whether CRP has had a measurable, widespread, population-level effect on population trends for grasshopper sparrows in the mid-continental U.S. and (2) whether such trends were related to the amount of CRP in the local landscape. Analysis indicated that CRP had widespread, population-level influence on grasshopper sparrows in the mid-continental U.S. BBS route slopes for grasshopper sparrows significantly increased from pre- to post-CRP periods. Differences in individual route slopes were related to local CRP enrollment. 

Herkert, J.R., D.W. Sample, and R.E. Warner. 1996. Management of Midwestern grassland landscapes for the conservation of migratory birds. Pages 89-116 in F.R. Thompson, III, editor. Management of Midwestern landscapes of the conservation of neotropical migratory birds. USDA, Forest Service, North Central Forest Experiment Station. St. Paul, MN. General Technical Report NC-187. http://ncrs.fs.fed.us/pubs/gtr/other/gtr-nc187/Page%2089%20JR%20Herkert,%20NC-GTR-187.pdf. Accessed August 4, 2009.
Avian species of high priority for conservation were associated with a variety of grassland habitats including dry prairies, pastures, old fields, hayfields, wet prairies, sedge meadows and grasslands with interspersed shrubs. Diverse habitat associations of bird species with high management concern suggests that problems facing grassland birds are widespread and involve variety of grassland habitats. One common feature was sensitivity to habitat fragmentation. Declines in grassland bird numbers significantly correlate with declines in regional acreage of pastures and hay fields. Grassland nest success highest 2-3 years following prescribed fire. Mid length (3-5) year rotational burn program appears to be optimum under most circumstances. Need greater understanding of winter ecology and habitat requirements of grassland bird species. Relatively few avian species use fields with monotypic grass cover. Pastures are regions= most abundant grassland habitat accounting for 7.8 million ha (5.7% of regions land area). Provide important habitat because when not over-grazed they can support diverse assemblages of grassland bird species including those with declining populations. Pasture/hayfield reached peak in Midwest in early 1900's but have declined ever since.


Large scale, diverse grassland management is needed to meet the habitat needs of migratory grassland bird species of the greatest conservation concern in Midwest region. Habitats of highest management concern will vary regionally. Management should focus on providing habitat for large populations of area-sensitive species to increase the likelihood of long-term persistence of populations. Good discussion on effects of grazing, burning. Conclusions are, however, that results can be highly variable depending on extent of management, season, species etc. Mosaic of burned and unburned, mowed, un-mowed grassland provide full range of habitat preferences. Managed under a rotational system will provide best long-term conditions. Still not enough data regarding individual species' prediction about the way various species respond to differing management practices under varying conditions. Information on short-term responses common but little available on long-term effects.
Helzer, C. J. and D. E. Jelinski. 1999. The relative importance of patch area and perimeter-area ratio to grassland breeding birds. Ecological Applications 9:1448–1458.
Habitat fragmentation has been implicated as a major cause of population decline in grassland birds. We tested the hypothesis that a combination of area and shape determines the use of grassland patches by breeding birds. We compared both species richness and individual species presence in 45 wet meadow grasslands in the floodplain of the central Platte River, Nebraska. Bird data were collected through the use of belt transects and supplemented by walking and listening outside transects. Our data supported our primary hypothesis that perimeter–area ratio, which reflects both the area and shape of a patch, is the strongest predictor of both individual species presence and overall species richness. The probability of occurrence for all six common species (Grasshopper Sparrows, Bobolinks, Upland Sandpipers, Western Meadowlarks, Dickcissels, and Red-winged Blackbirds) was significantly inversely correlated with perimeter–area ratio. The probability of occurrence of Grasshopper Sparrows, Bobolinks, Upland Sandpipers, and Western Meadowlarks was also correlated with area. We conclude that species richness is maximized when patches are large (.50 ha) and shaped so that they provide abundant interior areas, free from the impacts of edges.
Hoefer, P., and G. F. Bratton. 1987. The role of trees and shrubs as economic enterprises and wildlife habitat development in the Great Plains. Pages 109-112 in J. E. Mitchell, editor. Impacts of the Conservation Reserve Program in the Great Plains. U.S. Forest Service General Technical Report RM 158. Rocky Mountain Forest and Range Experiment Station, Ft. Collins, Colo. 

Authors maintain that trees and shrubs add performance to CRP and that there are measurable long-term economic and aesthetic advantages to tree planting for wildlife habitat. General information presented on CRP regulations for tree planting, roles of CP3 and CP5, and economic benefits of wildlife habitat development in CRP.

Sarah M. Hirsh⇑, Catherine M. Mabry, Lisa A. Schulte and Matt Liebman. 2013. Diversifying Agricultural Catchments by Incorporating Tallgrass Prairie Buffer Strips. Ecological Restoration 31:201-211

Abstract - Crop production and prevailing farming practices have greatly reduced biodiversity and nearly eliminated native prairie in the central USA. Restoring small areas of prairie on cropland may increase plant biodiversity and native species abundance while benefiting the cropland. In Iowa, we incorporated buffer strips composed of prairie vegetation within catchments (0.5 ha to 3.2 ha land areas in which precipitation drained to a collection point at the slope bottom) used for corn (Zea mays) and soybean (Glycine max) production. We planted prairie buffer strips in three designs, varying the proportion of the catchment converted to buffer and/or the continuity of the buffer. Within the catchments, we determined the identity and percent cover of buffer strip plant species during 2008–2011 and of weed species in cropped areas during 2009–2011. We found 380% more species in 6 m2 of buffer strip than in 6 m2 of crop, indicating that the presence of buffer strips greatly increased catchment diversity. Plant community composition did not differ among the three buffer designs. Despite being surrounded by cropland, the buffer vegetation was dominated by native perennial species—the targeted vegetation type for both ecohydrological functions (e.g., erosion control) and native species conservation— within four years of establishment. Furthermore, weed species richness and prevalence did not differ between cropped areas of catchments with buffer strips and cropped areas of catchments without buffer strips. These results indicate that converting 10–20% of cropland to prairie buffer strips successfully reintroduced perennial species characteristic of native prairie without increasing weeds in adjacent crops.
Hughes, J. P. R. J. Robel, K. E. Kemp, J. L. Zimmerman. 1999. Effects of habitat on dickcissel abundance and nest success in Conservation Reserve Program fields in Kansas. Journal of Wildlife Management 63:523-529.

CRP fields studied dominated by indiangrass, big bluestem, little bluestem, sideoats, switchgrass, and western wheatgrass. These grasses comprised over 95% of all vegetation. Dickcissel abundance was associated significantly with field-level vegetation characteristics, field edge characteristics, and land use surrounding CRP fields. Nest success was associated with field-level vegetation variables only, specifically those associated with vegetation volume. Responded positively to increased litter cover but negatively to live and grass canopy covers. Forbs have been recognized as preferred nesting substrates. Forbs were relatively uncommon in CRP fields evaluated. Efforts to enhance dickcissel habitat should focus on modification of vegetation structure within fields. Positive relation to litter cover which would increase under less frequent burning regimes.

Hultquist, J. M., and L. B. Best. 2001. Bird use of terraces in Iowa rowcrop fields. American


Midland Naturalist 145:275-287.

Bird use of terraces in rowcrop fields was evaluated during 1996–1997 in southwestern Iowa by line transect counts of birds, nest searches and nest monitoring. Twenty-six bird species were observed in terraces. Red-winged blackbirds (Agelaius phoeniceus) and dickcissels (Spiza americana) were most abundant, accounting for 58% of the total bird abundance. Bird abundance in terraces (x¯ 5 463.0 birds/100 ha, SE 5 33.0) was less than that in other strip-cover habitats such as grassed waterways and roadsides, but greater than that in rowcrops. Five species nested in terraces. We found 64.8 nests/10 ha of which 76% were red-winged blackbird nests. Predation resulted in failure of 73% of all nests. The relative contribution of terraces to grassland bird conservation is minor, and changes in current terrace management practices would not likely improve conditions for birds nor be economical.
Iowa State University Extension Service. 1990. Managing Iowa habitats: grassed waterways. Publication No. Pm-11351c. http://www.extension.iastate.edu/Publications/PM1351C.pdf. Accessed August 4, 2009. 
Iowa State University Extension Service. 1999. Managing Iowa habitats: linear habitats in rural landscapes. Publication No. Pm- 11351k. http://www.extension.iastate.edu/Publications/PM1351K.pdf. Accessed August 4, 2009.
Iowa State University Extension Service. 1997a. Stewards of our streams: Riparian buffer systems. Publication No. Pm-1626a. http://www.extension.iastate.edu/Publications/PM1626A.pdf. Accessed June 7, 2009. 
Iowa State University Extension Service. 1997b. Stewards of our streams: Buffer Strip Design, Establishment, and Maintenance. Publication No. Pm-1626b. http://www.extension.iastate.edu/Publications/PM1626B.pdf. Accessed June 7, 2009. 
Iowa State University Extension Service. 2002a. Stewards of our streams: Maintenance of riparian buffers. Publication No. Pm-1626c. http://www.extension.iastate.edu/Publications/PM1626C.pdf. Accessed June 7, 2009. 
Iowa State University Extension Service. 2002b. Stewards of our streams: Assessing the Need for a Riparian Management System (RiMS). Publication No. Pm-1626d. http://www.extension.iastate.edu/Publications/PM1626D.pdf. Accessed June 7, 2009. 
Iowa State University Extension Service. 2002. Stewards of Our Streams: Bank Stabilization. Publication No., Pm-1626c

Iowa State University Extension Service. 2003. Resource Conservation Practices: Conservation Buffers & Water Quality. Publication No. Pm-1901F. http://www.extension.iastate.edu/Publications/PM1901F.pdf. Accessed August 4, 2009. 
Iowa State University Extension Service. 2004. A Guide to Managing Pasture Water. Publication No. Pm-IBC08-4. http://www.extension.iastate.edu/Publications/IBC08-4.pdf. Accessed August 4, 2009. 
Iowa State University and USDA-NRCS Agricultural Wildlife Conservation Center. 2009. Fish and Wildlife Technology Findings: One-Page Summaries. Madison, MS. http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=25010.wba. Accessed 7 June 2009.
· Light disking enhances early successional habitat with negligible erosion 
· Delay hay cuttings to allow birds to successfully fledge young
· Escape ramps in water troughs help bats, birds, and other wildlife

· Field borders: important habitat for birds in intensive agricultural lands
· Hawk habitat on grazed rangelands reconfirmed at the Zumwalt Prairie
· Diverse plantings in wider filter strips attractive to songbirds

· Landscape surrounding grass fields important to grassland birds 

· Restoring longleaf pine forests with birds in mind 

· Survey abandoned mines for bat use before closing

· Bird use found similar in warm- and cool-season grass filter strips

· Decision support tools available to help plan for grassland birds

· Use basic forest management to benefit bats, friends of the forest

· Naturally vegetated buffers work for wildlife and water quality

· Frogs and fish respond to wetlands restored with microtopography

· Corridor Handbook and case study can help plan watershed scale wildlife projects

· Grassland birds colonize restored CRP grasslands, return each year to breed

· Buffers may need to be much wider to help nesting birds

· Natural Heritage data links conservation practice benefits to rare, at-risk species

· Early successional birds overwinter in restored native grasses in the Southeast

· Leaflets provides information about food, cover, and other habitat needs for wildlife

· Amphibians and reptiles declining: habitat management guidelines available

· Agricultural wetlands in the Willamette Valley offer important shorebird habitat

· CRP grasslands attract more diverse grassland bird populations
· Off-stream dugout livestock watering ponds offer habitat for Topeka shiner

· More butterfly species in wide buffer strips with tall, native grasses

· What bobwhites want: research results from 11 projects across the quail range

· Field border size and shape make a difference for northern bobwhite

· Woody cover and deferred grazing make habitat for quail in Texas High Plains

· Quadruple northern bobwhite numbers with buffers that connect block habitats

· More songbirds and quail with prescribed fire and strip disking in Arkansas

· Burning, disking evaluated as bobwhite management in South Carolina

· Spray tall fescue in the fall to stimulate native warm-season grasses for quail

· Northern bobwhite chicks survive better in restored habitat, Arkansas study shows

· Summer fire, rollerdrum chopping could double Florida rangeland quail numbers

· Sculpt brush, graze rangelands in Texas Rolling Plains to benefit bobwhites

· Farmers will use some, not all, practices to help quail, Missouri survey shows

· Managing CRP fields increases bobwhite numbers, Illinois study shows

· Fire, heavy disking, other management maintain bobwhite habitat in Tennessee
· Farm Bill conservation practices improve northern bobwhite habitat

· Grassed waterways are habitat for birds, snakes

· Grass filter strips provide good breeding and wintering habitat for birds
· Riparian areas critical for migratory birds, other wildlife in the Great Basin

· Reforest near large existing forests to benefit birds 

· SVAP2: check small stream health with updated tool from NRCS

· Make more use of bats in integrated pest management

· Reduced yields at field edges can make CRP grass buffers an economic option

· MARIS––a wealth of lake and stream information with a single Internet click

· High-density, short-duration grazing good for trout as well as cattle

· Wetland and grassland birds benefit from the Farmable Wetlands Program
· Juvenile salmon, other fish benefit from enhanced wetlands in flood plains

· Combination of CRP and rangeland may be best for lesser prairie-chickens

· Crop residues offer food, cover for birds and small mammals

· Native fish, amphibians use drainage channels in grass seed lands of Oregon
· Ranchettes spell trouble for conservation of native species

· Manage utility rights-of-way for effective wildlife habitat

· Similar wildlife value found in clustered, dispersed housing developments

· Burning and disking Midwestern flood plains benefit ground nesting birds

· Habitat patches for grassland birds: size matters

· More pheasants in landscapes with large CRP blocks, computer model predicts
Johnson, A.W. and D. M. Ryba. 1992. A literature review of recommended buffer widths to maintain various functions of stream riparian areas. Prepared for King County Surface Water Management Division. Aquatic Resource Consultants, Renton, WA. 29pp.


This paper examines available scientific literature on the function of riparian areas along streams. Specifically, we reviewed literature containing recommendations for buffer widths to maintain those functions, and various methodologies for setting buffer widths. Some commonly recognized functions of stream riparian zones include: 1) stabilizing streambanks and preventing erosion; 2) filtering suspended solids, nutrients, and harmful or toxic substances; 3) moderating the microclimate of a riparian system; and 4) supporting and protecting fish and wildlife species and providing migration corridors. In small and intermediate-sized streams in then Pacific Northwest, riparian vegetation directly influences the physical conditions of the stream environment. The roots of riparian vegetation stabilize streambanks, retard erosion, and create overhanging cover for fish. The above-ground portions of plants dissipate the energy of storm flows, obstruct the movement of sediment and detritus, and provide large organic debris to streams. The effects of land uses on riparian areas can be multiple and varied. The effect depends on the type of land use, degree of disturbance to streamside vegetation, size of stream, physical setting, and succession after disturbance. While land use may vary, the resulting environmental alterations generally affect riparian systems in similar ways. Buffer widths for stream and wetland habitats may be established using two general methods. These are fixed width to protect specific functions, or a variable width that considers specific site conditions. Fixed- or variable-width buffers each have advantages and drawbacks. An agency’s available resources and constraints will figure strongly in the final choice of how buffers will be set. Widths for vegetated buffers recommended by various investigators vary widely depending on the specific resource or function to be maintained. Buffer widths recommended by 38 separate investigators to maintain seven major riparian functions ranged from 3 to 200 meters (m). From our review, it appears buffers less than 10 m provide little if any maintenance of various riparian functions. Buffers of 15 to 30 m provide minimal maintenance for most functions; buffers greater than 30 m appear adequate for most functions. Despite whether a fixed or variable width buffer is to be established, we recommend a minimum buffer distance of 15 to 30 m. This distance will vary depending on the riparian function to be maintained.
Johnson, G.J. and S. A. Temple. 1990. Nest predation and brood parasitism of tallgrass prairie birds. Journal of Wildlife Management 54:106-111.

Rates of nest predation and brood parasitism of 5 species nesting in fragments of tallgrass prairie in Minnesota were affected by the size of the prairie fragment, distance to wooded edge and number of growing seasons since vegetation around nest was last burned. Nest predation lower on larger habitats, further from wooded edge, and in vegetation burned less than 3 years. Management to maximize nest productivity should focus on provision of large fields regularly burned with no nearby wooded edges. Species investigated: clay-colored sparrow, savannah sparrow, bobolink, grasshopper sparrow, and western meadowlark. Because of increased abundance of cowbirds and addition of wooded edges to prairie habitat, nest productivity of prairie nesting birds may be declining. Implications of grassland management: recently burned prairie vegetation is usually tall and dense, which may restrict visibility to predators and predator activities. Production of seeds and insects greater in recently burned areas permitting birds to spend less time foraging and permits greater amount of time available for protection of nest.
Johnson, R.J., and M. M. Beck. 1988. Influences of shelterbelts on wildlife management and biology. Agricultural Ecosystems and the Environment 22/23:301-335.

Comprehensive review of bird and mammal use of shelterbelts as shelter, escape or refuge cover, foraging sites, reproductive habitat, and travel corridors. Shelterbelts have contributed to range expansion of some small mammals and birds. Numbers and diversity of wildlife positively correlated with area, perimeter length, adjacent land uses and vegetative diversity and complexity. Concluded that practice provides economic, educational, recreational and aesthetic benefits with minimal wildlife damage or nuisance problems to adjacent areas. 

Jones-Farrand, D.T., D.H. Johnson, L.W. Burger, Jr., and M.R. Ryan 2007. Grassland Establishment for Wildlife Conservation. Pages 25-44 in J.B Haufler, editor. Fish and Wildlife Response to Farm Bill Conservation Practices. Technical Review 07-1. The Wildlife Society, Bethesda, Maryland, USA. http://www.fsa.usda.gov/Internet/FSA_File/full_report.pdf. Accessed August 4, 2009. 
Establishing grasslands has important implications for wildlife, especially in areas historically rich in grasslands that have since been converted to row crop agriculture. Most grasslands established under farm conservation programs have replaced annual crops with perennial cover that provides year-round resources for wildlife. This change in land use has had a huge influence on grassland bird populations; little is known about its impacts on other terrestrial wildlife species. Wildlife response to grassland establishment is a multi-scale phenomenon dependent upon vegetation structure and composition within the planting, practice-level factors such as size and shape of the field, and its landscape context, as well as temporal factors such as season and succession. Grassland succession makes management a critical issue. Decisions on how frequently to manage a field depend on many factors, including the location (especially latitude) of the site, the phenology at the site in the particular year, the breeding-bird community associated with the site, and weather and soil conditions. The benefits for a particular species of any management scenario will depend, in part, on the management of surrounding sites, and may benefit additional species but exclude others. Thus, the benefits of grassland establishment and management are location- and species-specific.
Kammin, L. 2003. Conservation buffer filter strips as habitat for grassland birds in Illinois. MS Thesis, University of Illinois, Champaign, Illinois, USA.
King, J. W. and J. A. Savidge. 1995. Effects of the Conservation Reserve Program on wildlife in southeast Nebraska. Wildlife Society Bulletin 23:377-385.

Pheasant numbers in southeast Nebraska higher in areas with approximately 20% of cropland in CRP than in areas with <5%. Meadowlark numbers and cottontail numbers did not differ between areas. No differences found between numbers of birds or avian richness between cool-season and warm-season cover types. Vegetation structure and amount of cover were more important in determining bird densities and richness than was plant diversity. No relationship between bird numbers and vegetation diversity suggesting that structure may be more important than species composition. In general vegetation was taller in warm-season grass fields than cool-season fields. Suggest burning every 3-5 years to rejuvenate fields. Fields seeded to single grass species generally become more dense as they mature resulting in decline in habitat quality.
Klute, D.S. R.J. Robel and K.E. Kemp. 1997. Seed availability in grazed pastures and Conservation Reserve Program fields during winter in Kansas. Journal of Field Ornithology 68:253-258.

Study compared seed abundance in CRP fields and grazed native pasture in Kansas in winter. Seed abundance in CRP fields differed between winters and changed seasonally; biomass greater than that in grazed pasture in 1 of 2 years. Authors concluded that CRP fields were superior to grazed pasture as winter habitat for birds. 

Knoot, T.G. 2004. The influence of local and landscape factors on wildlife use of grassed waterways in Southeast Iowa. MS Thesis, Iowa State University, Ames, USA.

Knoot, T.G. 2007. Grassland Bird and Snake Use of Iowa Grassed Waterways is Influenced by Site and Landscape Characteristics. NRCS Technical Note. ftp://ftp-fc.sc.egov.usda.gov/NHQ/ecs/Wild/GrasslandBirdnSnakeUse.pdf. Accessed January 25, 2007.

Knoot, T.G., and L.B. Best. In preparation. A multiscale approach to understanding snake use of conservation buffer strips in an agricultural landscape. Journal of Landscape and Urban Planning.

Knoot, T.G., and L.B. Best. In revision. Bird use of Iowa grassed waterways: The influence of local and landscape variables. Agriculture, Ecosystems and the Environment.

Kobal, S. N., N. F. Payne, and D. R. Ludwig. 1998. Nestling food habits of 7 grassland bird species and insect abundance in grassland habitats in northern Illinois. Transactions of the Illinois State Academy of Science 91:69-75.
By sweep netting habitat and observing birds, we determined insect availability and use as food by 7 species of grassland birds: Henslow’s sparrow (Ammodramus henslowii), dickcissels (Spiza americana), bobolinks (Dolichonyx oryzivorus), grasshopper sparrows (A. savannarum), savannah sparrows (Passerculus sandwichensis), red-winged blackbirds (Agelaius phoeniceus), and eastern meadowlarks (Sturnella magna). Of 9 orders of insects sampled, Orthoptera, Coleoptera, and Lepidoptera were fed most to nestlings. Bird species varied in choice of insects. In general, all bird species selected prey items that were large (>10 mm) and relatively easy to catch. We observed concentrations of insects mainly around clumps of forbs where most flowers occurred.

Koford, R.R. and L.B. Best. 1996. Management of Midwestern grassland landscapes for the conservation of migratory birds. Pages 68-88 in F.R. Thompson, III, editor. Management of Midwestern landscapes of the conservation of neotropical migratory birds. USDA, Forest Service, North Central Forest Experiment Station. St. Paul, MN. General Technical Report NC-187. http://ncrs.fs.fed.us/pubs/gtr/other/gtr-nc187/Page%2068%20RR%20Koford,%20NC-GTR-187.pdf. Accessed August 4, 2009.
Kohler, F.,  J. Verhulst, R. van Klink, and D. Kleijn. 2008. At what spatial scale do high-quality habitats enhance the diversity of forbs and pollinators in intensively farmed landscapes? Journal of Applied Ecology 45:753–762. 
Summary

1. Over the last decades, biodiversity in agricultural landscapes has declined drastically. Initiatives to enhance biodiversity, such as agri-environment schemes, often have little effect, especially in intensively farmed landscapes. The effectiveness of conservation management may be improved by scheme implementation near high-quality habitats that can act as a source of species. We evaluated up to what distance high-quality habitats (nature reserves and artificially created flower-rich patches) affect the diversity of forbs and pollinators in intensively farmed landscapes of the Netherlands. 

2. We surveyed forbs, inflorescences, bees and hover flies and estimated pollination services in transects along ditch banks extending 300 m from four nature reserves forming small islands in landscapes dominated by agriculture.

3. In a separate experiment, we surveyed inflorescences, bees and hover flies in 1500 m long transects on farmland adjacent to five newly introduced flower-rich patches and in five control transects.

4. Species density of forbs declined over the first 75 m and species density and abundance of hover flies declined over the first 125 m beyond the nature reserves. Beyond these distances, no further declines were observed. The effects of flower-rich patches were spatially limited. The species density and abundance of bees and hover flies were significantly enhanced in the flower-rich patch, but only the abundance of hover flies was enhanced up to 50 m beyond the patch.

5. Synthesis and applications. In intensively farmed areas, remnant high-quality habitats sustain more abundant and diverse pollinator and forb communities than the surrounding countryside. They do enhance biodiversity on nearby farmland but increases are spatially restricted (< 150 m) and relatively small. These habitats may therefore function only as dispersal sources for ecological restoration sites or agricultural fields under extensification schemes that are located in close proximity. Habitat restoration in intensively used farmland should therefore be implemented preferentially in the immediate vicinity of high-quality habitats. In the short term, newly created flower-rich habitats are no alternative to pre-existing seminatural habitats for the promotion of pollinators on nearby farmland.
Labrum, K. 2007. Bobwhite production, brood ecology, and brood movements in response to habitat restoration in Northern Arkansas. MS Thesis. Arkansas Tech University, Russellville. 
The Northern Bobwhite Conservation Initiative was a habitat restoration effort aimed at reversing range-wide declines of Northern Bobwhite populations. Habitat restoration in Arkansas began within two focal areas where restoration efforts were concentrated. The central assumption of the Northern Bobwhite Conservation Initiative was that brood rearing and nesting habitats were deficient. Therefore the plan promoted increasing and improving nesting and brood rearing habitats. However, insufficient data addressing chick survival, growth, movements, and habitat use have made it difficult to design and assess habitat management that simultaneously benefits nesting and brood rearing bobwhites. My objectives were to evaluate the effect of habitat restoration on nesting, brood survival and growth, brood movements, and the efficacy of restoration in producing nesting and brood rearing habitat.


To achieve my objectives, I placed radio collars on bobwhite adults and monitored nesting. I used data collected from nesting bobwhites to determine production, nest success, and reproductive effort (nests/hen). After nests hatched, I captured bobwhite broods once at 1-4 days and again at 7-12 days after hatching to evaluate brood survival and chick growth. I intensively tracked brood tending adults to identify locations to sample habitat and to evaluate brood movements in response to restoration. Habitat variables included percent overhead cover, shrub, forb, grass, litter, bare ground, open space 0-5 cm above ground, open space 5-15 cm above ground, number of grass species, and number of forb species visually estimated within a 1 m2 Daubenmire frame. I also measured vegetation height and used a sweep net to sample arthropod abundance. I used a discriminant function to compare habitat at nest sites, and brood habitat to random locations in both restoration and unmanaged areas. The discriminant function identified restoration practices that produced habitat similar to those used for nesting and brood rearing. To evaluate brood movements, I used multiple regression to compare movement rates, distances moved away from nests, and index of space use between restored and unmanaged areas. Multiple regression was used to identify habitat features that influenced the index of space use and habitat factors associated with arthropod abundance.


I found that nesting bobwhites did not use restoration areas but nested in unmanaged fescue (Festuca arundinacea) dominated fields, and that bobwhites nesting in fescue had higher nest success than estimates of nest success reported by others. Reproductive parameters, such as clutch size, number of eggs that hatched etc., were similar to estimates reported by others. However, low survival of nesting and brood rearing bobwhite adults in unmanaged areas resulted in low reproductive effort and success (number of nests/hen, total number of nests, etc.).


Based upon limited sample sizes, brood survival was higher in restoration areas. However, the difference may not have been due to management efforts. Rather, predation appeared to be higher in the Searcy County focal area where most of the bobwhites used unmanaged areas, than in the Fulton County focal area where most of the bobwhites used managed areas. Adult mortality during brood rearing was the main cause of brood loss in unmanaged areas and appeared to influence recruitment. Despite higher brood survival, chicks in restoration areas had slower growth, moved faster, moved farther from their nest and used more space than broods in unmanaged areas. These results are consistent with my findings that arthropod abundance was lower in restoration than in unmanaged areas. Brood movements were inversely associated with arthropod abundance with greater brood movements occurring when arthropod abundances were low. Habitat factors positively associated with arthropod abundances were more forbs, more forb species/m2, and more grass species/m2.


Restoration more often produced habitat structurally similar to brood rearing habitat than nesting habitat. However, availability of nesting habitat increased through time in restoration areas. Although restoration produced habitat that was structurally similar to brood rearing habitat, arthropod abundances were reduced by 63% in restored areas and I did not detect an increase in arthropod abundances between years in restored areas. Orthopteran biomass was reduced by 70% in restoration areas and was responsible for the differences in arthropod biomass. Restoration practices that produced habitat structurally similar to brood rearing habitat were a combination of burning, disking, and planting a variety of native warm season grasses. In contrast, planting or promoting development of a monoculture of grass species (regardless of native origin) did not produce habitat structurally similar to brood rearing or nesting habitat. Burn only treatments in fescue dominated fields produced approximately equal proportions of brood rearing and nesting habitat but brood rearing habitat changed into nesting habitat after only one growing season post treatment.
Lambert, J.D. and S.J. Hannon. 2000. Short-term effects of timber harvest on abundance, territory characteristics, and pairing success of Ovenbirds in riparian buffer strips. Auk 117:687-698. 

In managed forests, riparian buffer strips typically are maintained to protect water quality. If properly designed, buffer strips also may act as wildlife reserves. However, forest managers have lacked the information to develop standards for buffer strips to maximize benefits for wildlife species. We assessed the conservation potential of 20-, 100-, and 200-m wide buffers for an area-sensitive songbird in boreal mixed-wood forest in Alberta. We measured abundance, territory characteristics, and pairing success of Ovenbirds (Seiurus aurocapillus) at treatment and control lakes one year before and after upland timber harvest. After harvest, Ovenbirds were absent from 20-m buffer strips. Harvesting did not significantly influence abundance or territory size in 100-m or 200-m buffers, although territories generally became narrower. Postharvest territory position did not change in 200-m buffers, but territories in 100-m strips shifted lakeward and included more habitat adjacent to the riparian edge than before harvest. Despite this shift in territory position, males that occupied 100-m strips successfully attracted mates. High availability of regional forest cover may have muted the more pronounced effects of habitat alteration observed in other studies. Our research is among the first to evaluate individual behavioral responses to the creation of forest edges. Our data indicate that 20-m buffer strips do not support breeding Ovenbirds, whereas 100- and 200-m buffers retain Ovenbirds during the year following harvest. Longterm harvest effects may differ from those we monitored and require study, particularly as timber extraction increases in the boreal mixed-wood ecoregion.

Lee K-H., T. M. Isenhart, R. C. Schultz and S. K. Mickelson. 1999. Nutrient and sediment removal by switchgrass and cool-season grass filter strips in Central Iowa, USA. Agroforestry Systems 44:121-132. 

Simulated rainfall and runoff were used to compare the effectiveness of 6 m and 3 m wide filter strips of switchgrass (Panicum virgatum) and cool-season filter strips consisting of bromegrass (Bromus inermis), timothy (Phleum pratense) and fescue (Festuca spp.) in reducing sediment, nitrogen and phosphorus in surface runoff from adjacent crop fields. The 6 m and 3 m wide strips represented 20:1 and 40:1 area ratios, respectively. Twelve plots, six each, in the switchgrass and cool-season grass strips, were laid out on Coland soil, having an average slope of 3%. Plots received simulated rainfall of 5.1 cm hr-1 intensity and simulated runoff containing known quantities of sediment and nutrients. Three runon samples, each in integrated over 15 minutes, and nine runoff samples, each integrated over five minutes, were collected from each plot and analyzed for sediment, total-N, NO-3-N, total-P and PO-4-P. The 6 m wide filter strips removed 77% while the 3 m removed 66% of the incoming sediment from surface runoff. The 6 m filter strips removed 46% of total-N, 42% of NO-3-N, 52% of total-P and 43% of PO-4-P; and the 3 m filter strips removed 28% of total-N, 25% of NO-3-N, 37% of total-P and 34% of PO-4-P. Differences between 6 m and 3 m filter strips were significant (P < 0.05) for sediment and nutrient removal. Switchgrass filter strips removed significantly more total-N, NO-3-N, total-P and PO-4-P than cool-season grass filter strips (P < 0.05). 

Linn, S.A. 2004. Impacts of agricultural landscapes on the breeding biology and behavioral ecology of grassland birds. MS Thesis, Eastern Illinois University, Charleston, Illinois, USA. 
Lisle, T.E., and M.B. Napolitano. 1998. Effects of recent logging on the main channel of North Fork Caspar Creek. Pages 81-86 in R.R. Ziemer, editor. Proceedings of the Conference on Coastal Watersheds: The Caspar Creek Story. USDA Forest Service, Pacific Southwest Research Station, PSW-GTR-168.

The response of the mainstem channel of North Fork Caspar Creek to recent logging is examined by time trends in bed load yield, scour and fill at resurveyed cross sections, and the volume and fine-sediment content of pools. Companion papers report that recent logging has increased streamflow during the summer and moderate winter rainfall events, and blowdowns from buffer strips have contributed more large woody debris. Changes in bed load yield were not detected despite a strong correlation between total scour and fill and annual effective discharge, perhaps because changes in stormflows were modest. The strongest responses are an increase in sediment storage and pool volume, particularly in the downstream portion of the channel along a buffer zone, where large woody debris (LWD) inputs are high. The association of high sediment storage and pool volume with large inputs of LWD is consistent with previous experiments in other watersheds. This suggests that improved habitat conditions after recent blowdowns will be followed in future decades by less favorable conditions as present LWD decays and input rates from depleted riparian sources in adjacent clearcuts and buffer zones decline.

Lowrance, R., L. S. Altier, J. D, Newbold, R. R. Schnabel, P. M. Groffman, J. M. Denver, D. L. Correll, J. W. Gilliam, J. L. Robinson, R. B. Brinsfield, K. W. Staver, W. Lucas, and A. H. Todd. 1997. Water quality functions of riparian forest buffers in Chesapeake Bay watersheds. Environmental Management 21:687-712.

Maryland, Virginia, and Pennsylvania, USA, have agreed to reduce nutrient loadings to Chesapeake Bay by 40% by the year 2000. This requires control of nonpoint sources of nutrients, much of which comes from agriculture. Riparian forest buffer systems (RFBS) provide effective control of nonpoint source (NPS) pollution in some types of agricultural watersheds. Control of NPS pollution is dependent on the type of pollutant and the hydrologic connection between pollution sources, the RFBS, and the stream. Water quality improvements are most likely in areas of where most of the excess precipitation moves across, in, or near the root zone of the RFBS. In areas such as the Inner Coastal Plain and Piedmont watersheds with thin soils, RFBS should retain 50%-90% of the total loading of nitrate in shallow groundwater, sediment in surface runoff, and total N in both surface runoff and groundwater. Retention of phosphorus is generally much less. In regions with deeper soils and /or greater regional groundwater recharge (such as parts of the Piedmont and the Valley and Ridge), RFBS water quality improvements are probably much less. The expected levels of pollutant control by RFBS are identified for each of nine physiographic provinces of the Chesapeake Bay Watershed. Issues related to establishment, sustainability, and management are also discussed.

Madison, L. A., T. G. Barnes, and J. D. Sole. 1995. Improving northern bobwhite brood-rearing habitat in tall fescue dominated fields. Proceedings of the Annual Conference of the Southeastern Association of Fish and Wildlife Agencies 49:525–536.

Tall fescue (Festuca arundinacea)-dominated fields provide poor northern bobwhite (Colinus virginianus) brood rearing habitat. Burning, disking, and herbicide applications have been recommended to improve bobwhite habitat within fescue-dominated fields. We implemented fall burning, fall disking, spring burning, spring disking, spring herbicide application, summer burning, and summer disking in fescue-dominated fields on 4 wildlife management areas across Kentucky. We sampled invertebrate populations and vegetative structure in summers 1992 and 1993 to determine if bobwhite brood rearing habitat quality was improved. We considered forb-dominated fields with high plant species richness, high invertebrate populations, and sufficient bare ground as providing the best brood rearing habitat. Fall disked plots provided significantly greater invertebrate abundance (3c = 2199.4 ± 331.5; p < 0.05) than control plots (3c = 824.0 ± 264.5) in 1992. In 1993, herbicide treated plots had greater invertebrate abundance (3c = 1126.8 ± 229.5; p < 0.05) than control plots (3c = 327.3 ± 63.2). Plant species richness (x = 12.8 ± 1.2), forb coverage (x = 70.2 ± 12.5%), and bare ground (3c = 48.5 ± 8.2%) were significantly greater (p < 0.05) on fall disked plots in 1992 than on control plots. In 1993, herbicide treated plots had greater (p < 0.05) plant species richness (3c = 14.1 ± 1.4), forb coverage (3c = 59.3 ± 12.0%), and bare ground (3c = 41.0 ± 10.2%) than control plots. Fall disked plots provided the best bobwhite brood rearing habitat in 1992, while herbicide treated plots provided the best habitat in 1993.
Mann, D.H., C.L. Fastie, E.L. Rowland, and N.H. Bigelow. 1995. Spruce succession, disturbance, and geomorphology on the Tanana River floodplain, Alaska. Ecoscience 2:184-199.

A long-standing paradigm in the ecology of the Alaskan taiga states that black spruce (Picea mariana [Mill.] BSP) replaces white spruce (Picea glauca [Moench] Voss) after several centuries of primary succession on flooodplains. According to this Drury Hypothesis, autogenic thickening of organic horizons and shrinking of the active layer interact with the species' different physiological tolerances to cause black spruce dominance. We test the Drury Hypothesis on >200-year-old portions of the Tanana River floodplain near Fairbanks, Alaska, and reject it. In the meander belt portion of the study area, white spruce mixed with black spruce persists on geomorphic surfaces approximately 3,000 years old. Predictions of the Drury Hypothesis regarding active-layer and organize-horizon thicknesses are not substantiated. Neither of these variables correlates with the abundances of the different spruce species. Forest communities in the study area are distributed along geologically based environmental gradients and are shaped by secondary succession following fires and probably floods. Black spruce dominates in the poorly drained, permafrost-rich, and fire-prone backswamp and white spruce in the oppositely characterized meander belt. Although geological chrono sequences can be identified along avulsion-prone rivers like the study reach of the Tanana River, superposition of a meander belt-backswamp plan and frequent fire and flood disturbances may negate any vegetation chronosequences older than several centuries.
Marcus, J. F., W. E. Palmer, and P. T. Bromley. 2000. The effects of farm field borders on overwintering sparrow densities. Wilson Bulletin 112:517–523.

Wintering birds that use farm fields may benefit from strips of uncultivated, grassy, and weedy vegetation, called field borders. Field borders were established on 4 farms in the North Carolina coastal plain in Wilson and Hyde counties in the spring of 1996. In February of 1997 and 1998, bird numbers on field edges and field interiors, with and without field borders, were surveyed using strip transect and line transect methods. Most (93%) birds detected in field edges were sparrows, including Song (Melospiza melodia), Swamp (Melospiza georgiana), Field (Spizella pusilla), Chipping (Spizella passerina), White-throated (Zonotrichia albicollis), andSavannah (Passerculus sandwichensis) sparrows and Dark-eyed Juncos (Junco hyemalis). We detected more sparrows on farms with field borders than on farms with mowed edges. This difference was most pronounced in field edges where field borders contained 34.5 sparrows/ha and mowed edges contained 12.9 sparrows/ha. Sparrow abundance did not differ by treatment in field interiors. Sparrow density in field borders was intermediate to wintering sparrow densities reported in other studies. These results suggest that establishing field border systems may be an effective way to increase densities of overwintering sparrows on farms in the southeastern U.S. coastal plain.

Martin, D. J., M. E. Robinson, and R. A. Grotefendt. 1998. The effectiveness of riparian buffer zones for protection of salmonid habitat in Alaska Coastal Stream. Prepared for Sealaska Corporation, Juneau AK, and Alaska Forest Association, Ketchikan AK.
For this study, low-elevation aerial photographs were used to delineate potential LWD sources and these date were used to determine the effects of buffer zones on the short- and longterm supply of LWD. We used annual channel survey data from a four-year period (1994-197) to monitor changes in LWD recruitment and to examine the interaction between LWD, channel morphology, and fish habitat. The findings of this study concur with previous research and add new knowledge concerning the relative sensitivity of fish habitat to changes in LWD in different geomorphic channel types. The results show that LWD is most important for the formation of pools and contributes to the retention of gravel that forms spawning habitat. Increases in LWD loading can increase the frequency of small to medium pools, which improves the quantity and quality of salmonid rearing habitat. The relative effectiveness of LWD to form habitat is a function of channel type and the amount of LWD in the stream. The analysis of 38 riparian zones and more than 11,000 trees indicates that nearly all (mean 94%) of the recruitable size trees in the riparian zone (i.e., tall enough to become LWS) occur within 20 m of the stream. Selective timber harvest in the standard buffer zones removed from 1% to 12% of the original stand. This harvest, in addition to windthrow following logging, did not significantly diminish the potential supply of LWD from the 0-10 m zone. The study shows that a 20- m buffer zone is more effective for providing LWD than a wide buffer (>20 m) or an unlogged area. Examination of tree densities at 15 standard 20- m buffer zones four to six years after logging indicated that the capacity of these buffers to maintain a future supply of LWD was directly related to the pre-harvest recruitable tree density. The results of this study indicate that implementation of the current buffer regulation should include evaluation of stand composition for buffer zones adjacent to alluvial channels (Type A waters). The results also show that windthrow may reduce the potential long-term supply of LWD in a small percentage of the buffer zones. Planning buffer zones to increase the probability of LWD recruitment could improve the quantity and quality of fish habitat in streams that have a naturally low supply of LWD (e.g., channels formed in a mixture of alluvial and cobble/boulder bed materials, Type A and some Type B waters). In these channels LWD recruitment rates are minimized by the low frequency of bank erosion, landslides, and windthrow. Therefore, formation of fish habitat is limited by the ED recruitment rate, which will not improve without some type of buffer disturbance. Buffers wider than 20 m will maintain the natural recruitment rate, but a narrower buffer (e.g., 20-m wide) could increase the probability of LWD recruitment. In this case, designating buffers to take advantage of natural disturbances may provide more long-term benefits to fish habitat than might otherwise occur under natural conditions.
Mason, O. K., and J. E. Begét. 1991. Late Holocene flood history of the Tanana River, Alaska, U.S.A. Arctic and Alpine Research 23:392-403.

The Tanana River basin in central Alaska drains both the north slope of the Alaska Range and the south slope of the Yukon-Tanana upland. A sequence of historic and prehistoric flood deposits of the Tanana River is preserved in a small bedrock-sheltered slough near Fairbanks. Examination of these deposits using a suite of radiometric dates, microstratigraphic observation, and granulometric statistics suggests that large changes in flood frequency occurred during the late Holocene. Three major lithostratigraphic units are observed: (1) thick cross-bedded, pedogenically unaltered alluvial silty sands which were deposited between 3000 and 2000 yr BP, recording an interval of large floods; (2) a series of this silty beds and paleosols forms after 23000 yr BP during an interval when large floods were uncommon; and (3) a sequence of sand units recording large floods during the last several hundred years. Flood frequencies appear to have changed in response to regional climatic changes, with more frequent flooding occurring during times of widespread alpine glaciation and increase storminess.

McCoy, T. D., E. W. Kurzejeski, L. W. Burger, Jr., and M. R. Ryan. 2001b. Effects of conservation practice, mowing, and temporal changes on vegetation structure on Conservation Reserve Program fields in northern Missouri. Wildlife Society Bulletin 29:979–987.
To enhance and maintain wildlife benefits of Conservation Reserve Program (CRP) lands, managers and policy makers need information on how grassland succession affects vegetation structure and composition as fields age. We describe changes in vegetation on 154 northern Missouri CRP fields sampled in 1989-1995 (field ages 1 to 9 years), including differences between cool-season grass and warm-season grass plantings. Within 3-4 years, CRP fields became dominated by perennial grasses with substantial litter accumulation. These vegetation conditions may limit the value of enrolled lands for many wildlife species. Once established, warm-season grass fields were taller and had more bare ground than cool-season fields. However, height and density of vegetation on the warm-season grass fields may have precluded use by many wildlife species, even grass-land birds commonly associated with tall-grass habitats. Mowing, the primary disturbance during our study, had very short-term effects on vegetation structure and led to accelerated grass succession and litter accumulation. Thus, mowing did little to set back succession, increase diversity, and maintain or increase wildlife benefits. With wildlife benefits having an increased role in the current CRP, program administrators and cooperating agencies must recognize that management is necessary to maintain, and can even enhance, the wildlife benefits ascribed to specific CRP plantings.
McCoy, T. D., M. R. Ryan, L. W. Burger, Jr., and E. W. Kurzejeski. 2001a. Grassland bird conservation: CP1 vs. CP2 plantings in Conservation Reserve Program fields in Missouri. American Midland Naturalist 145:1-17.
To determine the relative value of different Conservation Reserve Program (CRP) plantings for breeding grassland and winter birds we measured vegetation structure, avian abundance and reproductive success, and estimated fecundity during 1993–1995 on CP1 (cool-season grass) and CP2 (warm-season grass) plantings in 16 fields in northern Missouri. CP1 fields had been planted to cool-season grasses or cool-season grass-legume mixtures and CP2 fields had been seeded with switchgrass (Panicum virgatum). Species richness, abundance and nesting success of grassland birds during the breeding season and total bird use in the winter did not differ between CPs. During the breeding season CP1 fields had higher abundances of grasshopper sparrow (Ammodramus savannarum), eastern meadowlark (Sturnella magna), Henslow’s sparrow (Ammodramus henslowii) and American goldfinches (Carduelis tristis), whereas common yellowthroats (Geothlypis trichas) were more abundant in CP2 fields. Fecundity of dickcissels (Spiza americana) and nesting success and fecundity of red-winged blackbirds (Agelaius phoeniceus) were higher on CP2 than on CP1 habitat, but both CPs were likely sinks (l , 1) for these species. Both CPs were likely source habitat for grasshopper sparrows, whereas only CP1 habitat was likely a source for eastern meadowlarks and American goldfinches. In winter American goldfinches were more abundant in CP1 fields than CP2 fields. The shorter, more diverse, cool-season grass fields were equal or better habitat than taller, more vertically dense, switchgrass-dominated fields for grassland birds, including several species of high conservation concern. Single-species plantings of warm- or cool-season grasses should be avoided to increase the potential wildlife benefits of CRP and other grassland habitats.
McCoy, T.D., M.R. Ryan, E.W. Kurzejeski, and L.W. Burger, Jr. 1999. Conservation Reserve Program: source or sink habitat for grassland birds in Missouri? Journal of Wildlife Management 63:530-538.

The Conservation Reserve Program (CRP) has been credited with contributing substantially to the conservation of grassland birds. Although many species have nested in grasslands established under the CRP, little evidence of positive effect on populations has been reported. We measured reproductive rates and esti-mated fecundity of 7 grassland bird species in CRP fields in northern Missouri and compared those rates to estimates of fecundity needed to maintain stable populations (X = 1). Under conservative assumptions of survival, CRP fields seemingly were source habitats (fecundity exceeded levels necessary for X = 1) for grass-hopper sparrows (Ammodramus savannarum) and field sparrows (Spizella pusilla) in at least 2 of 3 years (1993: P = 0.02; 1995: P < 0.001) and pooled over 3 years (Ps < 0.001). Although evidence was less compelling, CRP fields were likely source habitat for eastern meadowlarks (Sturnella magna) and American goldfinches (Carduelis tristis). For American goldfinches, fecundity was greater than that necessary for X = 1 in 1995 (P < 0.001), and pooled over 3 years (P < 0.001). Our pooled estimate of fecundity was greater than necessary for X = 1 for eastern meadowlarks (Ps < 0.001), but only under a liberal assumption of survival in 2 of 3 years (1993: P = 0.001; 1995: P = 0.088). Fecundity of common yellowthroats (Geothlypis trichas) varied substan-tially; therefore, source-sink status alternated among years, although the pooled estimate of fecundity was less than required for X = 1 (P < 0.001). Dickcissel (Spiza americana) fecundity was consistently less than necessary for X = 1 (conservative survival assumption: all Ps < 0.001; liberal survival assumption: 1994 P = 0.008, pooled P = 0.014). For red-winged blackbirds (Agelaius phoeniceus), CRP fields were consistently a sink habitat (all Ps < 0.001). Based on our evidence, the CRP likely has contributed to the conservation of grasshopper sparrows, field sparrows, and eastern meadowlarks. Although large numbers of dickcissels and red-winged black-birds nested in CRP fields, there is little evidence that the CRP has contributed to populations of those species. 
Mississippi State University Extension Service. 2007. Ecology & management of the Northern Bobwhite. Extension Service of Mississippi State University, Mississippi State, MS. Publication 2179. 
Moorman C.E. and J.D. Riddle. 2009. Maximizing the Benefits of Field Borders for Quail and Early-succession Songbirds: What’s the Best Design for Implementation? Pages 17-26 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009. 
In agriculture-dominated landscapes, landowners have greater flexibility because both narrow, linear and nonlinear upland habitat buffers can increase bobwhite populations. However, landowners in forest-dominated areas still may be able to increase bobwhite on their farms, but it will require larger blocks of nonlinear upland habitat buffers or wide, linear upland habitat buffers to do so. Our linear upland habitat buffers were relatively narrow (10 feet), which is consistent with the field border practice standard (Code 386) but well below the minimum average width required for upland habitat buffers practice CP33 (30 feet). We recognize that wider (mean ≥ 30 feet) linear upland habitat buffers may provide the same or even greater benefits than nonlinear upland habitat buffers, regardless of landscape context. We recommend the use of wide, linear and nonlinear upland habitat buffers in agriculture-dominated landscapes whenever possible. We also recommend that narrow, linear upland habitat buffers be considered for use in agriculture-dominated landscapes where wider buffers may not fit production objectives. Even if they cannot be cost-shared by farm bill conservation programs, some landowners may be willing to allow 10 foot wide field borders without financial support. The landowner with whom we worked, Murphy-Brown, LLC, was able to allow borders of this width without accepting subsidies and without compromising commercial hog or row crop production. Because of the timing of bobwhite increase on our farms, we believe our initial gains were by spring-dispersing individuals. The population increased quickly in 2005 and additional gains were not observed in 2006. This indicated that bobwhite quickly colonized and saturated the new habitat. Additional gains on our farms would have been unlikely without adding more upland habitat buffers or significantly improving the surrounding woodlands with thinning and burning. Landowners who have previously experienced quail increases under CP33 or other Conservation Practices and desire additional population increases may be willing to manage timberlands and areas not in production in such a way as to add more suitable bobwhite habitat. Our upland habitat buffers did not result in greater focal songbird density, higher indigo bunting/blue grosbeak nest success, or reduced brood parasitism frequency. The lack of upland habitat buffer effect on songbirds probably was because only 2-3% of the total row-cropped area on each farm was converted to upland habitat buffers. Other studies have documented increases in early-succession birds such as indigo bunting and dickcissel with 6% of row-cropped area converted to upland habitat buffers. Therefore, we recommend 6% as a minimum for a songbird response. Additionally, our upland habitat buffers probably contained too little woody nesting substrate for our primary nesters (indigo bunting and blue grosbeak). Depending on site conditions, managers should promote more woody growth in some upland habitat buffers. We do not advocate conversion of all upland habitat buffers on a farm to shrubby, woody habitat, but more than 2-3% woody cover is needed to impact the nesting ecology of birds like indigo bunting and blue grosbeak. The landscapes best suited for quail management (agriculture-dominated landscapes) also supported the highest densities and nest success probabilities for early successional songbirds. Therefore, tremendous potential exists for multi-species management with upland habitat buffers in agriculture-dominated landscapes. We recommend that landscape context be considered as a critical factor for enrollment into Code 386, Code 647, CP33 or similar practices. Specifically, more acres could be allocated to States, watersheds, or counties predominated by agriculture-dominated landscapes. Alternatively, higher rental rates or sign-up bonuses could be allowed to encourage landowner enrollment in these landscapes.

Murphy, M. L. 1995. Forestry impacts on freshwater habitat of anadromous salmonids in the Pacific Northwest and Alaska--requirements for protection and restoration. NOAA Coastal Ocean Program Decision Analysis Series No. 7. NOAA Coastal Ocean Office, Silver Springs, MD.

This synthesis presents a science overview of the major forest management issues involved in the recovery of anadromous salmonids affected by timber harvest in the Pacific Northwest and Alaska. The issues involve the components of ecosystem-based watershed management and how best to implement them, including how to: Design buffer zones to protect fish habitat while enabling economic timber production; Implement effective Best Management Practices (BMPs) to prevent nonpoint-source pollution; Develop watershed- level procedures across property boundaries to prevent cumulative impacts; Develop restoration procedures to contribute to recovery of ecosystem processes; and Enlist support of private landowners in watershed planning, protection, and restoration. Buffer zones, BMPs, cumulative impact prevention, and restoration are essential elements of what must be a comprehensive approach to habitat protection and restoration applied at the watershed level within a larger context of resource concerns in the river basin, species status under the Endangered Species Act (ESA), and regional environmental and economic issues. This synthesis 1) reviews salmonid habitat requirements and potential effects of logging; 2) describes the technical foundation of forest practices and restoration; 3) analyzes current federal and non- federal forest practices; and 4) recommends required elements of comprehensive watershed management for recovery of anadromous salmonids.
Murphy, M. L., J. Heifetz, S. W. Johnson, K V. Koski, and J. F. Thedinga. 1986. Effects of clear-cut logging with and without buffer strips on juvenile salmonids in Alaskan streams. Canadian Journal of Fisheries and Aquatic Science 43:1521-1533.

This research paper reports the results of field studies conducted in southeastern Alaska that were designed to assess the short-term effects of logging on the density and habitat use of streams by juvenile coho salmon, steelhead, cutthroat trout, and Dolly Varden in old growth forest and in clearcuts with and without stream buffers. All streams were apparently no glacial. Winter and summer habitat use was examined. Old growth forest contained Sitka spruce and western hemlock. Clearcuts were 1 to 12 years old with trees cut to both streambanks. Buffered reaches were on 3 to 10 year old clearcuts: one bank had a strip of uncut streamside trees 15 to 130 m wide; the other side had undisturbed forest. Clearcut stream reaches had less undercut bank, canopy density, pool volume, and debris and more periphyton than old growth reaches. Clearcut reaches were less stable than old growth reaches, having significantly greater point bar formation, sediment packing, and scour and deposition. Buffered reaches had more debris than old growth reaches but did not differ consistently from old growth reaches in any other habitat variable. Most pools were formed by debris, and pool volume and debris volume were positively related. Periphyton biomass and benthos density were positively related. Summer density of coho fry averaged more than two times greater in both buffered and clearcut reaches than in old growth reaches. Summer fry density was directly related to periphyton biomass and benthos. The more periphyton a reach had, the more fry it had, and the clearcut and buffered reaches with open canopy and abundant periphyton had the most fry. In winter, density of coho salmon fry was still greater in buffered than in old growth reaches. Clearcut reaches no longer had significantly more fry than old growth reaches. Both summer food abundance and debris appeared to influence winter density of coho fry. The more periphyton a reach had in summer and the more debris, the more fry it had in winter. Summer food abundance limited summer fry densities and quality of winter habitat (i.e., debris) determined winter survival. Coho salmon parr were equally abundant in old growth, buffered, and clearcut reaches in summer, but significantly less abundant in clearcut than in old growth reaches in winter. If debris was left in clearcut reaches, or added in buffered reaches, coho salmon parr were abundant (10 to 22/100 m2) in winter. If debris had been removed from clearcut reaches, parr were scarce (<2/100 m2) in winter.
Murphy, M. T. 2003. Avian population trends within the evolving agricultural landscape of eastern and central United States. Auk 120:20–34. 
State-level Breeding Bird Survey (1980–1998) and U.S. Department of Agriculture statistics were used to test the hypothesis that changes in agricultural land use within the eastern and central U.S. have driven population trends of grassland and shrub habitat birds over the past two decades. The degree to which population trends differed between grassland and shrub habitats was evaluated with respect to migratory and nesting behavior. Grassland birds declined signifi cantly between 1980 and 1999, but, on average, shrub habitat species did not. Grassland-breeding, long-distance migrants exhibited the strongest negative trends. Most species (78%; n = 63) exhibited at least one signifi cant association between population trends and changes in agricultural land use, and in most, land use “explained” 25–30% of the variation in population trends among states. Changes in the farmland landscape accounted for more of the interstate variability of population trends of short-distance migrants than of both long-distance migrants and residents, and that variability was greater in grassland than shrub species. Declines in the area of rangeland and cover crops were followed by population declines and increases, respectively, by many species. Increases of land in the Conservation Reserve Program had negative associations with population trends of some shrub species. The results indicate that grassland birds have declined strongly over the past two decades, and that regardless of migratory behavior or nesting habits, avian population trends are linked strongly to changes in agricultural land use within North America.
Murray, L.D., C.R. Ribic, and W.E. Thogmartin. 2008. Relationship of Obligate Grassland Birds to Landscape Structure in Wisconsin. J. Wildl. Manage. 72:463–467.
Conservation plans for grassland birds have included recommendations at the landscape level, but species' responses to landscape structure are variable. We studied the relationships between grassland bird abundances and landscape structure in 800-ha landscapes in Wisconsin, USA, using roadside surveys. Of 9 species considered, abundances of only 4 species differed among landscapes with varying amounts of grassland and forest. Landscape variables explained <20% of variation in abundances for 4 of the 5 rarest species in our study. Our results suggest landscape-based management plans for grassland birds might not benefit the rarest species and, thus, plans should incorporate species-specific habitat preferences for these species.
Nakamoto, R. J. 1998. Effects of timber harvest on aquatic vertebrates and habitat in the North Fork Caspar Creek. Pages 87-96 in R.R. Ziemer, editor. Proceedings of the Conference on Coastal Watersheds: The Caspar Creek Story. USDA Forest Service, Pacific Southwest Research Station, PSW-GTR-168.

[The author] examined the relationships between timber harvest, creek habitat, and vertebrate populations in the North and South forks of Caspar Creek. Habitat inventories suggested pool availability increased after the onset of timber harvest activities. Increased large woody debris in the channel was associated with an increase in the frequency of blowdown in the riparian buffer zone. This increase in large woody debris volume increased the availability of pools. No dramatic changes in the abundance of young-of-the-year steelhead, yearling steelhead, coho, or Pacific giant salamanders were dir ectly related to logging. High interannual variation in the abundance of aquatic vertebrates made it difficult to contrast changes in abundance between prelogging and post- logging periods. Changes in channel morphology associated with increased volume of large woody debris in the channel suggest that yearling steelhead, coho, and Pacific giant salamanders may benefit from logging in the short-term because of increased living space. However, over a longer time scale these conditions will probably not persist (Lisle and Napolitano, these proceedings).

O'Laughlin, J., and G. H. Belt. 1995. Functional approaches to riparian buffer strip design. Journal of Forestry 93(3):29-32.

The term buffer strip include functional descriptions such as filter, stabilizatio n, or leave strips, and administrative designations such as Idaho's Stream Protection Zone, Oregon's Riparian Management Area, Washington's Riparian Management Zone, and the USDA Forest Service's Streamside Management Zone. This article summarizes the functions of buffer strips and describes three approaches to their design. These are FPA, the Forest Practices Act regulations for implementing the Clean Water Act in northwestern states; FEMAT/PACFISH, the closely related federal agency approaches for managing threatened and endangered species habitat; and CSE, the "bankfull channel width" buffer option developed by the Center for the Study of the Environment to manage salmon habitat in the Pacific Northwest.
Osborne, L. L., and D. A. Kovacic. 1993. Riparian vegetated buffer strips in water-quality restoration and stream management. Freshwater Biology 29:243-258.

A review is presented of the literature on riparian vegetated buffer strips (VBS) for use in stream-water-quality restoration and limitations associated with their use are discussed. The results are also presented of recent investigations on the effectiveness of a forested and a grass vegetated buffer strip for reducing shallow subsurface inputs of nutrients from agriculture to a stream in central Illinois, U.S.A. Both the forested and grass VBS reduced nitrate-N concentrations in shallow groundwater (up to 90% reduction). On an annual basis the forested VBS was more effective at reducing concentrations of nitrate-N than was the grass VBS, but was less efficient at retaining total and dissolved P. During the dormant season, both grass and forested buffer strips released dissolved and total P to the groundwater. The VBS apparently acted as a nutrient sink for much of the year, but also released accumulated nutrients during the remaining portion of the year.

Patterson, M. P., and L. B. Best. 1996. Bird abundance and nesting success in Iowa CRP fields: the importance of vegetation structure and composition. American Midland Naturalist 135:153-167.
Paustian, S. J., editor. 1992. A channel type users guide for the Tongass National Forest, southeast Alaska. USDA Forest Service, Alaska Region. R10 Technical Paper 26.

This User Guide is intended for forest resource planners, fisheries biologists, hydrologists, ecologists, or anyone involved with water resource management on the Tongass National Forest. It describes a stream classification system based on mapped stream reaches called channel types. Channel type mapping is a principal tool for managing aquatic and riparian resources of the Tongass National Forest. The purpose of this User Guide is to provide users with sufficient information to understand the characteristics of each channel type and to know what should considered when planning activities that may affect water and fisheries resources associated with each one. Components of the Alaska Region Channel Type Classification System are defined within the context of nine basic fluvial process groups. These process groups describe the interrelationship between watershed runoff, landform relief, geology, and glacial or tidal influences on fluvial erosion and deposition processes. Individual channel type classification units within each process group are defined by physical attributes, such as channel gradient, channel pattern, stream bank incision and containment, and riparian plant community composition. Channel types are a means of distinguishing the various parts of a stream system. They allow us to define the characteristics of the channel and to predict, with a high degree of accuracy, probable responses to natural and human influence. However, channel types cannot be managed as isolated segments. Stream reach in one part of a watershed can be affected by activities taking place in a different part of the watershed, either upstream, downstream, or on adjacent land areas. Channel types help define the parts of a drainage basin and, as such, are tools intended to complement a holistic watershed management approach. The Channel Type Classification System was developed with water resource management needs in mind. Propagation of anadromous fisheries is the major beneficial use of water resources in Southeast Alaska. Channel type inventories provide key information of fish habitat utilization, fish habitat capability, and fisheries enhancement options in survey area watersheds. Channel types also provide information on suitable stream crossing locations and design criteria for road drainage structures. Channel types are used to evaluate potential sediment delivery and retention for cumulative watershed effect analysis. Information of sport fishing potential and boat access is also included in the channel type descriptions. This User Guide contains brief information for each of the 38 channel types currently mapped on the Tongass National Forest. There is a separate section, consisting of thee parts (Title, Physical Characteristics, and Management Considerations), for each channel type. Data used to describe the channel structure, riparian vegetation, and aquatic habitat have been obtained from channel typing verification and stream inventories conducted on watershed throughout Southeast Alaska.

Peak, R.G., F.R. Thompson III., and T.L. Schaffer. 2004. Factors affecting songbird nest survival in riparian forests in a Midwestern agricultural landscape. Auk 121:726-737.

We investigated factors affecting nest success of songbirds in riparian forest and buffers in northeastern Missouri. We used an information-theoretic approach to determine support for hypotheses concerning effects of nest-site, habitat-patch, edge, and temporal factors on nest success of songbirds in three narrow (55–95 m) and three wide (400–530 m) riparian forests with adjacent grassland–shrub buffer strips and in three narrow and three wide riparian forests without adjacent grassland–shrub buffer strips. We predicted that temporal effects would have the most support and that habitat-patch and edge effects would have little support, because nest predation would be great across all sites in the highly fragmented, predominantly agricultural landscape. Interval nest success was 0.404, 0.227, 0.070, and 0.186, respectively, for Gray Catbird (Dumetella carolinensis), Northern Cardinal (Cardinalis cardinalis), Indigo Bunting (Passerina cyanea), and forest interior species pooled (Acadian Flycatcher [Empidonax virescens], Wood Thrush [Hylocichla mustelina], Ovenbird [Seiurus aurocapillus], and Kentucky Warbler [Oporornis formosus]). The effect of nest stage on nest success had the most support; daily nest success for Gray Catbird and Indigo Bunting were lowest in the laying stage. We found strong support for greater nest success of Gray Catbird in riparian forests with adjacent buffer strips than in riparian forests without adjacent buffer strips. Patch width also occurred in the most supported model for Gray Catbird, but with very limited support. The null model received the most support for Northern Cardinal. Riparian forests provided breeding habitat for area sensitive forest species and grassland–shrub nesting species. Buffer strips provided additional breeding habitat for grassland–shrub nesting species. Interval nest success for Indigo Bunting and area-sensitive forest species pooled, however, fell well below the level that is likely necessary to balance juvenile and adult mortality, which suggests that when riparian forests are located within agricultural landscapes, the potential even for wide riparian forests with adjacent buffer strips to provide high-quality breeding habitat is severely diminished for some species.
Peterjohn, B. G. 2003. Agricultural landscapes: can they support healthy bird populations as well as farm products? Auk 120:14–19. http://www.bioone.org/doi/pdf/10.1642/0004-8038%282003%29120%5B0014%3AALCTSH%5D2.0.CO%3B2. 
Piccolo, Jack J. and Mark S. Wipfli. 2002. Does alder (Alnus sp.) in upland riparian forests elevate macroinvertebrate and detritus export from headwater streams to downstream habitats in Southeast Alaska? Canadian Journal of Fisheries and Aquatic Sciences 59:503-513. 
We assessed the effects of past timber management on macroinvertebrates and detritus export from headwater streams to downstream habitats in the Tongass National Forest, Southeast Alaska. Twenty-four fishless headwater streams (mean discharge = 3.5L / s, mean gradient 22%) were sampled across four riparian canopy types: old growth, clearcut (<5 years post-cut), young growth (35-40 years post-cut) alder, and young growth conifer. Export of each of six replicate streams per canopy type was sampled with a 250 μm net for 96 h intervals, monthly from April-August 1998. Young- growth alder sites exported significantly more macroinvertebrates (mean = 10.9 vs. 2.6 individuals / m3 water and mean = 3.5 vs. 1.0 mg dry mass / m3 water) and detritus (mean = 46.8 vs. 10.1 mg dry mass / m3) than did young-growth conifer sites. No significant differences were observed between other canopy types. Approximately 70% of the export was made up of aquatic macroinvertebrates; the remainder was terrestrial or unidentified. These results suggest that alder riparian canopies elevate macroinvertebrate and detritus export from headwater streams. We attribute elevated export to greater in-stream productivity associated with higher quality and quantity of allochthonous input. Maintaining an alder component in upland forests following timber harvest should increase the productivity of headwater streams, benefiting downstream, salmonid-bearing food webs that receive prey and detritus from these upland habitats.

Pierce II, R.A., D.T. Farrand, and W.B. Kurtz. 2001. Projecting the bird community response resulting from the adoption of shelterbelt agroforestry practices in Eastern Nebraska. Agroforestry Systems 53:333–350. 

Evolving agricultural policies have influenced management practices within agroecosystems, impacting available habitats for many species of wildlife. Enhancing wildlife habitat has become an explicit objective of existing agricultural policy. Thus, there is renewed focus on field borders and the use of shelterbelt agroforestry systems to achieve conservation goals in the Midwest. Two Representative Farms – a 283-ha dryland and 510-ha irrigated farm were created in Saunders County, Nebraska. The Habitat

Analysis and Modeling System (HAMS) was used to describe the composition and spatial pattern of the existing farms and surrounding landscape, as well as for the landscapes surrounding selected Breeding Bird Survey (BBS) routes. Simulated land use changes resulting from the implementation of two shelterbelt scenarios, Agricultural and Wildlife, were incorporated on each Representative Farm and surrounding landscape. Landscape variables which influence breeding bird species richness and community composition as determined from BBS routes were measured on simulated farm landscapes. A more heterogeneous landscape results from implementing either scenario. The percent total woods was a significant determinant of bird species richness on the BBS routes and was important in influencing bird communities at the farm- and landscape-level. Other landscape metrics which influenced the bird community composition on BBS routes were woody edge percentages and edge density values. Policies promoting shelterbelts create edge habitats which ultimately favor birds within the Forest-edge/ generalist guild while bird species in need of conservation such as grassland-field species would potentially be negatively affected.

Pierre, J.P., H. Bears, and C.A. Paszkowski. 2001. Effects of Forest Harvesting on Nest Predation in Cavity-nesting Waterfowl. Auk 118:224-230.
Our results show that 1 to 30 months after low-level forest harvesting, depredation of waterfowl artificial cavity nests did not increase and predation was not higher at 50 m compared to 150m from the forest edge adjacent to lakeshores. However, predation levels may change with increasing deforestation in the landscape, and increasing time since forest harvesting, especially if habitat changes induced by forest harvesting affect red squirrel abundance and distribution. The loss of nest cavities may negatively affect waterfowl more strongly than changes in nest predation due to harvesting, particularly at higher levels of forest harvesting. Also, when harvesting is extensive in the landscape older trees, which are more likely to harbor nest cavities, may become concentrated into buffer strips adjacent to lakes. That may increase the risk of nest predation for cavity-nesting waterfowl by creating highly rewarding foraging patches for nest predators. Studies of real waterfowl cavity nests are required to determine the importance of those processes in the boreal forest of western North America.
Pietz, P. DL Johnson. 2009. Influence of Trees in the Landscape on Parasitism Rates of Grassland Passerine Nests in Southeastern North Dakota. Condor 111:36-42.

Woody vegetation has been linked to increased rates of Brown-headed Cowbird (Molothrus ater) parasitism for some grassland hosts. In northern North Dakota, however, studies reported that parasitism of grassland passerine nests was lower in landscapes with trees than in those without trees. We looked for evidence of this pattern elsewhere, using data from two studies conducted on the Sheyenne National Grassland in southeastern North Dakota. Specifically, we examined the probability of parasitism relative to percent tree cover within 2 km of a nest. We found a negative relationship for grassland passerine nests of all species tested. Our results support the suggestion that cowbirds are less likely to parasitize nests of grassland passerines where tree cover on the landscape is greater. This pattern could be explained by cowbirds switching to alternative hosts in woodlands, but this hypothesis needs further testing.
Puckett, K. M., W. E. Palmer, P. T. Bromley, J. R. Anderson Jr., and T. L. Sharpe. 1995. Bobwhite nesting ecology and modern agriculture: field examination with manipulation. Proceedings of the Annual Conference for the Southeastern Association of Fish Wildlife Agencies 49:507–517. 

Northern bobwhite (Colinus virginianus) populations have declined on a continental scale. One factor implicated in the decline is habitat loss through agricultural modernization. To better understand the relationship between northern bobwhite and modern farming, and to examine farm habitat improvement methods, we monitored bobwhite (N = 218) from April to September 1993 and 1994 on two study areas, western (WSA) and eastern (ESA), each divided into one filter strip (FS) (treatment) and one non-filter strip (NFS) (reference) section on Alligator River National Wildlife Refuge's farming units in Dare County, North Carolina. Filter strips were 9.4 m wide planted and natural vegetation buffer zones surrounding drainage-ditches in crop fields. Using radio-telemetry, we followed bobwhite, identified nest incubations and hatchings, and monitored hatched broods. We examined the null hypotheses that number of captures, distances to first nest from capture site, number of nest incubation initiations, nest success, and adult and brood survival would be identical on FS and NFS sections. With equal effort, there were 142 and 65 bobwhite captured on the WSA FS and NFS sections, and 75 and 48 bobwhite captured on the ESA FS and NFS sections, respectively. Pooling data across areas, sections, and years, 42 quail initiated 53 clutches. There were 31 and 3 incubations initiated on the WSA FS and NFS sections, respectively. There were 13 and 6 incubations initiated on the ESA FS and NFS sections, respectively. Pooling across areas, sections, and years there was 1 incubation/3 and 1 incubation/8 transmittered bobwhite on FS and NFS sections, respectively. Pooling clutch (N = 28) data for all areas, sections, and years, clutches averaged 11.7 (SE = 0.75), and declined over time (P = 0.006). Nest success, pooled across years for section, was 32% (N = 44, 14 successful) and 44% (n = 9, 4 successful) for FS and NFS sections, respectively, and did not differ (P > 0.05). Pooling across sections by year, nesting success did not differ between years (P = 0.11), but differed between early (< 15 Jul) and late (> 15 Jul) periods (19.4% and 54.5%, respectively, P — 0.02). Quail on NFS areas exhibited greater movements from capture site to first nest. Pooling survival data across areas, sections, and years sub-adult/adult survival from 1 April to 29 September was 33% (95% CI = 24% - 42%). Brood survival to 28 days (N = 5) ranged from 0%-100% and averaged 68% (SE = 17%). Higher nesting success and high brood survival in the later periods were correlated with maturation of broadcast-planted soybeans.
Puckett, K. M., W. E. Palmer, P. T. Bromley, J. R. Anderson Jr., and T. L. Sharpe. 2000. Effects of filter strips on habitat use and home range of northern bobwhites on Alligator River National Wildlife Refuge. National Quail Symposium Proceedings 4:26–31. http://gamebird.forestry.uga.edu/quailvi/previous/previousconferences/quail4.pdf. Accessed August 4, 2009.
Reeder, K.F. 2004. Factors affecting butterfly use of filter strips in southwestern Minnesota. MS Thesis, Iowa State University, Ames, USA. 
Reeder, K.F., D.M. Debinski, and B.J. Danielson. 2005. Factors affecting butterfly use of filter strips in Midwestern USA. Agriculture, Ecosystems and Environment 109:40-47. 
Filter strips are areas of herbaceous vegetation planted between agricultural fields and streams. In 2002 and 2003, the butterfly community in filter strips of a variety of widths and vegetative compositions was studied. Transect surveys were used to quantify butterfly abundance and diversity and measured vegetative variables in conjunction with each butterfly survey round. Overall butterfly diversity (H0) and abundance of habitat-sensitive butterflies were positively correlated with filter strip width. Using stepwise regression, the best models to explain butterfly abundance included the coverage of forbs and the number of ramets in bloom in the strips, and indicated positive relationships between forbs and the butterfly community (R2 = 0.33 and 0.07, respectively). The models that best explained abundances of large, habitat-sensitive butterflies included the height and vertical density of vegetation. The planting of forbs in filter strips is rare, but may be useful for providing food sources to butterflies.

Reeder, K.F., D.M. Debinski, and B.J. Danielson. 2006. Factors affecting butterfly use of filter strips in southwestern Minnesota. NRCS Technical Note. ftp://ftp-fc.sc.egov.usda.gov/NHQ/ecs/Wild/Butterfly.pdf. Accessed August 4, 2009.
Reid, L. M., and S. Hilton. 1998. Buffering the buffer. Pages 71-80 in R.R. Ziemer, editor. Proceedings of the Conference on Coastal Watersheds: The Caspar Creek Story; held May 6, 1998, in Ukiah, California. USDA Forest Service, Pacific Southwest Research Station, General Technical Report PSW-GTR-168.

Riparian buffer strips are a widely accepted tool for helping to sustain aquatic ecosystems and to protect downstream resources and values in forested areas, but controversy persists over how wide a buffer strip is necessary. The physical integrity of stream channels is expected to be sustained if the characteristics and rates of tree fall along buffered reaches are similar to those in undisturbed forests. Although most tree- fall-related sediment and woody debris inputs to Caspar Creek are generated by trees falling from within a tree's height of the channel, about 30% of those tree falls are triggered by trees falling from upslope of the contributing tree, suggesting that the core zone over which natural rates of tree fall would need to be sustain is wider than the onetree-height's-width previously assumed. Furthermore, an additional width of "fringe" buffer is necessary to sustain appropriate tree- fall rates within the core buffer. Analysis of the distribution of tree falls in buffer strips and un-reentered streamside forests along the North Fork of Caspar Creek suggests that rates of tree fall are abnormally high for a distance of al least 200 m from a clearcut edge, a distance equivalent to nearly four times the current canopy height. The appropriate width of fringe buffer needed to protect the core zone will need to be determined using an analysis of the long-term effects and significance of accelerated tree-fall rates after logging.

Ribic, C. A., and D. W. Sample. 2001. Associations of grassland birds with landscape factors


in southern Wisconsin. American Midland Naturalist 146:105-121.
We investigated the association of grassland birds with field- and landscape-level habitat variables in south-central Wisconsin during 1985–1987. Landscape-level variables were measured and digitized at 200, 400 and 800 m from the perimeter of 38 200 m 3 100 m strip transects. A mixture of field and landscape variables was associated with the density of savannah sparrow (Passerculus sandwichensis) and grasshopper sparrow (Ammodramus savannarum). Only landscape variables were associated with the density of bobolink (Dolichonyx oryzivorus), eastern meadowlark (Sturnella magna) and all birds that were grassland species of management concern. Field size was not an important predictor of bird density. Cover-type diversity of the surrounding area was commonly selected in the models for three species and all birds that were grassland species of management concern. Higher bird densities in the transects were associated with landscapes where the cover types were less diverse. Landscapes with low cover type diversity were dominated by grassland, pasture and hay. Field habitat, mean patch size of cover types and distance to woody vegetation were the next most common predictors of avian density. The density of some grassland birds increased as nonlinear woody features such as woodlots and shrub carrs decreased in patch size, decreased in total amount in the landscape and increased in distance from a transect. However, density of other species was positively associated with linear woody features such as the total amount and nearness of hedgerows. The composition of the surrounding landscape, at least out to 800 m, is important in grassland bird management.
Ribic, C. A., R.R. Koford, J.R. Herkert, D.H. Johnson, N.D. Niemuth, D.E. Naugle, K.K. Bakker, D.W. Sample, and R.B. Renfrew. 2009. Area Sensitivity in North American Grassland Birds: Patterns and Processes. Auk 126:233-244. - http://www.bioone.org/doi/pdf/10.1525/auk.2009.1409
Ries, L., D.M. Debinski, and M.L. Weiland. 2001. Conservation value of roadside prairie restoration to butterfly communities. Conservation Biology 15:401-411.

It has been suggested that restoration of roadsides to native habitat can benefit wildlife by adding habitat and restoring connectivity between fragmented reserves. In Iowa, which has one of the highest road densities in the United States, roadside vegetation has traditionally been managed to maintain a monoculture of exotic grass. Recently, several Iowa counties have begun integrated roadside vegetation management, a program that both restores roadsides to native prairie vegetation and restricts the use of herbicides and mowing. We evaluated the effect of this management regime on butterfly populations along central Iowa roadsides. We surveyed 12 separate prairie roadside areas, comparing the abundance and species richness of disturbance-tolerant and habitat-sensitive butterflies in roadside prairies with those of nearby roadsides dominated by either weeds (primarily non-native legumes) or non-native grasses. We found that management of roadsides profoundly affected the butterfly community. Species richness of habitat-sensitive butterflies showed a two-fold increase in prairie compared with grassy and weedy roadsides (p<0.0001), and abundance increased almost five times more on the prairie than on grassy roadsides (p<0.02). Species richness of disturbance-tolerant butterflies showed no response to roadside management, although abundance was slightly higher in weedy and prairie roadsides than on grassy roadsides (p<0.01). Of all habitat variables explored, the species richness of plants in flower showed the strongest effect on mean richness and abundance of both disturbance-tolerant and habitat-sensitive butterfly species. Although there were higher concentrations of road-killed butterflies near weedy and prairie roadsides than on grassy roadsides, relative numbers indicated that mortality risk was more than twice as high on grassy roadsides (p<0.0001). Tracking studies showed that butterflies were less likely to exit prairie roadsides, indicating that their mortality rates may be lower and offering preliminary evidence that roadsides have the potential to be used as corridors. Overall, our results indicate that roadside restoration benefits butterfly populations. More detailed demographic data are necessary, however, to explore the possibility that roadsides are acting as sink habitat for some habitat-restricted species.
Riffell, S., L.W. Burger Jr., T.B. Watkins. 2009. Evaluating pre-emergence herbicides for establishing native grasses and forbs. Forest and Wildlife Research Center, Mississippi State University, Research Advances 12(2):4 pp. http://www.fwrc.msstate.edu/pubs/native_grasses_advance.pdf
Riddle, J.D. 2007. Maximizing Impacts of Field Borders for Quail and Early-Succession Songbirds: What's the Best Design for Implementation? Ph. D. Dissertation. North Carolina State University, Raleigh. http://www.cfr.msstate.edu/nbci/documents/Riddle_dissertation.pdf. Accessed August 4, 2009. 
Northern bobwhite and many early-succession songbirds have experienced severe population declines in recent decades. Generally, these declines have been the result of habitat loss. Field borders can increase and enhance early-succession habitat for birds on farmland. Additionally, field border establishment and maintenance can be subsidized by a variety of government programs. However, field border characteristics, such as their shape, and the landscape context in which they occur may determine their effectiveness for bird conservation. We established linear and nonlinear field borders on farms in agriculture dominated and forest-dominated landscapes in the Coastal Plain of North Carolina. Prior to field border establishment in 2004, we collected pre-treatment data on songbird density of focal species, nest success, brood parasitism frequency, summer bobwhite abundance, and fall bobwhite covey abundance. After field borders were established (2005 and 2006), we continued to collect data on the aforementioned variables as well as on artificial bobwhite nest success and field border vegetation characteristics. Summer bobwhite abundance increased on farms in agriculture-dominated landscapes from a mean of 0.54 (SE = 0.17) to 1.01 (SE = 0.12) bobwhite/count/farm from pre-treatment to post-treatment years, respectively (P = 0.0188). Summer abundance increased on farms with nonlinear habitats from 0.68 (SE = 0.17) to 1.07 (SE = 0.12) bobwhite/count/farm from pre-treatment to post-treatment years, respectively (P = 0.0352). However, summer abundance did not increase on farms with linear field borders in forest-dominated landscapes. There was a trend toward higher numbers of fall coveys/count on farms in agriculture-dominated landscapes by 0.27 (SE = 0.73) and lower on farms in forest-dominated landscapes by 0.50 (SE = 0.67), but these trends were not significant at the α = 0.05 level. The proportion of depredated artificial bobwhite nests was similar across all treatments (mean = 0.375, SE = 0.042), as were the major vegetation characteristics of the field borders themselves.


Focal songbird species density, nest success probability, and brood parasitism frequency were unaffected by the establishment of field borders. Focal species density (males/7854 m2) was higher on farms in agriculture-dominated landscapes (mean = 1.15, SE = 0.11) than in forest-dominated landscapes (mean = 0.74, SE = 0.11; P = 0.0215). Indigo bunting/blue grosbeak nest success probability was higher on farms in agriculture-dominated landscapes (mean = 0.39, SE = 0.05) than in forest-dominated landscapes (mean = 0.17, SE 0.05; P = 0.0243). Brood parasitism frequency was 0.33 (SE = 0.07), but did not differ between landscapes. Our results suggest that linear and nonlinear field borders can be used to increase bobwhite populations on farms in agriculture-dominated landscapes. Nonlinear field borders can be used to increase bobwhite populations in forest-dominated landscapes. Early succession songbirds did not respond to field borders in our study. However, the same landscapes that were most conducive to bobwhite management were also the highest quality landscapes for early-succession songbirds.

We compared the time-of-detection method for sampling coveys with an empirical logistic regression method. Both methods are unusual in that they account for some coveys not being available for detection. The time-of-detection method provided an estimate of detection probability (0.540, SE = 0.08) that was similar to the empirical method (0.585, SE = 0.13; P = 0.77). The time-of-detection method is less expensive to perform than the empirical method. However, the empirical method may be more useful when the number of covey detections is low, and it can use information from a single count to calculate the detection probability for that count. Surveys conducted with the time-of-detection method and/or the empirical method may produce density estimates that are more comparable to estimates from line-transect methods where coveys are flushed (in environments where line transect methods are appropriate).

Riddle, J. and C. Moorman. 2007. What makes some field border habitats better than others? The Upland Gazette: North Carolina Small Game Notes. Fall 2007. 3pp. http://www.cfr.msstate.edu/nbci/documents/Riddle_Moorman_NCState_pop_article.pdf.

Riddle, J.D., C.E. Moorman, and K.H. Pollock. 2007. The Importance of Habitat Shape and Landscape Context to Northern Bobwhite Populations Journal of Wildlife Management 72:1376–1382. 


Northern bobwhite (Colinus virginianus) populations have declined nationally for at least the past 4 decades. Field borders have been promoted as an important component of conservation plans to reverse this decline. Field border characteristics, such as shape and the landscapes in which the borders are established, have the potential to influence their effectiveness for recovering northern bobwhite populations. We established narrow linear (approx. 3-m-wide) and nonlinear field borders on farms in agriculture-dominated and forest-dominated landscapes in the Coastal Plain of North Carolina, USA, after collecting pretreatment data on summer bobwhite abundance. After establishment of field borders, summer bobwhite abundance nearly doubled on farms in agriculture-dominated landscapes and increased approximately 57% on farms with nonlinear field borders. Summer bobwhite abundance did not increase on farms with linear field borders in forest-dominated landscapes. Nonlinear and narrow linear field borders can be used to increase bobwhite numbers on farms in landscapes dominated by agriculture. Less flexibility exists in forest-dominated landscapes, where we found only nonlinear field borders resulted in an increase.

Robertson, G. P. and S. M. Swinton. 2005. Reconciling agricultural productivity and environmental integrity: a grand challenge for agriculture. Frontiers in Ecology and the Environment 3:38–46.
Agriculture meets a major human need and both affects and depends on all other life support systems. Current trends point to continued human population growth and ever higher levels of consumption as the global economy expands. This will stress the capacity of agriculture to meet food needs without further sacrificing the environmental integrity of local landscapes and the global environment. Agriculture’s main challenge for the coming decades will be to produce sufficient food and fiber for a growing global population at an acceptable environmental cost. This challenge requires an ecological approach to agriculture that is largely missing from current management and research portfolios. Crop and livestock production systems must be managed as ecosystems, with management decisions fully informed of environmental costs and benefits. Currently, too little is known about important ecological interactions in major agricultural systems and landscapes and about the economic value of the ecosystem services associated with agriculture. To create agricultural landscapes that are managed for multiple services in addition to food and fiber will require integrative research, both ecological and socioeconomic, as well as policy innovation and public education.
Ryan, M. R. 2000. Impact of the Conservation Reserve Program on wildlife conservation in the Midwest. Pages 45-54 in W.L. Hohman and D.J. Halloum, editors. A comprehensive review of Farm Bill contributions to wildlife conservation, 1985-2000. U.S. Department of Agriculture, Natural Resources Conservation Service, Wildlife Habitat Management Institute, Technical Report, USDA/NRCS/WHMI-2000.
Evidence that the Conservation Reserve Program (CRP) created habitat used by grassland birds in the Midwest is unquestionable. Strong evidence that avian abundance in CRP habitats was substantially higher than in rowcrop habitats typically replaced by CRP plantings has accumulated. Additionally, reported nest abundance in CRP habitat was an order of magnitude greater than that in rowcrop sites. Nest success for birds breeding in CRP was reported to be approximately equal to, or higher than, that measured in alternative agricultural or grassland habitats. Limited evidence indicates that reproductive success and survival in CRP habitats in the Midwest were of sufficient quality to yield positive population growth for a few species (including several of high conservation concern). However, data linking the establishment of CRP habitat to positive population growth has been reported for only two grassland bird species in the Midwest. Overall, the evidence accumulated to date indicates that CRP habitat in the Midwest likely contributes to the population stability or growth of many, but not all, grassland bird species.
Sample, D. W., and M. J. Mossman. 1997. Managing habitat for grassland birds: a guide for Wisconsin. Wisconsin Department of Natural Resources, Madison, Wisconsin, USA. http://www.npwrc.usgs.gov/resource/birds/wiscbird/. Accessed August 4, 2009. 
Santelmann, M.V., D. White, K. Freemark, J.I. Nassauer, J.M. Eilers, K.B. Vache, eee B.J. Danielson, R.C. Corry, M.E. Clark, S. Polasky, R.M. Cruse, J. Sifneos, H. Rustigian, C. Coiner, J. Wu and D.M. Debinski. 2004. Assessing alternative futures for agriculture in Iowa, U.S.A. Landscape Ecology 19:357-374.

The contributions of current agricultural practices to environmental degradation and the social problems facing agricultural regions are well known. However, landscape-scale alternatives to current trends have not been fully explored nor their potential impacts quantified. To address this research need, our interdisciplinary team designed three alternative future scenarios for two watersheds in Iowa, USA, and used spatially-explicit models to evaluate the potential consequences of changes in farmland management. This paper summarizes and integrates the results of this interdisciplinary research project into an assessment of the designed alternatives intended to improve our understanding of landscape ecology in agricultural ecosystems and to inform agricultural policy. Scenario futures were digitized into a Geographic Information System GIS, visualized with maps and simulated images, and evaluated for multiple endpoints to assess impacts of land use change on water quality, social and economic goals, and native flora and fauna. The Biodiversity scenario, targeting restoration of indigenous biodiversity, ranked higher than the current landscape for all endpoints biodiversity, water quality, farmer preference, and profitability. The Biodiversity scenario ranked higher than the Production scenario which focused on profitable agricultural production in all endpoints but profitability, for which the two scenarios scored similarly, and also ranked higher than the Water Quality scenario in all endpoints except water quality. The Water Quality scenario, which targeted improvement in water quality, ranked highest of all landscapes in potential water quality and higher than the current landscape and the Production scenario in all but profitability. Our results indicate that innovative agricultural practices targeting environmental improvements may be acceptable to farmers and could substantially reduce the environmental impacts of agriculture in this region.
Santelmann, M.V., D. White, K. Freemark, J.I. Nassauer, J.M. Eilers, K.B. Vache, B.J. Danielson, R.C. Corry, M.E. Clark, S. Polasky, R.M. Cruse, J. Sifneos, H. Rustigian, C. Coiner, J. Wu and D.M. Debinski. 2007. An integrated assessment of alternative futures for corn belt agriculture. Pages162-174 in J. Nassauer, editor. From the Corn Belt to the Gulf, Resources for the Future Press. Washington, D.C.

Saracco, J.E. and J.A. Collazo. 1999. Predation on artificial nests along three edge types in a North Carolina bottomland hardwood forest. Wilson Bulletin 111:541-549.
Many researchers have reported high rates of nest predation near forest edges. However, edges may be of various types (e.g., interior or exterior, abrupt or gradual), which may not always result in elevated predation. We compared predation rates on artificial arboreal nests along three types of edges in a bottomland forest in North Carolina during the 1996 breeding season. Edge types were forest-farm, forest-river, and the transition zone between the two dominant forest types in the floodplain (cypress-gum swamps-natural levees). We tested for differences in predation rates using two egg types: Northern Bobwhite (Colinus virginianus) and clay eggs. Predation rates were higher (P < 0.05) along forest-farm edges than along the other two edges. Predation rates did not differ between forest-river and transition zone edges. Patterns of predation on the two egg types and higher avian predator abundance on forest-farm edges suggested that avian predators may have exerted more predation pressure along these edges. These results are consistent with other studies, which suggest that encroachment by agriculture into forested landscapes may negatively affect breeding birds. Our findings also suggest that not all edge types are equivalent in terms of predation rates. This is important in assessing the conservation value of bottomland forests, which may contain various edge types resulting from natural processes (e.g., hydrodynamics).
Saunders, W.C. and K.D. Fausch. 2007. Improved Grazing Management Increases Terrestrial Invertebrate Inputs that Feed Trout in Wyoming Rangeland Streams. Transactions of the American Fisheries Society 136:1216–1230.

Research in forest and grassland ecosystems worldwide indicates that terrestrial invertebrates can be a significant source of prey for fish, providing about 50% of their annual energy. We examined whether input of terrestrial invertebrates to rangeland streams in western Wyoming provides an important prey resource for brown trout Salmo trutta and brook trout Salvelinus fontinalis and how it is modified by livestock grazing. During summers of 2004 and 2005 we sampled falling invertebrate input and trout diets in five pairs of streams that had riparian zones under two different grazing systems: high-density, short-duration (HDSD) grazing versus season-long (SL) grazing. The biomass of riparian vegetation and the input of terrestrial invertebrates were two to three times greater in reaches with riparian zones under HDSD than under SL grazing management. Likewise, the afternoon diets of individual trout in HDSD reaches had, on average, about twice as much terrestrial invertebrate biomass during summer than those of trout in SL reaches, but this was statistically significant only during late summer due to high variability. Overall, 57% of the afternoon diets of trout in reaches under both grazing systems consisted of terrestrial prey. Diel diet sampling during August 2005 showed that fish in HDSD reaches also had consumed more aquatic invertebrate prey, primarily at night. Total trout biomass in HDSD reaches was more than twice that in SL reaches. These results suggest that in rangeland streams of the western United States, both terrestrial and aquatic invertebrates are important prey resources for trout and that improved grazing management has the potential to influence fish populations through multiple food web pathways. 

Saunders, W.C. and K.D. Fausch. 2007. A Field Test of Effects of Livestock Grazing Regimes on Invertebrate Food Webs that Support Trout in Central Rocky Mountain Streams. Annual Report Stream Fish Ecology Laboratory, Department of Fish, Wildlife, and Conservation Biology, Colorado State University
Schlossberg, S. and D.I. King. 2008. Are shrubland birds edge specialists? Ecological Applications 18:1325–1330.

In studies of forest fragmentation, birds of scrubby, early-successional habitats are considered edge specialists. Because these birds are assumed to thrive in fragmented, edge dominated areas, their landscape ecology has received little attention from ecologists. With populations of shrubland birds declining throughout the eastern United States, the question of whether or not these birds really prefer edge habitats has important conservation implications. We used a meta-analysis to test how edges affect the abundance of shrubland birds in early successional habitats. We analyzed data for 17 species from seven studies that compared the abundances of birds in the interiors and edges of regenerating clearcuts surrounded by mature forest. The meta-analysis clearly showed that shrubland birds avoid edges. All 17 species tested had higher abundances in patch centers than along edges, and edge effects were significant for 8 of 17 species. The key implication of this result is that small or irregular patches, dominated by edge, are unlikely to provide suitable habitat for shrubland birds. Thus, management for these declining species should involve providing large patches and minimizing edges. These findings demonstrate the importance of testing widely accepted ecological classifications and the need to view landscape ecology from the perspective of non-forest wildlife.

Schmitt, T. J., M. G. Dosskey, and K. D. Hoagland. 1999. Filter strip performance and processes for different vegetation, widths, and contaminants. Journal of Environmental Quality 28:1479-1489.
Schultz, R.C., T.M. Isenhart, W.W. Simpkins, and J.P. Colletti. 2004. Riparian forest buffers in agroecosystems – lessons learned from the Bear Creek Watershed, central Iowa, USA. Agroforestry Systems 61:35-50.

Intensive agriculture can result in increased runoff of sediment and agricultural chemicals that pollute streams. Consensus is emerging that, despite our best efforts, it is unlikely that significant reductions in nutrient loading to surface waters will be achieved through traditional, in-field management alone. Riparian forest buffers can play an important role in the movement of water and NPS (non-point source) pollutants to surface water bodies and ground water. Riparian buffers are linear in nature and because of their position in the landscape provide effective connections between the upland and aquatic ecosystems. Present designs tend to use one model with a zone of unmanaged trees nearest the stream followed by a zone of managed trees with a zone of grasses adjacent to the crop field. Numerous variations of that design using trees, shrubs, native grasses and forbs or nonnative cool-season grasses may provide better function for riparian forest buffers in specific settings. Properly designed riparian buffers have been shown to effectively reduce surface NPS pollutant movement to streams and under the right geological riparian setting can also remove them from the groundwater. Flexibility in design can also be used to produce various market and nonmarket goods. Design flexibility should become more widely practiced in the application of this agroforestry practice.
Schultz, R.C., J.P. Colletti, T.M. Isenhart, W.W. Simpkings, C.W. Mize, and M.L. Thompson. 1995. Design and Placement of a Multi-species Riparian Buffer Strip. Agroforestry Systems 29:201-225.

Switchgrass is preferred because its dense, stiff stems slow the overland flow of water, allowing water to infiltrate and sediment carried by water to be deposited in the buffer area. In addition, switchgrass produces an extensive and deep root system, much of which is replaced annually, providing large amounts of organic matter to the soil. Organic matter improves soil quality by increasing infiltration rates and microbial activity. Where surface runoff is not a major problem, other permanent warm-season grasses such as Indian grass, big bluestem, and little bluestem can be used, however; always maintain a 10-ft. switchgrass strip at the edge of a crop field. Black-eyed susan and purple- and gray-headed coneflower also might be planted with grass to intercept surface runoff that might occur. Mixing other warm-season grasses with switchgrass hybrids is not a good idea because the switchgrass will usually out-compete other grasses. Native forbs also may be part of the mix, especially if they are seeded in clumps with other native grasses. Cool-season grasses, such as brome and fescue, are not appropriate for the grass zone because they do not tend to remain upright under the flow of water. They also produce up to eight times less root mass than native grasses and, therefore, do not improve soil quality as quickly or as much as the same planting of warm-season grasses.

Semlitsch, R. D. and J. R. Bodie. 2003. Biological criteria for buffer zones around wetlands and riparian habitats for amphibians and reptiles. Conservation Biology 17:1219-1228.
Terrestrial habitats surrounding wetlands are critical to the management of natural resources. Although the protection of water resources from human activities such as agriculture, silviculture, and urban development is obvious, it is also apparent that terrestrial areas surrounding wetlands are core habitats for many semiaquatic species that depend on mesic ecotones to complete their life cycle. For purposes of conservation and management, it is important to define core habitats used by local breeding populations surrounding wetlands. Our objective was to provide an estimate of the biologically relevant size of core habitats surrounding wetlands for amphibians and reptiles. We summarize data from the literature on the use of terrestrial habitats by amphibians and reptiles associated with wetlands (19 frog and 13 salamander species representing 1363 individuals; 5 snake and 28 turtle species representing more than 2245 individuals). Core terrestrial habitat ranged from 159 to 290 m for amphibians and from 127 to 289 m for reptiles from the edge of the aquatic site. Data from these studies also indicated the importance of terrestrial habitats for feeding, overwintering, and nesting, and, thus, the biological interdependence between aquatic and terrestrial habitats that is essential for the persistence of populations. The minimum and maximum values for core habitats, depending on the level of protection needed, can be used to set biologically meaningful buffers for wetland and riparian habitats. These results indicate that large areas of terrestrial habitat surrounding wetlands are critical for maintaining biodiversity.

Skibbe, J. D. 2005. Butterfly community composition in fragmented habitats: Effects of patch shape and spatial scale. MS Thesis, Iowa State University, Ames, USA.
Smith, M.D. 2001. Northern bobwhite population response to intensive habitat development on a prairie site in Mississippi. MS Thesis, Mississippi State University, Mississippi State, USA.

Smith, M.D. 2004. Wildlife habitat benefits of field border management practices in Mississippi. Ph.D. Dissertation, Mississippi State University, Mississippi State, USA.

Smith, M.D., P.J. Barbour, L.W. Burger, Jr., and S.J. Dinsmore.  2005a. Breeding bird abundance and diversity in agricultural field borders in the Black Belt prairie of Mississippi. Proceedings of the Annual Conference of the Southeastern Association of Fish and Wildlife Agencies 59:43-56.
Conservation buffer practices implemented under U.S. Department of Agriculture (USDA) Farm Bill programs offer opportunities for enhancing breeding season habitat for farmland birds. Recently, CP33 (Habitat Buffers for Upland Birds) was added as a new continuous Conservation Reserve Program (CRP) practice designed to address habitat goals for northern bobwhite (Colinus virginianus) under the Northern Bobwhite Conservation Initiative. However, it is presumed that this practice will also benefit other birds. To evaluate potential benefits of CP33 field borders for farmland birds, we established a total of 89.0 km of experimental field borders (6.1-m wide) along agriculture field edges on three 405-ha farms in Clay and Lowndes counties, Mississippi. We used 200-m x 20-m strip transects to measure abundance and diversity of birds inhabiting bordered and non-bordered field edges. Indigo bunting (Passerina cyanea) and dickcissel (Spiza americana) abundances were nearly twofold greater along bordered field edges. However, mourning dove (Zenaida macroura), northern cardinal (Cardinalis cardinalis), and common grackle (Quiscalus quiscula) abundances did not differ between bordered and non-bordered field edges. Field borders adjacent to strip habitats (i.e., fencerows, drainage ditches) had greater total bird and redwinged blackbird (Agelaius phoeniceus) abundance than non-bordered edges adjacent to strip habitats. Species richness was greater along bordered than non-bordered edges. Within intensive agricultural landscapes where large-scale grassland restoration is impractical, USDA conservation buffer practices such as field borders (CP33) may be useful for enhancing local breeding bird richness and abundance.

Smith, M.D., P.J. Barbour, L.W. Burger, Jr., and S.J. Dinsmore. 2005b. Density and diversity of overwinter birds in managed field borders in Mississippi. Wilson Journal of Ornithology 117:258–269.

Grassland bird populations are sharply declining in North America. Changes in agricultural practices during the past 50 years have been suggested as one of the major causes of this decline. Field-border conservation practices encouraged by the U.S. Department of Agriculture’s National Conservation Buffer Initiative meet many of the needs of sustainable agriculture and offer excellent opportunities to enhance local grassland bird populations within intensive agricultural production systems. Despite the abundant information on avian use of, and reproductive success in, strip habitats during the breeding season, few studies have examined the potential value of field borders for wintering birds. We planted 89.0 km of field borders (6.1 m wide) along agricultural field edges on one-half of each of three row crop and forage production farms in northeastern Mississippi. We sampled bird communities along these field edges during February–March 2002 and 2003 using line-transect distance sampling and strip transects to estimate density and community structure, respectively. We used Program DISTANCE to estimate densities of Song (Melospiza melodia), Savannah (Passerculus sandwichensis), and other sparrows along bordered and non-bordered transects while controlling for adjacent plant community. Greater densities of several sparrow species were observed along most bordered transects. However, effects of field borders differed by species and adjacent plant community types. Diversity, species richness, and relative conservation value (a weighted index derived by multiplying species-specific abundances by their respective Partners in Flight conservation priority scores) were similar between bordered and non-bordered edges. Field borders are practical conservation tools that can be used to accrue multiple environmental benefits and enhance wintering farmland bird populations. Provision of wintering habitat at southern latitudes may influence population trajectories of short-distance migrants of regional conservation concern. Evaluation of wintering songbird use of 20-ft wide field borders along rowcrop and forage crop fields in MS. Effects of field borders differed by species and adjacent plant community type. Diversity, species richness, and relative conservation value were similar between bordered and non-bordered edges.
Smith, M.D., and L.W. Burger, Jr.  2005.  Use of imprinted northern bobwhite chicks to assess habitat-specific arthropod availability.  Wildlife Society Bulletin 33:596–605. 

Arthropod abundance commonly is used as an index for brood-habitat quality for northern bobwhite (Colinus virginianus) chicks. However, conventional arthropod sampling techniques may not measure the abundance of arthropods available to chicks. Human imprinted chicks have been used to jointly measure arthropod abundance and availability; however, no studies have examined potential differences in growth rates and foraging behavior between pen and wild-strain chicks. Likewise, use of internal ligatures has not been tested. We compared growth (g/day) and foraging rates (g/chick/30 minutes) between pen and wild-strain chicks and foraging rates between ligatured and nonligatured chicks. At 9 days post-hatch, pen-strain chicks (LSMEANS=20.315, SE=0.456) weighed more than wild-strain chicks (LSMEANS=17.665, SE=0.556; F1,1013=32.34, P<0.001). Foraging rate did not differ between ligatured (x¯=0.041, SE=0.007) and nonligatured (x¯=0.028, SE=0.004) chicks (t38=–1.69, P=0.100). Pen-strain chicks consumed slightly greater dry biomass than wild-strain chicks, but both consumed similar-sized arthropods. Ligatured, commercially produced chicks may serve as a reasonable biological assay for indexing arthropod availability and brood-habitat quality for wild northern bobwhite chicks.
Smith, M.D., and L.W. Burger, Jr.  2009.  Population response of northern bobwhite to field border management practices in Mississippi.  Proceedings of the National Quail Symposium In press.

Empirical relationships of the intensity and spatial extent of field border management required to elicit measurable population responses of northern bobwhite are needed. We established 90.5km of herbaceous field borders (6.1 m wide) along row crop field edges on one half of each of 3 - 800-ha agricultural landscapes in northeast Mississippi. Mean percentage of row crop fields established in field borders was 6.0%. During 2000-2002, we measured breeding season abundance and fall density on all 3 sites and survival of radiomarked bobwhite on 2 of the 3 sites. We used space-use models of bobwhite habitat composition and configuration to estimate changes in habitat suitability resulting from field border implementation. Breeding season survival did not differ between bordered (S = 37.2, SE = 0.06) and non-bordered (S = 42.7, SE = 0.09; Chi-squared = 0.001, P = 0.97) sites. Moreover, bordered and non-bordered sites did not differ significantly with respect to breeding season call counts (bordered = 1.0, SE = 0.18; non-bordered = 0.8, SE = 0.27; F (1;10) = 0.44, P = 0.22) and fall density (bordered = 0.2 birds/ac, SE = 0.07; non-bordered = 0.1 birds/ac, SE = 0.05; F(1;10) = 2.18, P = 0.17). However, field borders increased the amount of usable space on average up to 13.1% on bordered landscapes. The relatively low percentage of field borders established on our sites was not sufficient to elicit measurable population responses of bobwhite. We recommend at least 5-10% of a study area be placed in field border habitats to enhance local bobwhite populations.
Steinblums, I.J., H.A. Froelich, and J.K. Lyons. 1984. Designing stable buffer strips for stream protection. Journal of Forestry 82(1):49-52.

On 40 streamside buffer strips in the Cascade Mountains of western Oregon, stability was a function of one vegetation and six topographic variables, and shading was related to three characteristics of buffer strips and one of adjacent clearcuts. Prediction equations were developed from these relationships to aid assessment of stream protection in proposed harvest designs and to aid rapid evaluation of design modification. Options can be quantified so that the most suitable design may be chosen.

Sutcliffe, O. L., V. Bakkestuen, G. Fry, and O. E. Stabbetorp. 2002. Modeling the benefits of farmland restoration: methodology and application to butterfly movement. Landscape and Urban Planning 63:15-31.
The overall quality of the landscape is important for conserving biodiversity. In a fragmented landscape, movement and dispersal capacity are important factors in determining which species are able to persist. To examine the role of landscape structure and pattern on movement, we developed a simple model to predict the “least-cost” pathway a species would take through an agricultural landscape matrix between habitat fragments by assigning friction values to different habitat types. Our model was validated by using empirical data on inter-patch movement for two butterfly species. As a measure of the ecological distance between habitat patches, the least-cost path model was a better predictor of butterfly movement than Euclidean distance. Ranking several hypothetical management scenarios, illustrated the potential of the model as a decision-support tool. Removal of all infrastructure from within arable fields would significantly reduce rates of inter-patch movement. However, if all boundaries between arable fields were restored to grassy banks this would significantly increase the connectivity between sub-populations. Planners widely recommend using corridors to connect fragments of remnant habitat despite relatively little empirical evidence to show that dispersal of individuals is enhanced by this practice. Our model showed that important aspects of species movement and, hence, survival can be expressed in models suitable for area planning and management.
Teels, B.M., R.A. Rewa, J. Myers. 2006. Aquatic Condition Response to Riparian Buffer Establishment. Wildlife Society Bulletin 34:927–935.
Although riparian buffers established along streams in agricultural landscapes are expected to provide water-quality functions similar to natural ecosystems, few studies have documented specific changes in the condition of aquatic resources resulting from buffer establishment. In 2000 the Commonwealth of Virginia, USA, began an extensive cooperative venture under the Chesapeake Bay Initiative to establish riparian buffers on agricultural lands, primarily through United States Department of Agriculture’s Conservation Reserve Enhancement Program (CREP). Prior to CREP implementation, the Natural Resources Conservation Service (NRCS) developed a regionally tailored fish Index of Biotic Integrity (IBI) for use as a watershed assessment technique in Northern Virginia. Using this regional IBI framework, we evaluated the effects of recently established riparian buffers on aquatic condition. Within the geographic scope of the regional IBI, we evaluated all buffer segments planned between 2000 and 2003. Cumulatively during this period, we assessed stream physical condition on 36 buffer sites and 12 reference sites using the NRCS Stream Visual Assessment Protocol (SVAP); we also assessed the aquatic community at these sites using the IBI. Improvements in stream condition were clearly demonstrated at certain sites within one year of buffer establishment. Although not all buffer projects responded with positive trends, mean SVAP and IBI scores for buffered sites increased over the course of the study, whereas the trend on reference sites was level or slightly downward. We observed positive IBI response at sites with highly disturbed local conditions prior to buffer establishment combined with small, relatively undisturbed watersheds above. Simple solutions such as buffer establishment alone cannot be expected to protect streams from adverse human impacts that occur at a broader scale. Therefore, riparian restoration should be planned and carried out in concert with other conservation practices at a watershed scale in a way that maximizes buffer effectiveness. 
Timoney, K. P., G. Peterson, and R. Wein. 1997. Vegetation development of riparian plan communities after flooding, fire, and logging, Peace River, Canada. Forest Ecology and Management 93:101-120.

In this study, we compare and contrast vegetation development following natural and logging disturbances in a major boreal river valley. Permanent sample plots and releves were establish and  sampled for vegetation and landscape attributes in June and July of 1993 and 1994 in the Peace River Lowlands, Wood Buffalo National Park, Canada. In the Peace River Lowlands, primary succession is a flood-origin process. Secondary succession may be either autogenic through gap dynamics mediated by nursery logs, buried wood, and suckering, or allogenic, following fire or logging. Flood origin accounts for 72% and fire origin for 29% of the undisturbed forests. From 19561-1995, 24% of the forest land burned, yielding a fire return interval of 186 years. Forest successional trajectories are set soon after flood, logging, or fire, with little evidence of gradual replacement of one forest type by another. Vegetation composition and relative species abundance are strongly correlated with living moss depth, moss- lichen total cover, total tree cover, herb cover, and canopy height. Species with high indicator value are Hylocomium splendens, Picea glauca, Pyrola chlorantha, Equisetum pratense, and Epilobium angustifolium. Strong correlations exist between white spruce tree density and canopy height, total tree cover and canopy height, total tree cover and basal area per hectare, basal area and canopy height, and between canopy height and surface area. Clearcuts are initially dominated by rose-raspberry followed by balsam poplar (with lesser amounts of Alaska birch and aspen). After logging, temporal changes in composition and dominance occur more rapidly than during natural succession. There is no evidence of post-logging convergence toward the original white spruce and mixedwood forests; a long-term deciduous disclimax is predicted. Vegetation associations, successional pathways, landscape relationships, ad ecological benchmarks are identified.
Tscharntke, T., I. Steffan-Dewenter, A. Kruess, and C. Thies. 2002. Contribution of small habitat fragments to conservation of insect communities of grassland-cropland landscapes. Ecological Applications 12:354-363.
Habitat destruction and fragmentation of remaining habitat are major threats to global biodiversity. In this paper, we drew upon data from grassland butterflies, legume feeding herbivores and their parasitoids, and the interactions between rape pollen beetles and their parasitoids in the agricultural landscapes of Germany to explore the following issues: (1) the relative importance of small habitat fragments for the conservation of biodiversity (in contrast to the prevailing arguments in favor of large fragments); (2) the disruption of interspecific interactions in fragmented habitats; and (3) the relative importance of the spatial arrangement of habitat fragments in landscapes of different complexity. The percentage of polyphagous butterfly species and their abundance were higher in small than in large calcareous grassland fragments, showing the relative importance of the landscape surrounding habitat fragments for less specialized species. A landscape perspective is also needed to explain why several small fragments supported more butterfly species (even when only endangered species were considered) than the same area composed of only one or two fragments. Analyses of insects on legumes showed trophic-level differences, in that species numbers of parasitoids, but not of herbivores, benefited from habitat subdivision in landscapes. As percentage of parasitism (i.e., the strength of ecological interactions) increased with fragment area, both the ‘‘several small’’ and ‘‘single large’’ strategies appeared to have merit. An intermediate-fragmentation strategy of habitat conservation in human-dominated landscapes may combine the advantages. Small habitat fragments should be scattered enough to cover a range of geographical area wide enough to maximize beta diversity and the spreading of risk, but with large habitat fragments close enough to enable dispersal among fragments, to reduce the extinction probability of area sensitive species, and to stabilize predator–prey interactions. Parasitism of rape pollen beetles exhibited a distinct edge effect: it was higher near the crop field edge, i.e., near the parasitoids’ overwintering sites (such as grassy strips). However, this was only true in landscapes dominated by annual crops; in landscapes with a high percentage of permanent noncrop area (.20%), such edge effects disappeared, presumably because of the high overall density of these parasitoids. These data indicate that spatial configuration is important to mitigate extinction risks when habitat availability in a landscape is low, whereas no effect will be observed when overall area of habitat is high.
Tufekcioglu, A., J.W. Raich, T.M. Isenhart and R.C. Schultz. 1999. Fine root dynamics, coarse root biomass, root distribution, and soil respiration in a multispecies riparian buffer in Central Iowa, USA. Agroforestry Systems 44:163-174. 
By influencing belowground processes, streamside vegetation affects soil processes important to surface water quality. We conducted this study to compare root distributions and dynamics, and total soil respiration among six sites comprising an agricultural buffer system: poplar (Populus x euroamericana' Eugenei), switchgrass, cool-season pasture grasses, corn (Zea mays L.), and soybean (Glycine max (L.) Merr.). The dynamics of fine (0-2 mm) and small roots (2-5 mm) were assessed by sequentially collecting 35 cm deep, 5.4 cm diameter cores from April through November. Coarse roots were described by excavating 1 x 1 x 2 m pits and collecting all roots in 20 cm depth increments. Root distributions within the soil profile were determined by counting roots that intersected the walls of the excavated pits. Soil respiration was measured monthly from July to October using the soda-lime technique. Over the sampling period, live fine-root biomass in the top 35 cm of soil averaged over 6 Mg ha-1 for the cool season grass, poplar, and switchgrass sites while root biomass in the crop fields was <2.3 Mg ha-1 at its maximum. Roots of trees, cool-season grasses, and switchgrass extended to more than 1.5 m in depth, with switchgrass roots being more widely distributed in deeper horizons. Root density was significantly greater under switchgrass and cool-season grasses than under corn or soybean. Soil respiration rates, which ranged from 1.4-7.2 g C m-2 day-1, were up to twice as high under the poplar, switchgrass and cool-season grasses as in the cropped fields. Abundant fine roots, deep rooting depths, and high soil respiration rates in the multispecies riparian buffer zones suggest that these buffer systems added more organic matter to the soil profile, and therefore provided better conditions for nutrient sequestration within 
the riparian buffers

Tufekcioglu, A., J.W. Raich, T.M. Isenhart, and R.C. Schultz. Biomass, carbon and nitrogen dynamics of multi-species riparian buffers within an agricultural watershed in Iowa, USA. Agroforestry Systems 57:187-198.
Switchgrass had the highest live fine root biomass, but soil respiration was lower in switchgrass sites than in poplar and cool-season grass sites. This might be due to either relatively low root turnover, low root respiration of switchgrass, or low C:N ratio of switchgrass detritus. Hartnett (1989) reported that switchgrass produced long-lived rhizomes and maintained intact rhizome interconnections among stems up to 10 y. Substrate quality and root respiration differences between the switchgrass and cool-season grasses might also result in different soil respiration rates. For example, Wedin (1995) reported that lowquality litter from the prairie grass Schizachyrium scoparium (Michx.) Nash., a C4 species, decomposed slowly and immobilized large amounts of N, whereas litter from the C3 grass Agropyron repens (L.) Beauv. decomposed faster and showed no net N immobilization. We hypothesize that physiological or substrate-quality differences between switchgrass and the cool-season grass species may lead to lower rates of C cycling in the soils beneath switchgrass.

USDA U.S. Forest Service. 1995. Report to Congress, synthesis: anadromous fish habitat assessment. USDA Forest Service. Alaska Region and Pacific Northwest Research Station. R10-MB-279.

The document, generally known as AFHA, includes a summary of the riparian management standards, including buffers, that were in place on the Tongass National Forest at the time of publication. The assessment includes three sections: a literature review, an evaluation of existing standards by a panel of experts, and a summary of three watershed analyses conducted on Game, Kadake, and Old Franks creeks. A synthesis of the three sections by an oversight team concluded that the existing riparian management standards, which included mandatory 100- foot no-cut buffers on anadromous fish streams and on resident fish streams that flow into anadromous streams, did not provide adequate long-term protection for salmon and steelhead habitats.
USDA Natural Resources Conservation Service. 2006a. Native Warm-Season Grasses and Legume Buffers for Wildlife Habitat Enhancement in Agricultural Landscapes. NRCS Technical Note. http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=18474.wba. Accessed June 3, 2009.
USDA-NRCS. 2006b. Effects of Herbaceous Field Borders on Farmland Birds in the Mississippi Alluvial Valley. NRCS Technical Note. http://policy.nrcs.usda.gov/OpenNonWebContent.aspx?content=18511.wba. Accessed June 3, 2009.
USDA Natural Resources Conservation Service Agricultural Wildlife Conservation Center. 2009. Northern Bobwhite Restoration Project – 13 summaries from 11 technology development projects in 9 states that evaluated conservation practices to meet population and habitat goals of the Northern Bobwhite Conservation Initiative. Madison, MS. 13pp.  http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=25011.wba. 
· Summer fire, rollerdrum chopping could double Florida rangeland quail numbers
· Farm Bill conservation practices improve northern bobwhite habitat
· Field border size and shape make a difference for northern bobwhite 

· Quadruple northern bobwhite numbers with buffers that connect block habitats

· Woody cover and deferred grazing make habitat for quail in Texas High Plains

· Northern bobwhite chicks survive better in restored habitat Arkansas study shows

· Spray tall fescue in the fall to stimulate native warm-season grasses for quail

· Farmers will use some, not all, practices to help quail, Missouri survey shows

· Managing CRP fields increases bobwhite numbers, Illinois study shows

· Fire, heavy disking, other management maintain bobwhite habitat in Tennessee

· Burning, disking evaluated as bobwhite management in South Carolina

· More songbirds and quail with prescribed fire and strip disking in Arkansas
· Summer fire, rollerdrum chopping could double Florida rangeland quail numbers
· Field border size and shape make a difference for northern bobwhite

· Quadruple northern bobwhite numbers with buffers that connect block habitats

USDA Natural Resources Conservation Service Agricultural Wildlife Conservation Center. 2009. One-Page Summaries. Madison, MS. http://www.whmi.nrcs.usda.gov/technical/Summaries.html. Accessed August 3, 2009. 

Light discing enhances early successional habitat with negligible erosion 
Delay hay cuttings to allow birds to successfully fledge young 
Safe watering sites help bats, birds and other wildlife 
Field borders: important habitat for birds in intensive agricultural lands 
Hawk habitat on grazed rangelands reconfirmed at the Zumwalt Prairie 
Diverse plantings in wider filter strips attractive to songbirds 
Landscape surrounding grass fields important to grassland birds
Restoring longleaf pine forests with birds in mind 
Survey abandoned mines for bat use before closing 
Bird use found similar in warm- and cool-season grass filter strips 
Decision support tools available to help plan for grassland birds 
Use basic forest management to benefit bats, friends of the forest 
Naturally vegetated buffers work for wildlife and water quality
Frogs and fish respond to wetlands restored with microtopography
Corridors Handbook and case study can help plan watershed scale wildlife projects 
Grassland birds colonize restored CRP grasslands, return each year to breed 
Buffers may need to be much wider to help nesting birds
Natural Heritage data links conservation practice benefits to rare, at-risk species 
Early successional birds overwinter in restored native grasses in the Southeast 
Leaflets provide information about food, cover and other habitat needs for wildlife
Amphibians and reptiles declining: habitat management guidelines available
Agricultural wetlands in the Willamette Valley offer important shorebird habitat 
CRP Grasslands attract a more diverse grassland bird population 
Off-stream dugout livestock watering ponds offer habitat for Topeka Shiner 
More butterfly species in wide buffer strips with tall, native grasses 
What bobwhites want: research results from 11 projects across the quail range 
Field border size and shape make a difference for northern bobwhite
Woody cover and deferred grazing make habitat for quail in Texas High Plains 
Quadruple northern bobwhite numbers with buffers that connect block habitats 
More songbirds and quail with prescribed fire and strip disking in Arkansas 
Burning, disking evaluated as bobwhite management in South Carolina 
Spray tall fescue in the fall to stimulate native warm-season grasses for quail 
Northern bobwhite quail chicks survive better in restored habitat, Arkansas study shows 
Summer fire, rollerdrum chopping could double Florida rangeland quail numbers 
Sculpt brush, graze rangelands in Texas Rolling Plains to benefit bobwhites 
Farmers will use some, not all, practices to help quail, Missouri survey shows 
Managing CRP fields increase bobwhite numbers, Illinois study shows 
Fire, heavy disking, other management maintain bobwhite habitat in Tennessee 
Farm Bill conservation practices improve northern bobwhite habitat 
Grassed waterways are habitat for birds, snakes 
Grass filter strips provide good breeding and wintering habitat for birds
Riparian areas critical for migratory birds, other wildlife in the Great Basin 
Reforest near large existing forests to benefit birds 
SVAP2: check small stream health with updated tool from NRCS 
Make more use of bats in integrated pest management 
Reduced yields at field edges can make CRP grass buffers an economic option 
MARIS– a wealth of lake and stream information with a single internet click 
High density, short-duration grazing good for trout as well as cattle 
Wetland and grassland birds benefit from the Farmable Wetlands Program 
Juvenile salmon, other fish benefit from enhanced wetlands in flood plains 
Combination of CRP and rangeland may be best for lesser prairie-chickens 
Crop residues offer food, cover for birds and small mammals 
Native fish, amphibians use drainage channels in grass seed lands of Oregon 
Ranchettes spell trouble for conservation of native species 
Manage utility rights-of-way for effective wildlife habitat 
Similar wildlife value found in clustered, dispersed housing developments 
Burning and disking Midwestern flood plains benefit ground nesting birds 
Habitat patches for grassland birds: size matters 
More pheasants in landscapes with large CRP blocks, computer model predicts
USDA Natural Resources Conservation Service - Illinois. 2001a. Windbreak/Shelterbelt Wildlife Job Sheet Insert 380W. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/wildlife/ILWindbrk.pdf. Accessed September 30, 2008.  

-----. 2001b. Grassed Waterway Wildlife Job Sheet Insert 412W. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/wildlife/ILGrasWtr.pdf. Accessed August 6, 2009.  

-----. 2001c. Field Border Wildlife Job Sheet Insert 386W. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/wildlife/ILFBorder.pdf. Accessed August 6, 2009.  

-----. 2001d. Riparian Forest Buffer Wildlife Job Sheet Insert 391W. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/wildlife/IL02-RipBuf.pdf. Accessed August 6, 2009.  

-----. 2001e. Filter Strips Wildlife Job Sheet Insert 393W. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/wildlife/ILFStrips.pdf. Accessed August 6, 2009. 

USDA Natural Resources Conservation Service - Missouri. 2008. USDA's Conservation Security Program and Quail Restoration in Scott County, Missouri: A Case Study. http://www.fwrc.msstate.edu/pubs/Missouri_CSP_Case%20Study.pdf. Accessed August 4, 2009.
USDA Natural Resources Conservation Service - South Dakota. 2004a. Windbreaks/Shelterbelts as Wildlife Habitat Job Sheet Insert 380. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/pdf/SDwindbreakshelterbelt.pdf. Accessed August 6, 2009.  

-----. 2004b. Grassed Waterway as Wildlife Habitat Job Sheet Insert 412. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/pdf/SDgrassedwaterway.pdf. Accessed August 6, 2009.  

-----. 2004c. Field Border as Wildlife Habitat Job Sheet Insert 386. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/pdf/SDfieldborder.pdf. Accessed August 6, 2009.  

-----. 2004d. Riparian Forest Buffer as Wildlife Habitat Job Sheet Insert 391. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/pdf/SDriparian.pdf. Accessed August 6, 2009.  

-----. 2004e. Filter Strips as Wildlife Habitat Job Sheet Insert 393. ftp://ftp-fc.sc.egov.usda.gov/WHMI/WEB/pdf/SDfilterstrips.pdf. Accessed August 6, 2009.
Warner, R. E. 1992. Nest ecology of grassland passerines on road rights-of-way in central Illinois. Biological Conservation 59:1–7.
Warner, R. E. 1994. Agricultural land use and grassland habitat in Illinois: future shock for 
Midwestern birds? Conservation Biology 8:147-156.
Weibull, A. C. and O. Ostman. 2002. Species composition in agroecosystems: the effect of landscape, habitat, and farm management. Basic and Applied Ecology 4:349-361.
It has been suggested that species richness in agricultural ecosystems depends on both landscape heterogeneity and farm management, but how these factors affect species composition is still poorly understood. In this study, we investigated the species composition of plants, butterflies, and carabid beetles in three different habitats (cereal fields, leys, and semi-natural pastures) in relation to farm management (conventional vs. organic) and landscape complexity at 16 farms in south-eastern Sweden. The farms were divided into eight pairs of one conventional and one organic farm based on land use, location, and landscape features to enable us to separate the effects of landscape features and farm management on species composition.


Habitat type explained most of the variation in species composition of butterflies, carabids, and plants. Landscape features in the surrounding landscape explained additional variation, but little relative to habitat, in species composition. The effect of landscape features was larger in the disturbed habitats (cereal fields and ley) than in the more stable semi-natural pastures. Moreover, the effect of landscape features was largest for the most mobile group, butterflies, and least for the sessile plants. The percentage of ley (land temporarily with perennial grass and clover) was the most important landscape feature for butterfly and plant species composition, whereas landscape heterogeneity was the most important landscape feature for carabid species composition. Farm management explained some additional variation in species composition of carabids and butterflies, but it was of minor importance compared to landscape features for species composition of butterflies and plants. We classified the species as common or rare, but for no taxa were common or rare species associated with any landscape feature or farm management.
WELLER, D.E., M.E. BAKER, AND T.E. JORDAN. 2011. Effects of riparian buffers on nitrate concentrations in watershed discharges: new models and management implications. Ecological Applications, 21(5), 2011, pp. 1679–1695

Watershed analyses of nutrient removal in riparian buffers have been limited by the geographic methods used to map buffers and by the statistical models used to test and quantify buffer effects on stream nutrient levels. We combined geographic methods that account for buffer prevalence along flow paths connecting croplands to streams with improved statistical models to test for buffer effects on stream nitrate concentrations from 321 tributary watersheds to the Chesapeake Bay, USA. We developed statistical models that predict stream nitrate concentration from watershed land cover and physiographic province. We used information theoretic methods (AICc) to compare models with and without buffer terms, and we demonstrate that models accounting for riparian buffers better explain stream nitrate concentrations than models using only land cover proportions. We analyzed the buffer model parameters to quantify differences within and among physiographic provinces in the potentials for nitrate loss from croplands and nitrate removal in buffers. On average, buffers in Coastal Plain study watersheds had a higher relative nitrate removal potential (95% of the inputs from cropland) than Piedmont buffers (35% of inputs). Buffers in Appalachian Mountain study watersheds were intermediate (retaining 39% of cropland inputs), but that percentage was uncertain. The absolute potential to reduce nitrate concentration was highest in the Piedmont study watersheds because of higher nitrate inputs from cropland. Model predictions for the study watersheds provided estimates of nitrate removals achieved with the existing cropland and buffer distributions. Compared to expected nitrate concentrations if buffers were removed, current buffers reduced average nitrate concentrations by 0.73 mg N/L (50% of their inputs from cropland) in the Coastal Plain study watersheds, 0.40 mg N/L (11%) in the Piedmont, and 0.08 mg N/L (5%) in the Appalachian Mountains. Restoration to close all buffer gaps downhill from croplands would further reduce nitrate concentrations by 0.66 mg N/L, 0.83 mg N/L, and 0.51 mg N/L, respectively, in the Coastal Plain, Piedmont, and Appalachian Mountain study watersheds. Aggregate nitrate removal by riparian buffers was less than suggested by many studies of field-to-stream transects, but buffer
Welsch, D. J. 1991. Riparian forest buffers: function and design for protection and enhancement of water resources. USDA Forest Service, Northeast Area State and Private Forestry. NA-PR-07-91. http://www.na.fs.fed.us/spfo/pubs/n_resource/buffer/cover.htm. Accessed August 4, 2009. 
This relatively short publication is primarily directed at establishing riparian forest buffers for nonpoint source pollution control in agricultural and livestock grazing settings. As such, it provides a good primer on functional values of buffers other than the more usual shading, large woody debris, etc. Welsch provides a functional definition for riparian buffers, then a set of specifications for designing effective buffers to mitigate effects of upslope, upstream, and subsurface changes brought about the land management activities and uses. He notes in particular the need to control hillside erosion at the source for a riparian zone to effectively buffer fine sediment transport. Welsch describes a three- zone buffer prescription, with Zone 1beginning at the water body's edge to create a stable ecosystem adjacent to the water's edge, Zone 2 mid-buffer to provide contact time and buffering processes for sheet flow toward the water body, and Zone 3 away from the water body to provide sediment filtering, nutrient uptake, and the space necessary to convert flows concentrated by land use activities into uniform shallow sheet flow. Zonal and total buffer width recommendations vary by local hydrology, soil capability, and the size of adjacent drainage areas and land use areas.
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White, C.M. and T.L. Thurow. 1985. Reproduction of Ferruginous Hawks exposed to controlled disturbance. Condor 87:14-22.
The Ferruginous Hawk (Buteo regalis) is a conspicuous grassland bird that is sensitive to human disturbance. In 1978 and 1979, we studied 62 nesting pairs and recorded their behavior and nesting success. At 24 of these nests, we daily created disturbances designed to simulate those associated with land development on western rangelands. The other nests were not disturbed. Treated nests and control nests differed significantly (P<0.05) in the number that successfully fledged young. Thirty-three percent of the disturbed nests were deserted by the adults, although our presence in the vicinity of the nest was brief. Those disturbed nests that were successful fledged significantly fewer young (P<0.05) than undisturbed nests. Based on our cumulative data, adults did not flush 60% of the time if our activities were more than 120 m from the nest and 90% of the time if they were more than 250 m from it. Accordingly, for intermittent and brief human disturbance during years when prey are abundant and Ferruginous Hawks are in good physiological condition, we suggest that a minimum buffer zone of 0.25 km around the nest is sufficient to prevent nest desertion by at least 90% of the population. Buffer zone should be expanded in years when prey are scarce, i.e., when the hawks appear to be less tolerant of disturbance
Wiggers, E.P., G. Yarrow, E. Mills, W.C. Heaton, B. Dukes, and R. Yetter. 2008. Evaluation of Four Conservation Management Practices for Bobwhite and Grassland Songbirds. Pages 161-171 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009.
In our study, early successional habitats dominated by grasses and forbs were created and sustained by disking or prescribed burning. Species composition was altered depending upon the treatment frequency and season. However, the most important factor influencing the outcome was the associated seed bank. Treatment plots were in abandoned agricultural fields that had been in crop or pasture production for several decades. The chronic manipulation of these fields, particularly the use of increasingly effective herbicides, likely reduced or eliminated desirable native species from the seed bank. Therefore, rather than a response by desirable native species, early successional management on our study sites released undesirable, exotics or other nuisance plant species. This release of undesirable species reduced habitat suitability for target wildlife species such as the northern bobwhite. We recommend that managers first evaluate their seed bank by disking or burning a test strip during the fall and winter and observing response of plant species. The quality of the seed bank may differ among sites based on previous land uses, and the presence of undesirable species or absence of desirable species may add complexity to management regimes. In this situation, burning and disking alone may not be adequate to achieve the desired result. To reestablish the desired plant community in a reasonable amount of time, it may be necessary to eradicate undesirable plants using selective herbicides and establish the desired native grasses and forbs through planting. Once established, early successional habitats require continuous attention to sustain. As succession progresses, woody plants will quickly invade, and the site will rapidly transition to a forest without proper management. None of the treatment combinations in our study were effective at eradicating 100% of the woody invaders; however, disking controlled woody encroachment better than prescribed fire. Disking is, however, an expensive option and therefore may not always be practical. Another tool managers should consider is using selective herbicides (Pest Management- Code 595). Selective herbicides can be applied to individual stems of undesirable species without adversely impacting desirable species. Frequency of treatment application is also an essential component to maintaining early successional habitat. The coastal plain of the southeast enjoys a relatively long growing season and receives adequate precipitation. Consequently, woody invaders can quickly overtake a site. We therefore suggest frequency of management practices to sustain early successional habitat not exceed 3 year intervals. Maintenance of some level of cover (5–25%) of preferred woody species (e.g. plum (Prunus spp.), sumac (Rhus spp.)) is desirable and meets specific seasonal habitat requirements of bobwhite and other early successional species. However, if left unchecked old fields will succeed to young forest eliminating essential herbaceous cover.

Winter, M., D. H. Johnson, and J. Faaborg. 2000. Evidence for edge effects on multiple levels in tallgrass prairie. Condor 102:256-266.
We tested how edges affect nest survival and predator distribution in a native tallgrass prairie system in southwestern Missouri using artificial nests, natural nests of Dickcissels (Spiza americana) and Henslow’s Sparrows (Ammodramus henslowii), and mammal track stations. Survival of artificial nests was lower within 30 m of forest edge. Nesting success of Dickcissels and Henslow’s Sparrows was lower within 50 m to a shrubby edge than at greater distances, whereas fates of nests were not related to distances to roads, agricultural fields, or forests. Evidence from clay eggs placed in artificial nests indicated that mid-sized carnivores were the major predators within 30 m of forest edges. Furthermore, mid-sized carnivores visited track stations most frequently within 50 m of forest edges. Because proximity of woody habitat explained more variation in nest survival and mammal activity than did fragment size, it appears that edge effects were more pronounced than area effects. Edge effects appeared to be caused mainly by greater exposure of nests to midsized carnivores. We argue that, based on edge avoidance behavior, ‘‘grassland-interior’’ species such as the Henslow’s Sparrow respond to edge effects mainly by a decrease in density, whereas habitat generalists such as the Dickcissel are affected mainly by a decrease in nesting success.
Wipfli, M.S. 1997. Terrestrial invertebrates as salmonid prey and nitrogen sources in streams: contrasting old-growth and young-growth riparian forests in southeastern Alaska, U.S.A. Canadian Journal of Fisheries and Aquatic Sciences 54:1259-1269.

Terrestrial-derived invertebrate (TI) inputs into streams and predation on them by salmonids (40-180 mm fork length) were measured in six coastal Alaska stream reaches from April through October 1993-1994; riparian habitat of three stream reaches contained conifer dominated old-growth (no timber harvesting) and three were alder-dominated young-growth (31 years postclearcutting). Data from pan traps placed on stream surfaces showed that TI biomass and nitrogen inputs averaged up to 66 and 6 mg/m/day, respectively, with no significant difference between habitats. Stomach contents from coho salmon (Onchorhynchus kisutch), cutthroat trout (O. clarki), and Dolly Varden (Salvelinus malma) revealed that TI and aquatic derived invertebrates (AI) were equally important prey. Additionally, salmonids from young growth systems ingested a greater TI proportion than those from old-growth systems. There were trends but no significant differences between habitats of TI and AI biomass ingested; however, statistical power was <0.30. These results showed that TI were important juvenile salmonid prey and that a riparian overstory with more alder and denser shrub understory may increase their abundance. Riparian vegetation management will likely have important consequences on trophic levels supporting predators, including but not limited to fishes.

Woodward, A.A., A.D. Fink, and F.R. Thompson III. 2001. Edge effects and ecological traps: effects on shrubland birds in Missouri. Journal of Wildlife Management 65:668–675.
The effect of habitat edge on avian nesting success has been the focus of considerable debate. We studied relationships between habitat edges, locations of nests, and predation. We tested the ecological trap hypothesis for 5 shrubland bird species in the Missouri Ozarks. We compared habitat selection and daily nest predation rates among 3 distance-to-edge categories. Edge effects were species specific. Indigo bunting (Passerina cyanea) and northern cardinal (Cardinalis cardinalis) preferred nest sites that were close (<20 m) to habitat edges. Yellow-breasted chat (Icteria virens) and prairie warbler (Dendroica discolor) preferred nest sites >20 m from the edge. Field sparrow (Spizella pusilla) used habitat in proportion to availability. Daily nest predation varied by as much as 200-300% among distance-to-edge categories but did not decrease monotonically with distance from edge. The nest predation models without distance-to-edge categories were ranked the best models based on Akaike's Information Criterion; however, Akaike weights indicated some support for alternative models with distance-to-edge cat-egories. Edges did not act as ecological traps for shrubland birds in this study because habitat preference was not positively correlated with nest predation across the 3 distance-to-edge categories. Researchers and land managers should not assume that shrubland birds respond to edges in the same way that forest species respond to edges. Furthermore, species with similar nesting ecology do not necessarily have similar nest-site preferences or nest predation rates in relation to distance to habitat edges.
Yarrow, G., L.A. Knipp, and A.J. Savereno. 2009a. Filter Strips and Field Borders as Wildlife Habitat. Pages 165-175 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009.
In this study planted and unplanted filter strips and field borders provided habitat for early successional wildlife species such as bobwhite. Planting herbaceous conservation buffers ensures that grasses and forbs important to quail will become established, in addition to native seeds already present in the soil. In the absence of prior knowledge regarding presence or absence of native seeds in the seedbank, or observations of native grasses and forbs growing in close proximity to buffer, planting to a grass/forb mixtures is recommended. Unplanted buffers did provide habitat for bobwhite; however, the value (plant composition and structure) of these areas for quail and other early successional wildlife species could have been improved with different forms of periodic management (e.g., prescribed burning). The structural characteristics (% bare ground, %grass and % forb cover) of planted and unplanted buffers in this study indicated that by the 3rd full growing season these buffers were just beginning to provide the combination of nesting and brood rearing habitat desired for bobwhite. Recurring management practices (e.g., disking (Code 647) and Prescribed Burning-Code 338)), other than competition control (Pest Management-Code 595), were likely not needed prior to the 4th growing season but would be appropriate thereafter. NRCS guidelines should allow landowners the flexibility to retain unplanted areas as herbaceous conservation buffers and manage these sites for native wildlife plants.


The following should be considered when establishing and managing herbaceous conservation buffers for wildlife:

· Determine the most appropriate areas for herbaceous buffer establishment with the greatest benefit to wildlife.

· Consider a mixture of planted and unplanted buffers.

Planted Filter Strips:

· Where possible, select native plants adapted to local geographic and soil conditions.

· Select a mixture of native grasses, legumes, and forbs.

· Select perennials and reseeding annuals.

· Follow planting guidelines for soil tests, seedbed preparation, fertilization and liming rates, planting depths, planting rates and maintenance practices. 

Unplanted Filter Strips:

· In areas that were previously cultivated or prepared for planting, allow buffer strips to remain unplanted for 1 year and evaluate for native plant response and weed competition.

· Spot treat unwanted weeds as needed with appropriate herbicides.

· Beginning in the 3rd or 4th year after establishment, maintain unplanted buffers by periodic (every 1-3 years) disking during fall – winter or prescribed burning in late winter or early spring. Leave two-thirds of area undisturbed to provide cover.


It is important to monitor planted and unplanted buffers over time as each site is different and results may vary between areas. Records should be kept on the response of vegetation (plant composition and structure) to various management practices such as those recommended above or others that may be incorporated into the management plan. These observations are invaluable when developing specific and customized management approaches to best provide wildlife habitat in filter strips.
Yarrow, G., L.A. Knipp, and A.J. Savereno. 2009b. Prescribed Burning to Improve Wildlife Habitat. Pages 176-182 in L.W. Burger, Jr. and K.O. Evans, editors. Managing Working Lands for Northern Bobwhites - The USDA-NRCS Bobwhite Restoration Project, U.S. Department of Agriculture, Natural Resources Conservation Service, Agricultural Wildlife Conservation Center, Technical report. USDA/NRCS/AWCC–2009. http://www.cfr.msstate.edu/nbci/documents/final_report.pdf. Accessed 24 June 2009.
The following recommendations should be considered when planning and implementing prescribed burning in forest stands:

· Design and layout areas to be burned in advance as part of an overall land-use and management program to provide maximum benefit for wildlife.

· Prioritize burning needs and develop a burning schedule to maximize efforts within limited burning opportunities. This should be part of an overall prescribed burning plan.

· Identify and mark proposed and burned stands in-the-field and on aerial photographs, and where practical, archive within a GIS database.

· To maintain early successional plants important to wildlife, prescribe burn entire forest stands every 3 years by burning only one-third of the stand annually to retain wildlife cover.

· Protect mast-producing trees and wildlife cover prior to prescribed burns.

· Since local conditions dictate the response of vegetation to burning, experiment with timing of prescribed burns. Burning in late February or early March may encourage forbs and legumes; whereas, burning during the growing season in late May or June may result in a greater variety of grasses.

· Develop a network of firebreaks between forest stands to provide access and serve as openings that can be managed for native herbaceous plants important to wildlife.

· Where possible, use prescribed burning with forest thinning and openings to maximize response of vegetation. 

· Integrate prescribed burning for wildlife, where possible, with burning for timber management.
· Develop a program to document and monitor the success of prescribed burning and modify burning schedules when appropriate.

Xiang, W. 1993. Application of a GIS-based stream buffer generation model to environmental policy evaluation. Environmental Management 17:817-827.

In this article, a GIS method is presented for riparian environmental buffer generation. It integrates a scientifically tested buffer width delineation model into a GIS framework. Using the generally available data sets, it determines buffer widths in terms of local physical conditions and expected effectiveness. Technical burdens of data management, computation, and result presentation are handled by the GIS. The case study in which the method was used to evaluated the stream buffer regulations in a North Carolina county demonstrates its capability as a decision support tool to facilitate environmental policy formulation and evaluation, and environmental dispute resolution.

Zanette, L., P. Doyle, and S. M. Tremont. 2000. Food shortage in small fragments: evidence from an area-sensitive passerine. Ecology 81:1654-1666.
Many forest-interior songbirds are considered ‘‘area sensitive’’ because they are absent from smaller forest remnants in fragmented landscapes. Reductions in food abundance with fragment size could explain area sensitivity, but to date, only one empirical study has investigated this possibility. From 1995 to 1997, we tested the food abundance hypothesis in two small (~55-ha) and two large (>400-ha) forest fragments located in a matrix of agricultural land in northeastern New South Wales, Australia. We measured differences in food abundance by comparing the biomass of surface-dwelling invertebrates in large and small fragments. We also determined whether food supply was associated with foraging efficiency and reproductive performance in an area-sensitive, ground-foraging insectivore, the Eastern Yellow Robin (Eopsaltria australis), breeding at these same sites. Invertebrate biomass in the small fragments was about half of that in the large fragments. Incubating female robins received 40% less food from males, females left their nests more frequently to forage on their own, and nestlings were provisioned with less food in the small fragments. Females in the small fragments also had a shorter breeding season (by three weeks), laid eggs that were 7% lighter, and reared smaller nestlings. Because our measures of invertebrate biomass, foraging efficiency, and reproduction produced corresponding results, we conclude that Eastern Yellow Robins experienced relative food shortage in these small fragments. Therefore, food shortage probably influences area sensitivity in this species. We suggest that the role of food supply be given greater consideration in other fragmentation studies.

