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ABSTRACTS 

CHAPTER I: A MULTI-SCALE ANALYSIS OF GRASSLAND BIRD HABITAT 

RELATIONSHIPS TN THE ST. LAWRENCE RIVER VALLEY, NY 

I used a combination of 10 vegetation variables and 10 landscape variables to 

model abundance and occurrence of six grassland bird species in agricultural grassland (n 

=55) throughout Jefferson County, NY during the 2004 and 2005 field seasons. 

Landscape composition was quantified by classifying the proportion of land usc within a 

1 km radius from the center of all survey fields. Land usc classification was based on 

2003 aerial photo interpretation. Bobolinks (Dolichonyx oryzivorou:·;) and Savannah 

Sparrows (Passerculus sandwichensis) were the most abundant species, followed by 

Grasshopper Sparrows (Ammodramus savannarwn), Eastcm Meadowlarks (Sturnella 

magna), Upland Sandpipers, (Bartramia longicauda) and Henslow's Sparrows 

(Arrmzodramus· henslu'>vii). Bird habitat models generated through best subsets regression 

and stepwise multiple regression indicated that perimeter-area ratio and variables 

associated with area, such as distance to nearest edge and distance to forest edge, 

generally explained most of the variance in grassland bird species richness and 

abundance, and individual species abundance. Vegetation variables, including grass 

cover, legume cover, litter depth and the number of plant species, also entered into the 

grassland bird-habitat models. Bobolink and Savannah Sparrow abundance increased in 

fields high in forb cover and plant diversity. A significant proportion of the variance in 

Grasshopper Spanow and Savannah Sparrow abundance was explained by a decrease in 

vegetation cover, while an increase in vegetation cover explained a significant amount of 
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the variance in Eastem Meadowlark abundance. As with the Bobolink, the most 

important predictor variables for Grasshopper Sparrow and Savannah Sparrow were 

related to area. Henslow's Sparrow abundance increased as the proportion of 

development in the surrounding landscape decreased. ln contrast, Upland Sandpiper 

abundance increased as the proportion of development in the surrounding landscape 

increased. 

My models differed between years and also produced some results that differed 

from those of other grassland bird habitat-selection studies from the Midwest and 

Northeast, thus suggesting that grassland bird habitat selection is dynamic among years, 

and that habitat requirements are broad across regions. Average obligate grassland bird 

density in the agricultural grasslands of Jefferson County ranged from 0.04 to 3.77 

birds/ha across both years. Grassland bird densities in Jefferson County compared 

favorably to grassland bird densities at 13 U.S. Fish and Wildlife Service National 

Wildlife Refuges in Region 5, thus suggesting that anthropogenic grasslands planted with 

non-native, cool season grasses are a valuable resource for grassland bird conservation in 

the Northeast. 
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CHAPTER II: A COMPARISON OF GRASSLAND BIRDS DETECTED WITH 

ROAD-BASED AND HELD-BASED POINT COUNTS IN 

JEFFERSON COUNTY, NY 

I compared the proportions of obligate grassland bird species detected using 100 

m fixed radius point counts and unlimited distance point counts conducted from the 

roadside and within a field. Within methods I compared species detection probabilities 

from roads using 100m radius and unlimited distance point counts, and within fields 

using 100m radius and unlimited distance point counts. Across methods I compared 

species detection probabilities from roads and in fields using 100m radius point counts, 

and species detection probabilities from roads and in fields using unlimited distance point 

counts. Unlimited distance point counts generally increased grassland bird detection 

probabilities in both road-based and field-based methods. The detection probabilities of 

Eastem Meadowlarks (Sturnella magna) were significantly higher in fields when 

unlimited distance point counts were used. Field-based point counts resulted in 

significantly higher detection probabilities of Bobolinks (DoLichonyx oryzivorous), 

Grasshopper Sparrows (Ammodramus savannarum) and Savannah Sparrows 

(Passerculus sandwichensis) than with road-based point counts. For a more accurate 

assessment of grassland bird populations, I recommend surveying grassland birds using 

field-based point counts that are :::150m from the road. In addition, Eastern Meadowlark 

and Northern Harrier (Circus cyaneus) presence would be better documented if unlimited 

distance point counts are used. 
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CHAPTER lli: SONG DETECT ABILITY OF HENSLOW'S SPARROWS 

I used binary logistic regression to model effects of time of season, point location, 

moon phase and time of day on Hen slow's Sparrow (Ammodramus henslowii) song 

detection probabilities over six-24 h periods at the New York State Department of 

Environmental Conservation (NYSDEC) Perch River Wildlife Management Area, 

Jefferson County, New York. Time was examined in two ways: 1) over an entire 24 h 

period where detection probabilities were nested within diurnal and nocturnal periods 

[Time(DayNight)], and 2) by examining the differences in noctumal and diumal song 

detection probabilities (DayNight). Point location and Time(DayNight) significantly 

influenced Henslow's Sparrow song detection probabilities. Average Henslow's Sparrow 

song detection probabilities were generally highest between 03:00-06:00 hand 18:00-

21:00 h, and under half and full moon phases. In general, nocturnal song detection 

probabilities were greater than diumal song detection probabilities. However, strong 

interaction effects made it difficult to disentangle effects of moon phase, date and 

DayNight. These results suggest that survey designs targeting Henslow's Spanows 

should take the temporal and spatial variability associated with their song detectability 

into account, as well as possible regional differences in the species' singing behavior that 

would impact their delectability. 
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GENERAL INTRODUCTION 

Over the last 30 years, North American grassland bird populations have declined 

substantially (Vickery and Herkert 2001). This decrease has been attributed to the loss of 

grassland habitat, farmland abandonment, decline in hayfield areas, earlier and more 

frequent mowing, increased abundance of row crops, and habitat fragmentation (Andrle 

and Carroll 1988, Bollinger and Gavin 1992, Norment 2002). The shift in land use 

practices has placed multiple grassland bird species in several northeastern states on 

threatened and endangered species lists. For example, in New England and New York, 

the guild of grassland birds has the most species listed as endangered, threatened, or 

special concern (Vickery 1992). 

In response to growing concern about the status of obligate grassland birds in the 

Northeast, the Massachusetts Audubon Society (MAS) conducted a regional inventory of 

grassland birds using roadside surveys throughout New England and New York from 

1997-2000. During this survey, they found that New York had the greatest numbers of 

Bobolinks (Doliclwnyx oryz.ivorous), Eastern Meadowlarks (Sturnella magna), 

Grasshopper Sparrows (Ammodramus savannarum), and Henslow's SpatTows 

(Ammodramus henslowii), compared with the other six northeastem states in the study 

(Jones et al. 2001). 

Within New York State the St. Lawrence Plain supports populations of many 

grassland bird species listed by the New York State Department of Environmental 

Conservation (NYSDEC) as endangered, threatened, or of special concern. The St. 

Lawrence Plain is an agriculture-dominated landscape with extensive grasslands that 

supports populations of Bobolinks, Eastern Meadowlarks, Short-eared Owl (Asia 
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flammeus) (NYSDEC Endangered), Nmthern Harrier (Circus cyaneus) (NYSDEC 

Threatened), Hens low's Sparrows (NYSDEC Threatened), Sedge Wrens ( Cistothorus 

platensis) (NYSDEC Threatened), Upland Sandpiper (Bartramia longicauda) (NYSDEC 

Threatened), Grasshopper Sparrows (NYSDEC Special Concern), Vesper Sparrow 

(Pooecetcs gramineus) (NYSDEC Special Concern) and Horned Lark (Eremophila 

alpestris) (NYSDEC Special Concern) (NYSDEC 2003). In addition to data from the 

MAS grassland bird survey, in 1998 at least 200 territorial male Hen slow's Sparrows 

were estimated to occur within an 800 km2-survey area in Jefferson County (Norment 

1999; unpublished data). 

Henslow's Sparrows arc an obligate grassland bird estimated to be decreasing in 

New York State at a rate of 14% per year (Sauer et al. 2005). The findings of Jones eta!. 

(200 1) and Norment ( 1999) indicate that the St. Lawrence Plain is an important region 

for grassland birds, including a number of species of management concern, such as the 

Henslow's Sparrow. On the basis or Breeding Bird Survey data, Rosenberg (2000) 

estimated that the St. Lawrence Plain may support up to 17% of the world's population of 

Bobolinks, a species which is declining throughout much of its range (Herkert 1997). 

The importance of the St. Lawrence to grassland birds is also indicated by the ranking of 

three grassland species in the Partners in Flight (PIF) Bird Conservation Plan for the St. 

Lawrence Plain Physiographic Area as Priority I species (high global priority; Henslow's 

Sparrow, Upland Sandpiper) or Priority II species (high physiographic area priority; 

Bobolink) (Rosenberg 2000). 

The importance of the St. Lawrence Plain for grassland bird populations in the 

Northeast raises the issue of management and conservation of biodiversity on private 
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lands. More than half of the land in the l!nited States is in private ownership; this land 

harbors a great amount of biodiversity, which includes at least some habitat for 95% of 

the federally listed species in the country (Hilty and Merenlender 2003). Although most 

previous grassland bird studies in the St. Lawrence Plain have primarily focused on state 

or federally owned land, only 16% of the land in the southem portion of the St. Lawrence 

Plain is in public ownership (Jefferson County Clerk's Office; personal communication). 

Given the large proportion of privately owned land in the St. Lawrence Plain, managing 

threatened and endangered species on private land will greatly increase the likelihood of 

conserving or re-establishing self-sustaining populations of grassland birds. Management 

of state and federal reserves alone will not be sufficient to counteract declining grassland 

bird populations in the St. Lawrence Plain. Because grassland bird management needs to 

be redirected to a landscape scale from a reserve-based scale, private land must be 

included in the process (Binning 1997). 

To date, several landscape-level analyses of grassland bird distributions and 

abundance have been completed in the midwestern and central U.S. (Bajema and Lima 

2001, Bakker et al. 2002, Murphy 2003). However, Bakker et al. (2002) found that it 

may not be possible to extrapolate landscape-level analyses results from one region to 

other areas, because management recommendations may vary with regional differences 

in species distribution, vegetation structure, and landscape composition. This variability 

makes it difficult to base management decisions in the Northeast on studies from 

different regions, particularly the Midwest. Therefore, landscape-level analyses of 

grassland bird distributions in the Northeast will help conservation planners understand 

how the composition and structure of the surrounding landscape influences bird 



occupation of small and isolated patches, and how birds perceive grassland habitats at 

various landscape scales (Bakker eta!. 2002). Such information, with respect to large

scale grassland management, is important for the conservation of Henslow's Sparrows 

and other grassland birds (Bajema and Lima 2001 ). I hope that my study, a landscape

level analysis of grassland birds in Jefferson County, NY, will provide information for 

grassland bird conservation efforts not only in New York, hut for the entire Northeast. 

Another issue related to the conservation of grassland birds in the St. Lawrence 

Plain is that previous studies, in addition to focusing on public land, have also relied 

primarily on road-based surveys to document the distribution of grassland birds in the 

region. Road-based surveys allow researchers to survey large areas in a time-efficient 

manner (Conway and Simon 2003) and to avoid potential problems dealing with private 

landowners. However, road-based surveys have a potential bias because they only 

sample areas associated with roads. Consequently areas with high road density may be 

over sampled (Conway and Simon 2003), and the probability of detection (Yoccoz eta!. 

2001) relative to species abundance is unknown. In order to address this issue, I 

examined differences in detection probabilities of grassland bird species surveyed from 

the road and within a field. 

Differences in detection probabilities also arise from species' difference in song 

behavior. Detecting birds by song is crucial for determining species abundance and 

distribution. Therefore it is ideal to sample when the birds are most vocal and the 

probability of detection is highest. I investigated detection probabilities of Henslow's 

Sparrow song in relation to time of day, point location, date and moon phase. Knowing 

when a species probability of detection and how certain survey methods can influence 
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detectability, and is very important for developing proper survey techniques that will 

result in more accurate population estimates. 
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CHAPTER I 

A multi-scale analysis of grassland bird habitat relationships in the St. Lawrence 

River Valley. 

9 

Recently, landscape-level effects on grassland bird communities have received 

much attention (Bajema and Lima 2001, Ritters et al. 1997, With and King 2001, Bakker 

et al. 2002, Fletcher and Koford 2002), as declines in grassland bird populations over the 

last 30 years have been attributed to changes in land use (Herkert 1997, Peter:john and 

Sauer 1999, Johnson and Igl 2001, Vickery and Herkert 2001). Land usc changes include 

the loss and fragmentation of grassland habitat, farmland abandonment, earlier and more 

frequent mowing and increased abundance of row crops (Andrle and Carroll 1988, 

Bollinger and Gavin 1992, Norment 2002). 

To date, several landscape-level analyses of grassland bird distribution and 

abundance have been completed in the midwestern and central U.S. (Bajema and Lima 

2001, Best eta!. 2001, Bakker et al. 2002, Fletcher and Koford 2002, Murphy 2003). 

These studies examined grassland bird-habitat response variables at the local-level, which 

considers factors on a scale of meters, and at the landscape-level, which considers factors 

on a scale of kilometers. Examples of local-level factors include vegetation composition 

and structure, while landscape level factors include the spatial composition and structure 

of surrounding land use (Weins 2002). 

Understanding how land use changes affect species distributions, populations, and 

biodiversity will enable effective management of targeted species and ecosystems. 

However, results of landscape-level analyses from one region may not be extrapolated to 
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other areas, because management recommendations may vary with regional differences 

in grassland bird species distribution, vegetation structure, and landscape composition 

(Bakker et a/.2002). Also, ecological responses of species may vary regionally 

(Bollinger 1995). These differences make it difficult to base management decisions in 

the Northeast on studies from different regions, particularly the Midwest. Because 

information on large-scale grassland management is important for the conservation of 

grassland birds (Bajema and Lima 2001), a landscape- and local-level analysis of 

grassland bird distributions in the Nmtheast will help conservation planners understand 

how composition of the sun-ounding landscape influences bird occupation of habitat 

patches, and how birds perceive grassland habitats at various scales (Bakker et al. 2002). 

Within the northeastem United States, the guild of grassland birds has the most 

species listed as endangered, threatened, or special concem (Vickery 1992), while in the 

United States Fish and Wildlife Service Region 5, seven of ten obligate grassland bird 

species are declining significantly (Sauer et al. 2005). In response to growing concern 

about the status of obligate grassland birds in the Northeast, the Massachusetts Audubon 

Society (MAS) conducted a regional inventory of grassland birds using roadside surveys 

throughout New England and New York from 1997-2000. Jones et al. (2001) found that 

New York had the greatest numbers of Bobolinks (Dolichonyx oryzivorous), Eastern 

Meadowlarks (Sturnella magna), Grasshopper Spanows (Ammodramus savannarum), 

and Henslow's Sparrows (Ammodramus henslowii), compared to the other six states in 

the study. 

Within New York State the St. Lawrence Plain, an agriculture-dominated 

landscape, supports populations of many grassland bird species listed by the New York 
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State Department of Environmental Conservation (NYSDEC) as endangered, threatened, 

or of special concem (Norment eta/. 1999, Jones eta!. 2001). On the basis of Breeding 

Bird Survey data, Rosenberg (2000) estimated that the St. Lawrence Plain may support 

up to 17L7o of the world's population of Bobolinks, which is declining throughout much of 

its range (Herkert 1997). The importance of the St. Lawrence to grassland birds is also 

indicated by the ranking of three grassland species in the Partners in Flight (PIF) Bird 

Conservation Plan for the St. Lawrence Plain Physiographic Area as Priority I species 

[high global priority; Henslow's Sparrow, Upland Sandpiper (Bartramia longicauda)] or 

Priority II species [high physiographic area priority; Bobolink] (Rosenberg 2000). 

In 2004 I began a landscape-level analysis of grassland bird distribution and 

habitat relations throughout the southem portion of the St. Lawrence Plain, particularly in 

Jefferson County, NY. The objective of my study was to construct bird-habitat models 

incoqJorating both local and landscape-level variables for obligate grassland bird species 

listed on the NYSDEC' s list of endangered, threatened and special concern species, or 

identified by Partners In Flight (Rosenberg 2000) as high priority species in the St. 

Lawrence Plain and to develop management recommendations for the area. 
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METHODS 

Study area 

Jefferson County, NY is located in the southern portion of the St. Lawrence Plain, 

and is part of the 120,100 km2 Partners in Flight (PTF) Physiographic Area 18 (St. 

Lawrence Plain), which includes portions of Canada and the U.S. Jefferson County, a 

vast agricultural grassland is a paralleled by Lake Ontario on the west and the 

Adirondack Park to the east. Approximately 132, 000 ha of the 334,885 ha in the county 

are used for agriculture (USDA, National Agricultural Statistic Service 2002). Dairy 

farming is the number one agricultural industry in Jefferson County; silage corn and hay 

are grown frequently. An estimated 1.7 x 105 metric tons of hay was harvested from 

Jefferson County in 2000 (USDA, National Agricultural Statistic Service 2002). 

I studied 4,050 ha of grassland habitat in 55 fields located in the northem portion 

of Jefferson County. Of the 55 fields included in this study, 89% were privately owned. 

Public lands consisted of two New York State Department of Environmental 

Conservation Wildlife Management Areas, and Ft. Drum, a U.S. military base. The area 

of individual fields, included in the study ranged from 3.5 to 577 ha. The grassland 

habitat of the fields was primarily active and abandoned agricultural hayfield and pasture 

generally comprised of cool season grass and forb mixes containing fescue (Festuca 

spp.), orchard grass (Dactylis glomerata), timothy (Phleum pratense), quack grass 

(Agropyron repens), smooth brome (Brornus inerrnis), clover (Tr~folium spp., Lotus spp. 

and Melilotis spp.), alfalfa (Medicago sativa) and a variety of other dicots such as 



goldenrod (Solidago spp.), cinquefoil (Potentilla spp.), dandelions (Taraxacum 

offlcina/e), wild carrot (Dauczts carota), and strawberry (Fragaria spp.). 

Field selection 

13 

Potential grassland bird habitat was selected based on aerial photo interpretation 

and sightings ( 1994-2000) of obligate grassland birds of management concern in the 

Northeast. 1 requested permission to access 200 private properties and I received 128 

responses (64%), with 104landowners (52%) granting access, and 24 denying access. A 

random number table was used to select survey fields. Fields were ground truthed and if 

2: 15% shrub cover was present, the field was eliminated and the selection process was 

repeated until 55 fields with :S 15% shrub cover were obtained. 

In 2004, 39 of the survey fields were active hayfields, 11 were fallow hay fields, 

three fields were cattle pastures, and two were fallow fields that were planted in com in 

mid-June. Approximately 37% (2004) and 36% (2005) of my fields (n =55) were 

mowed prior to 1 July, before some obligate grassland breeding birds in the region would 

have rledged first clutches (Pruitt 1996, Norment et al. 1999). In 2005, 47 of my survey 

fields were active hayfields, three were fallow hayfields, two were cattle pastures, and 

three were fallow fields that were planted in corn in mid-June. No additional mowing 

occurred between 1 July and 17 July 2004, and 1 July and 16 July 2005. 

Bird surveys 

I determined grassland bird species abundance and richness using the double

observer point count method (Nichols et al. 2000), with 100m fixed radius circular plots. 

I established 98 survey plots within 55 fields in 2004 and 96 survey plots within 55 fields 

in 2005. Due to change of ownership, I lost permission to access one field from 2004 
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that contained three survey plots. In 2005, I replaced that field with another field that 

contained only one survey plot. Each survey plot was surveyed three times a year for 5 

mm per census. I conducted censuses between 05:00 and 10:00 Eastem Standard Time 

from 17 May to 17 July 2004, and 16 May to 15 July 2005. For each plot, l recorded the 

number of species and number of individuals per species seen, heard or both. I also 

recorded any obligate grassland bird species present in grassland habitat outside of plot, if 

these species were not detected during the 5-min survey. Surveys were not conducted 

during periods of wind_:::: 10 km/h or heavy rain. 

A random point generating program in ArcMap (8.0) was used to distribute 

survey points within each parcel polygon (Swada 2004). All survey points were 2:: 150m 

from the nearest road and_:::: 100 m from the nearest forest edge. The number of survey 

points within fields was based on field area, with a sampling density of approximately 

one survey point per 40 ha. In fields with more than one survey point, point centers were 

at least 200m apart. 

For each field T calculated seven bird response variables, based on double

observer point count data. Total number of obligate grassland bird species observed per 

field was based on all grassland species observed in all plots within a field during at least 

one of the three censuses. Six abundance variables were calculated. For total obligate 

grassland bird abundance, l averaged observations for all grassland bird species across all 

three visits, and each survey plot in the field, giving mean number of 

individuals/plot/field. I also calculated mean number of individuals/plot/field for each of 

the six most common obligate grassland bird species in the study area: Upland Sandpiper, 

Savannah Sparrow (Passerculus sandwichensis), Grasshopper Sparrow, Henslow's 



SparrO\v, Bobolink, and Eastern Meadowlark. Grand means for each response variable 

were calculated for fields with greater than one survey point because multiple points 

within one field are not statistically independent from each other. 

Vegetation sampling 
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Vegetation measurements were collected between 16 May and 10 June each year. 

Vegetation measurements were conducted in each circular plot, allowing us to link 

vegetation variables directly with bird point count data. At each point count location, I 

used a Robel pole to measure height and density of grassland vegetation (Robel et al. 

1970). I took Robel pole measurements at four stations, located 25m from the central 

point in the circular plot, in each cardinal direction. At all four Robel pole stations I took 

four measurements of vegetation height and density (n =16 measurements/plot). At each 

Robel pole station I used a rangcfinder (Bushnell Yardage Pro-500®) to estimate distance 

to the nearest shrub greater than 0.5 m tall. I averaged the 16 Robel Pole measurements 

for each survey plot. 

Vegetation cover class was measured using a 1m2 sampling frame and the 

modified Daubenmire cover class categories: A, 1- 5%; B 1, 5-15 %; B2, 15-25 %; C, 25-

50 %; D, 50-75 %, E, 75-100% (Bollinger 1995). Cover class data were measured every 

10 m on a 50 m transect from the center of all bird survey plots in each cardinal direction, 

giving n = 20 measurements per circular plot. Litter depth was measured to the nearest 

em at the center of the 1 m2 sampling frame. The number of species within the 1 m2 

sampling frame was counted. The following vegetation characteristics were measured: 

percent live graminoid (Poaceae, Cyperaceae, Juncaceae), percent live forb, percent live 

goldenrod (Solidago sp.), percent live legume (alfalfa, clover, etc.), percent standing dead 
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vegetation (at an angle of 45° or greater from horizontal plane), percent shrub (any woody 

vegetation, including sapling trees), percent Daucus, percent total cover, litter depth, 

number of species and height of tallest shrub (Bollinger 1995). I averaged the 20 cover 

class measurements for each survey plot. Prior to statistical analysis, an arcsine 

transformation (Zar 1999) was used to transform vegetation cover class data, which were 

based on percentages. 

Landscape-level analysis 

Color infrared digital imagery (NYS GIS 2003) was used to designate field 

boundaries and land usc within a 1 km radius from the center of each field. Field 

boundaries were defined by a combination of characteristics: change in cover type from 

the survey point, hedgerows 2: 20m wide, trees 2: 4 m high, paved roads, and streams 2: 

10m wide (Bakker et al. 2002). Area, and area to perimeter ratio, was determined for 

each field (Vickery et al. 1994, Helzer and Jelinski 1999). 

Land use was classified into seven categories: hayfield/pasture, rowcrop, forest, 

shrubs, open water/wetland, developed and other (Bajema and Lima 2001). Because 

available National Land Cover Data are based on 1992 imagery (USGS 2004), I felt that 

digitizing and classifying land use/land cover manually, using 2003 aerial photos (NYS 

GIS 2003) with a resolution of 0.6 m, although a time-intensive process, would increase 

the accuracy of my land use land cover interpretation, which is important for obtaining 

accurate, predictive habitat models. Distance to nearest edge, nearest edge type and total 

length of roads within 1 km from the centroid (Solorzano 2004) of the bird survey field 

were also calculated. Total length of roads within 1 km of the bird survey field provided 

an estimate of fragmentation (Knight and Landres 2002). Prior to statistical analysis, an 
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arcsine transformation (Zar 1999) was used to transform land use data, which were based 

on percentages. 

Bird-habitat models 

I constructed bird habitat models using double observer point count data, 

vegetation data, data on field area and area to perimeter ratio and other landscape 

variables, including land use/land cover. For all analyses I used field rather than survey 

plot means because of the strong area-dependence of grassland birds (Herkert 1994a, 

Norment et al. 1999). Bird response variables, habitat variables and landscape variables 

were analyzed separately for each year. 

The relationship between field area and the probability of occunence for the five 

most common grassland species in my study (Bobolink, Savannah Sparrow, Eastern 

Meadowlark. Grasshopper Sparrow and Henslow's Spanow) was modeled using binary 

logistic regression (Herkert 1994a, Vickery et al. 1994 ). I calculated event probabilities 

of occurrence using binary logistic regression (Minitab 2003), and regressed these values 

against field area. Minimum area was considered to be the area at which a species' 

probability of occurrence equaled 50% of its maximum (Herkert 1994a, Vickery et al. 

1994). I also used this procedure to model the relationship between perimeter to area 

ratio and the probability of occurrence for the same species (Helzer and Jelinski 1999). 

I then used a combination of best subsets regression and stepwise multiple 

regression (M. Runge, US Geological Survey, personal communication) to model the 

relationship between bird response variables (see "Bird Surveys," above), and predictor 

variables, which included both local habitat and landscape variables. From the full set of 

habitat variables, I omitted highly correlated variables (r > 0.80) (Burnham and Anderson 
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1998), and selected 20 variables for potential inclusion in bird-habitat models (Table 1). 

Landscape variables tested for inclusion in models were: log of field area (AREA), 

perimeter to area ratio (PIA), distance to the nearest forest edge (DTSTFOREDGE), 

distance to nearest edge (DTSTEDGE), length of roads within 1 km (ROADS), proportion 

of development within in 1 km (DEVEL), proportion of forest within I km (FOREST), 

proportion of hayfield/pasture within 1 km (HFPAST), proportion of rowcrop within 1 

km (ROWCROP), and proportion of shrub within 1 km (SHRUB). Vegetation variables 

tested for inclusion in models were: average number of shrub clumps per plot 

(AVGSHRUB),% grass cover (GRASS),% legume cover (LEGUME),% forb cover 

other than legume (FORB),% goldenrod (GR), GJo total cover (COVER),% standing 

dead cover (DEAD), litter depth (LITTER), total number of plant species (SPECIES) and 

Robel pole measurements (ROBEL). The first step in my analysis was to usc best subsets 

regression to select variables to be included in the best or most parsimonious model, the 

one which explains the most variance with the fewest variables (Anderson eta!. 2000). 

All twenty possible predictors were evaluated in relation to each response variable, and 

the model with the best combination of high adjusted r 2
, low standard deviation, and low 

Mallow's C-p value (a measure of the difference between the fitted regression models 

from the true model, along with random error; MTSU 2004) was selected for further 

analysis. Mallow's C-p generally gives similar results to Akaike's Information Criterion 

(AIC) (Burnham and Anderson 1998), which is commonly used in model selection 

processes. Predictor variables included in the best subsets regression model were then 

entered into a stepwise multiple regression, which determined the nature of the 
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relationship (positive or negative), r- values. and statistical probabllities for the 

relationship between each predictor variable and the response variable (Herkert 1994a). 

Because few fields (five of 55 in 2004, and four of 55 in 2005) had Henslow's 

Sparrows, one of the target species of my study, no significant relationships existed 

between my set of predictor variables and Henslow's Spanow abundance (Table 2). 

Thus, to conduct analysis of Hens low's Sparrow-habitat relationships, I used predictor 

and response variables from each circular plot in which the species was recorded (n = 12 

in 2004, n = 9 in 2005). Because some of the survey points were from the same fields, 

this approach may represent pseudoreplication (Hurlbert 1984), which violates the 

assumption of independence for each data point. However, I consider this exploratory 

approach to be justified, given the paucity of fields in the study area with Henslow's 

Spanows. I could not use the approach described above (best subsets regression, 

followed by stepwise multiple regression) to model Henslow's Sparrow habitat relations, 

because there were more predictor variables than cases (plots) with Henslow's Sparrows. 

Instead I used univariate regression techniques to examine the relationships between 

Henslow's Spanow abundance and predictor variables. 
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RESULTS 

Bird sun;eys 

Tn both 2004 and 2005, Bobolinks and Savannah Sparrows were the most 

abundant and widely distributed grassland birds in the study area (Figure 1; Appendices). 

Tn order of decreasing abundance, other obligate grassland birds in the Jefferson County 

area were: Eastern Meadowlark, Grasshopper Sparrow, Northern Harrier (Circus 

cyaneus), Upland Sandpiper, Henslow's Sparrow, and Sedge Wren (Cistothorus 

platcnsis). In 2004, obligate grassland bird densities in the study fields in Jefferson 

County averaged 1.7 ± 0.13 birds/ha (range= 0.1 to 3.66 to 0.1 birds/ha; Table 3), while 

average density in 2005 was 2.0 ± 0.23 birds/ha (range= 0.04 to 3.77 birds/ha; Table 3). 

Territorial male Henslow's Sparrows were present in five of the 55 fields in 2004 and in 

four of the 55 fields in 2005. 1n both years tenitorial male Hens low's Sparrows were 

present in NYSDEC Perch River Wildlife Management Area, and in the anthropogenic 

grassland complex at U.S. Ft. Drum. Henslow's Sparrows detected during point counts 

were present in fields ranging from 5 to 576 ha (Figure 2). 

Area relationships 

In both years, univariate regression showed that obligate grassland bird species 

richness and abundance increased significantly with field area (Figs. 3 & 4). The 

probability of occurrence for Bobolinks, Eastern Meadowlarks, Grasshopper Spanows, 

Henslow's Sparrows, Savannah Sparrows and Upland Sandpipers was also positively 

correlated with AREA in both years (see Fig. 5 for 2005 data). The most widely 

distributed species in the study area, Savannah Spanow and Bobolink, occurred across a 

broad range of field sizes and reached 50% probability of occunence at approximately 10 



21 

ha and 4 ha, respectively, during 2004, and 11 and 7 ha during 2005. Tn contrast to the 

"classic" logistic curves for Savannah Sparrows and Bobolinks, probability functions for 

Eastern Meadowlarks, Grasshopper Sparrows and Henslow's Spanows did not achieve 

asymptotic values in either year, even in the largest fields within the study area (Fig. 5). 

Perimeter-Area ratio relationships 

In both years, univariate regression showed that obligate grassland bird species 

richness and species abundance increased with decreasing PIA ratio (Figs. 6 & 7). 

Incidence functions for Savannah Sparrow and Bobolink exhibited "classic" logistic 

curves, in which the probability of occunence exceeded 50% when perimeter-area ratios 

declined past 0.17 m for Savannah Sparrows and 0.025 m for Bobolinks (sec Fig. 8 for 

2005 data). Probability functions for Eastern Meadowlarks, Grasshopper Sparrows, 

Henslow's Sparrows and Upland Sandpipers did not reach asymptotic values, in either 

year, even in the largest fields within the study area (Fig. 8). 

Bird-habitat models 

Results from the models reinforce the results obtained from the univariate and 

logistic regression analyses~ In general, predictor variables associated with field area 

explained the most variance in grassland bird response variables. These variables 

included PIA, DISTFOREDGE, DISTEDGE, FOREST, ROADS and DEVEL. 

Conelation between DEVEL and AREA approached significance (P = 0.054), while 

ROADS was highly conelated with development (P = 0.009). FOREST was also 

significantly conelated with AREA (P = 0.031). Area-related predictor variables were 

generally more important than landscape composition variables in our models. PI A 

entered into the species richness model in both years (Table 2). However, PIA only 



explained a small proportion of the variance in species richness (13.5% in 2004, and 

17.1% in 2005). 

Although vegetation predictor variables generally explained less variance in 

response variables than landscape variables, some vegetation variables did enter into 
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models; these included LEGUME, GRASS, LITTER, and SPECIES. A con·elation 

matrix showed that GRASS, SPECIES and LEGUME were all significantly con·elated 

with COVER (r;:::: 31% ), while LEGUME was correlated with FORB (r;:::: 4 7% ), and 

LITTER was correlated with vegetation density (r;:::: 40% ). Predictor variables P/ A, 

FOREST, ROADS, LEGUME, DISTEDGE, DEVEL and SPECIES accounted for 49.0% 

(2004) and 67.7% (2005) of the variance in obligate grassland bird abundance (Table 2). 

In both 2004 and 2005, models for the two most abundant species, Bobolink and 

Savannah Sparrow, had higher? values than for other less common species. In 2004, 

Bobolink abundance was higher in larger fields that were relatively high in forbs and 

shrubs that were surrounded by more forest and roads (Table 2). In both years, Savannah 

Sparrow and Grasshopper Sparrow abundance was associated with decreasing GRASS, 

whereas Eastem Meadowlarks were more likely to occur in fields with increased 

GRASS. In 2004, a small but significant amount of the variance(?= 6.3%) in 

Henslow's Sparrow abundance was explained by the decreasing amount of development 

in the landscape (Table 2). In 2005, no variables were significant for the Henslow's 

Sparrow model. Vegetation and landscape variables explained 12.5% of the variance in 

Upland Sandpiper abundance (Table 2). Upland Sandpipers tended to occur in large 

fields with low vegetation diversity surrounded by development. 
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Henslow 's Sparrovv habitat models 

Because few fields in the study area supported Henslow's Sparrows (n = 5 of 55 

in 2004 and n = 4 of 55 in 2005; Fig.2), few if any significant relationships would be 

expected between Henslow's Sparrow abundance and habitat variables as measured 

across all study fields. Given this situation, T also examined the relationship between 

Henslow's Sparrow abundance and habitat variables in all circular plots where I recorded 

the species. Within the 2004 subset (n = 12 of 98 plots), Henslow's Sparrow abundance 

increased with increasing Robel scores and increased distance to nearest shrub. In 2005, 

univariate regression revealed no significant relationships between predictor variables 

and the variance in Henslow's Sparrow abundance. Even though Henslow's Sparrows 

are known to be an area-sensitive species, they were observed in a 5 ha field in 2004 (Fig. 

2A) and a 24 ha field in 2005 (Fig. 2B). 
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DISCUSSION 

Habitat selection 

Previous studies have suggested that grassland bird habitat selection models 

should encompass multiple scales because birds select habitats based on field features 

such as litter depth, species composition, and vegetation density, as well as the landscape 

composition sunounding the fields (Knick and Rotenberry 1995, Ritters eta!. 1997, 

Bajema and Lima 2001, Best et al. 2001, Bakker et al. 2002, Fletcher and Koford 2002). 

My results agreed with these studies in that grassland birds in Jefferson County selected 

breeding habitat based on area- related attributes, surrounding land use and vegetation 

variables within fields. 

Area and shape, as indicated by the PI A ratio, were the strongest predictor 

variables for total grassland bird species richness and abundance, and abundance of 

several species. The sensitivity of grassland birds to area and perimeter-area ratio has 

been well-documented (Vickery eta!. 1994, Bollinger 1995, Helzer and Jelinski 1999, 

Walk and Warner 1999, Johnson and lgl2001 ). PIA may be a more realistic measure of 

habitat patch quality than area because it reOects both size and shape (Helzer and Jelinski 

1999) and it entered into most of my models before AREA. However, the relatively low 

r2 values of Area and PI A for obligate grassland bird density (2004: Area== 36.5%, PI A== 

38.3 %; 2005: Area== 28.2%, PIA== 27.9 %) indicated that much of the among-field 

variance in bird response variables was related to habitat factors other than those related 

to area. 

Although obligate grassland bird response variables were often affected by 

predictor variables related to area, landscape composition had relatively little affect on 



obligate grassland bird abundance. FOREST, DEVEL and ROADS entered into the 

several models; however they explained relatively little of the variance (:S: 2.3%) in 

response variables. This may be related to the fact that Jefferson County is vast 

agricultural grassland; the sensitivity to landscape-level variables other than DEVEL, 

FOREST, DISTEDGE, ROADS, and DISTFOREDGE may be reduced for the most 

abundant grassland birds such as Bobolink, Savannah Sparrow, Meadowlark and 

Grasshopper Sparrow. In a landscape-level analysis of Henslow's Spanow in 

southwestern Indiana, Bajema and Lima (2001) found few significant landscape-level 

effects and hypothesized that survey points embedded in large surrounding grasslands 

overwhelmed any potential landscape-level effects. 
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Of the landscape composition variables that entered into the models, grassland 

bird abundance and richness were generally negatively associated with increasing 

DEVEL. Upland Sandpipers were the exception, as they tended to favor large pastures 

with nearby bams and fence posts. Also, total grassland bird abundance and Bobolink 

abundance were positively associated with ROADS, and ROADS were positively 

correlated with DEVEL. The presence of roads causes a reduction in habitat area, an 

increase in edge and is generally unfavorable for area-sensitive species (Knight and 

Landres 2002), and nesting grassland birds often avoid edges (O'Leary and Nyberg 2000, 

Perkins et al. 2003, Fletcher 2005). However, the relative importance of edge effects will 

vary, depending on the type of edge, and its landscape context (Paton I994, Perkins et al. 

2003). For example, even though I considered paved roads as field boundaries, I had 

many observations of grassland birds traversing roads with low to moderate traffic levels. 
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Obligate grassland bird and Bobolink abundance were positively correlated with 

FOREST. This was surprising as other obligate grassland birds generally decrease with 

increased forest cover, as observed in South Dakota where Savannah Sparrow, Sedge 

Wren, Grasshopper Sparrow and Westem Meadowlark (Sturnella neglecta) decreased as 

the extent of woody vegetation bordering grasslands edges increased (Bakker eta!. 

2002). In Iowa, Bobolinks at the local scale were negatively affected by woodland edges 

more than agriculture edges, but at a landscape scale Bobolinks were positively 

associated with the density of agriculture edges more than woodland edges (Fletcher and 

Koford 2002), which probably resulted from the prevalence of agriculture and multiple 

edge effects occurring within a fragmented landscape (Fletcher 2005). Jefferson County 

is also a fragmented landscape dominated by agriculture. 

At the vegetation scale, obligate grassland bird abundance and Bobolink 

abundance increased as LEGUME increased. Bobolink abundance inct·eased in fields 

with high LEGUME and increased SPECIES, suggesting that Bobolinks prefer fields 

with more forbs and the increased structural heterogeneity provided by more plant 

species. Grasshopper Sparrow and Savannah Sparrow abundance increased as GRASS 

and LITTER decreased and percent legume increased. Because GRASS and LITTER 

were correlated with COVER, my models suggest that Grasshopper Sparrow and 

Savannah Sparrow abundance increased in fields with less cover. Both Savannah and 

Grasshopper Sparrows prefer fields with relatively sparse vegetation and some bare 

ground (Wheelwright and Rising 1993, Vickery 1996). However, Vickery et al. (1994) 

rep01ted that Eastern Meadowlark, Savannah Sparrow, Grasshopper Sparrow, and 

Bobolink preferred sites with higher graminoid cover in southern Maine, while Bollinger 
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(1995) found that Bobolinks, Eastern Meadowlarks and Upland Sandpipers inCJ·easecl as 

percent total cover decreased in central New York hayfields. Upland Sandpiper 

abundance decreased as the number of SPECIES increased, thus suggesting that Upland 

Sandpipers in Jefferson County preferred fields that are homogenous in Ooristic structure 

that results from low species diversity. 

Similar to the Henslow's Spanow model, the model for Eastern Meadowlark had 

little predictive power. GRASS only explained 4.4% of the total variance for the 2004 

Eastem Meadowlark model, and no variables were significantly related to 2005 Eastern 

Meadowlark abundance. Similar to my findings, Knick and Rotenberry (1995) found that 

Western Meadowlarks were insensitive to landscape variables, but were influenced by 

vegetation variables, including low shrub cover and extensive grassland habitat. In 

contrast to my models, Best et al. (2001) found Eastern Meadowlarks had a strong 

response to landscape composition. 

Due to the low number of Henslow's Sparrows detected I was unable to identify 

any landscape variables that predicted the species abundance in 2005. However, in 2004 

a small but significant proportion of the variance in Henslow's Sparrow abundance was 

explained by decreased DEVEL in the landscape. I examined Henslow's Spanow habitat 

relationships using the subset of circular plots where I recorded the species (see 

methods). In 2004, vegetation variables such as A VGSHRUB and vegetation density 

positively explained 22.2% and 36.8% ofHenslow's Spanow abundance respectively. 

The relatively low r2 value for 2005 suggests that other, unmeasured variables influenced 

Henslow's Spanow habitat selection. However, based on 2004 data I suspect that 

vegetation structure and composition within a field do influence Henslow's Sparrow 



habitat selection, at least in certain years. In Indiana, vegetation variables exhibited 

strong effects, while landscape attributes had weak effects on Hcnslow's Spanow 

abundance (Bajema and Lima 200 I). 

My models' response variables differed between years, despite consistent 

methodology. I attribute some of theses differences to the fact that realized habitat 

selection expressed by individuals is dynamic, and the result of ongoing processes 
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(Wiens 1989b). Correctly identifying habitat features (e.g. percent grass, percent forb, 

and litter depth) that arc important in the habitat selection process of birds continues to be 

a challenge because bird arc responding to cQmbinations or suites of habitat variables 

(Wiens and Rotenbcny 1981) at different spatial scales. For example, Wiens and 

Rotenbeny ( 1981) examined the relationship between birds and habitat physiognomy in a 

shrubstcppc system and found that at between-habitat patches birds may respond to a 

general habitat configuration in the landscape, but within-habitat responses may be more 

strongly associated with details of habitat floristics. 

Tn addition to my models differing between yems, they also differed somewhat 

from results of midwestern and western grassland bird species habitat selection studies 

(Knick and Rotenbeny 1995, Bajema and Lima 2001, Best et al. 2001, Bakker et al. 

2002, Fletcher and Koford 2002). However, my results also differed from habitat 

selection models conducted in Central NY, where Bollinger (1995) found field area to be 

of secondary importance to vegetation characteristics. Results of my study provide more 

evidence that patterns of bird-habitat use found in one region may not be extrapolated to 

others because they may vary with species distribution, vegetation structure, landscape 

composition and ecosystem function (Bollinger 1995, Flather and Sauer 1996, Johnson 
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andlgl 2001, Bakker et al. 2002). Variation m habitat selection among regions may also 

reflect the insensitivity of grassland birds to habitat configuration and a broad tolerance 

to vegetation characteristics (Wiens and Rotenberry 1981) within grasslands. Indirect 

evidence of this can be seen in the relatively wide geographic distribution of obligate 

grassland birds. 

Management and Conservation Implications 

Average obligate grassland bird abundance in Jefferson County study fields 

averagedl.7 birds/ha, (range= 0.1 to 3.66 birds/ha) in 2004 and 2.0 ± 0.23 (S.E.) 

birds/ha (range= 0.04 to 3.77 birds/ha) in 2005, which compare favorably to obligate 

grassland bird densities observed between at 13 National Wildlife Refuges (NWRs) in 

Region 5 of the U. S. Fish and Wildlife Service (Runge et al. 2004). Densities in this 

study, obtained using the double-observer point count method, ranged from 0.04-4.77 

obligate grassland birds/ha, with the highest densities found in the cool season grasslands 

at the more northerly refuges of Missisguoi, Vermont (4.77 birds/ha) and Iroquois, New 

York (2.06 birds/ha) (Runge eta!. 2004 ). Lower densities in my study would be 

expected because, unlike fields included in the USFWS study, my fields were randomly 

selected and were not specifically managed for breeding grassland birds. Given an 

average density of 1.7 (2004) and 2.0 (2005), obligate grassland birds/ha and a total of 

85,000 ha of agricultural grassland habitat in Jefferson County (New York State 

Agricultural Services 2002), grassland habitat in the county could be supporting 

somewhere in the neighborhood of 145,000-170,000 obligate grassland birds. Thus, 

grassland habitat in Jefferson County represents an important resource for conservation 

of grassland birds in the Northeast. 
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The grassland habitat in Jeft'erson County, Missisquoi and froquois National 

Wildlife Refuges (NWR) arc comprised of introduced cool season grasses planted in 

extensive hayfields and pastures. In northeastern Illinois, grassland birds arc cunently 

using hayficlds and pastures as habitat in place of native vegetation (Herkert 1997). 

Despite the fact that most cool season grasses in agricultural grasslands of New York are 

not native, they provide essential habitat for grassland birds, which results in high 

abundance in these areas. Tn addition to increased abundance, there is evidence that 

grassland bird breeding productivity is also high in cool season grasslands. Mayfield nest 

survival probabilities for Bobolinks in cool season grasslands at Iroquois NWR and Ft. 

Drum are estimated to be 0.616 (Norment unpublished data) and 0.527 (Bolsinger et al. 

2000) respectively, which are higher than average nest survival estimates of 0.395 from 

midwestem studies (Herkert and Knopf 1998). Grassland bird productivity may also be 

high in non-native grassland in Arizona where exotic plant species positively influenced 

bird distribution and abundance by changing the structure and floristics of the habitat 

(Jones and Bock 2005). Although abundance and productivity of obligate grassland birds 

in cool season grasslands is high in the Northeast, the National Resources Conservation 

Service (NRCS) recommends the use of native wann season grasses, such as big 

bluestem (Andropogon gerardii), switchgrass (Panicum virgatum), and little blue stem 

(Schizachyrium scoparium), in grassland restoration effm1s in the Northeast (Dickerson 

et al. 1998). Warm season grasses grow to be very tall and dense and provide poor 

nesting habitat for grassland birds. For example, at Montezuma NWR a 18 ha field 

planted in native warm season grasses had very low grassland bird abundance (Norment, 

unpublished data). 
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Agricultural grasslands not only provide valuable habitat for grassland birds but 

arc also known sources of plant and insect biodiversity (Swengel and Swengel 1999, 

Cremene et al. 2005). Cremene et al. (2005) found that in Transylvania high biodiversity 

can be maintained via a mosaic of extensively grazed, steppe-like grasslands and the 

grassland's seral stages of succession. Maintaining a mosaic of multi-aged grasslands in 

New York would be beneficial to grassland bird biodiversity, and potentially to other taxa 

(Norment 2002). A multi-aged grassland mosaic could be maintained by incorporating 

area farmers into conservation initiatives as they are generally stewards of the land 

(Marriott et al. 2004). 

Prior to European settlement large extensive grasslands were scattered along the 

coast of the Northeast, while the rest of the region was dominated by deciduous forest 

(Norment 2002, Motzkin and Foster 2002). Grassland increased dramatically throughout 

the Northeast as a result of intensive and primarily agricultural disturbances (Whitney 

1994, Motzkin and Foster 2002) that accompanied the arrival of European settlers. As 

human population of the Northeast grows and the agricultural economics of the region 

change, these open areas are being converted to extensive residential and commercial 

developments, or reve11ing back to forest (Motzkin and Foster 2002). Associated with 

these changes in land use is the decline of species, such as grassland birds, that are 

dependent on these cultural landscapes (Foster et al. 2002). Without anthropogenic 

disturbance the grasslands of the Northeast would quickly revert to old-fields dominated 

by shrubs and late season perennial herbs, and then to forest (Root 1995, Dunwiddie et al. 

1997, Mitchell 2000, Norment 2002). The continental decline of grassland birds and the 

increased rates of habitat loss in the Midwest (Vickery et al. 1999) make the grasslands 
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of the Northeast important for the conservation of grassland birds at a continental scale 

(Norment 2002). Northeastern grasslands in general, and more specifically the St. 

Lawrence Plain, may provide important habitat for species such as the Bobolink and 

Henslow's Sparrow (Wells and Rosenberg 1999, Norment 2002). On the basis of 

Breeding Bird Survey data, Rosenberg (2000) estimated that the St. Lawrence Plain may 

support up to 17% of the world's population of Bobolinks, a species which is declining 

throughout much of its range (Herkert 1997). Therefore we may need to develop 

management strategies that retard forest succession in order to conserve grassland 

communities in the Nm1heast (Norment 2002). 

Given the regional importance of Jefferson County and the larger St. Lawrence 

Plain to the conservation of grassland birds, the long-term regional declines of land in 

agriculture, pm1icularly hay and pasture, is of great concern. For example, between 1950 

and 1998, total pasture acreage in Jefferson County decreased by 74%, while hay acreage 

decreased by 49%; conversely, acreage planted in com increased by 175% (New York 

Agricultural Statistics Service 2002), while soybean acreage increased by 150% between 

1997 and 2002. The trend towards increased acreage in com and soybean is of concem 

because row crops provide poor habitat for almost all grassland bird species (Rodenhouse 

et al. 1992, Best et al. 1995, Vickery et al. 1999); exceptions are the Homed Lark 

(Eremophila alpestris) and Vesper Sparrow (Pooecetes gramineus) (Best et al. 1995). 

Although agricultural grasslands, particularly hayfields and pastures, provide 

important habitat for obligate grassland birds (Vickery et al. 1999), early hay cuts, which 

occurred in 37% (2004) and 36% (2005) of my fields, are harmful to grassland bird 

populations (Bollinger et al. 1990, Frawley and Best 1991, Ells 1995, Temple et al. 
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1999). Ideally, haycropping programs designed to minimize effects on grassland birds 

should occur after 15 July in westem and central New York (Bollinger and Gavin 1992, 

Norment et al. 1999). However, economic factors will most likely prevent most farmers 

from cutting hayfields later in the summer (Temple et al. 1999). 

It is important to develop grassland bird conservation efforts that do not create 

economic hardship for area farmers. In many regions of the United States, efforts to 

involve private landowners in conservation planning arc expanding, with a focus on 

identifying workable conservation incentives (Morrison and Humphrey 2001). One such 

effort that directly benefits grasslands is the Conservation Reserve Program. The CRP is 

funded by the United States Department of Agriculture, and offers direct financial 

assistance to the agricultural landowner to retire a certain portion of fannland for a fixed 

period of time (Hadlock and Beckwith 2002). Off-reserve management efforts like CRP, 

in conjunction with reserve management, holds great potential for conservation planning 

(Binning 1997). In the Midwest, CRP initiatives have had a major, positive influence on 

grassland bird populations (Delisle and Savidge 1997, Koford 1999, Johnson and Igl 

2001, Vickery and Herkert 2001). 

As of 2000, about 13 million ha were enrolled nation-wide in the CRP, resulting 

in a net increase of 3.2 million ha of grasslands (Vickery and Herkert 2001). Although 

the CRP has not been widely used in the Northeast (Jones and Vickery 1997), it, along 

with other federal programs aimed primarily at private lands, such as the Wildlife Habitat 

Improvement Program (WHIP), could be an important stimulus for grassland habitat 

management in Jefferson County. Currently, Jefferson County is ranked 13 out of the 50 

counties in New York state for the amount of total area (657 ha) enrolled in CRP (Farm 
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Service Agency Office, personal communication). Based on the area of the county (ninth 

largest in the state) and the agriculture dominated landscape, it appears that CRP is 

underutilized in Jefferson County. The federal Partners for Wildlife Program (PFW) 

program, which is being managed through the 800,000 haSt. Lawrence Wetland and 

Grassland Management District of the U. S. Fish and Wildlife Service, also offers the 

potential for benefiting grassland habitat and birds on private lands in Jefferson County. 

This district contains about 160,000 ha of grassland habitat, and works with landowners 

through the PFW to restore wetlands and grasslands on private lands. About 1,200 ha of 

grassland habitat in the St. Lawrence Plain have been restored to date (Tom Jasikoff, U. 

S. Fish and Wildlife Service, personal communication), and programs administered 

through the District will undoubtedly help with future grassland conservation efforts in 

the region. 

Given the area-sensitivity of grassland birds, conservation efforts need to promote 

large, contiguous grassland complexes that suppm1 a mosaic of multi-aged cool-season 

grasslands. Providing this type of habitat will meet the diverse habitat requirements of all 

grassland bird species in the region. The allocation of limited federal resources would 

benefit from a regional management plan (Norment 2002, Crcmene et al. 2005). With 

the guidance of such a plan, and federal programs that enable us to work with, and not 

around, private landowners (James 2002), effectiveness of grassland bird conservation 

efforts will improve. Without incorporating private lands in conservation initiatives, the 

future for grassland birds in Jefferson County is bleak. 
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MANAGEMENT RECOMMENDATIONS 

Given the importance of field area in relation to bird habitat selection in Jefferson 

County, I recommend management practices that maximize field size, such as removal of 

hedgerows or tree-lines (O'Leary and Nyberg 2000). I encourage the planting of cool

season grasses as grassland habitat. One general recommendation that can be made about 

management-based disturbance regimes, particularly mowing, is that whenever possible, 

disturbance events should occur after at least 15 July and preferably 1 August. In fields 

where Hcnslow' s Sparrows are present, only a portion of these sites should be disturbed 

in any one year so as to reduce the probability of abandonment, which in the case of 

Henslow' s Sparrows often occurs following disturbance (Zimmerman 1988, Herkert 

1994b, Bollinger 1995, Mazur 1996). While Henslow's Sparrows would benefit from 

decreased frequency of habitat disturbance, perhaps once every 3 yr. (Bollinger 1995, 

Mazur 1996), other grassland bird species may be negatively affected by such practices. 

Any management scheme will, of necessity, favor certain species over others (Norment 

2002), even among the suite of grassland birds, which vary tremendously in terms of their 

habitat preferences (Herkert et al. 1996). Therefore I recommend maintaining a mosaic 

of multi-aged fields, as part of a landscape-level approach to grassland bird conservation. 

This could be done by incorporating privately owned land into grassland bird 

conservation plans through such programs as the Conservation Reserve Program, 

Wildlife Habitat Improvement Program, and Partners for Wildlife Program. Jefferson 

County remains an important area for grassland bird conservation in the Northeast, and 

efforts to monitor and manage grassland birds in the region should incorporate private 

land. 
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Table 1. Variables entered into stepwise multiple regression analysis determined by best 

subsets regression. 

Variable definition 

Landscape variables 

Perimeter/ Area Ratio 

Area 

Length of roads within lkm 

A vg. Dist. Forest Edge 

A vg. Dist. Nearest Edge 

Landscape composition variables 

% Development within 1 km 

C}(; f'orcsl within 1 km 

%Hayfield and pasture within lkm 

C/(, Shrub within 1 km 

V cgetation Variables 

Avg. number of shrub clumps within 25m 

%Grass 

%Legume 

%Dead Vegetation 

Litter Depth (em) 

%Golden Rod 

% Total Cover 

Number of plant species 

2004 

PIA 

ROADS 

DISTFOREDGE 

DE VEL 

FOREST 

HFPAST 

SIIRlJB 

AVGSHRUB 

GRASS 

LEGUME 

DEAD 

LITTER 

2005 

PIA 

AREA 

ROADS 

DJSTEDGE 

DE VEL 

GRASS 

LEGUME 

DEAD 

LITTER 

GR 

COVER 

SPECIES 



Table 2. Stepwise multiple regression models of grassland bird-habitat relationships in northem New York, Jefferson County 2004-
2005. Square brackets indicate a negative relationship; variables arc listed in the order in which they entered into the model. 
Bird Variable Habitat variables entered into model Mallow's C-P r- (adj) 
Species Richness a 

2004 
2005 

Abundance a 

2004 
2005 

Bobolink 
2004 
2005 

Eastern Meadow lark 
2004 
2005 

Grasshopper Sparrow 
2004 
2005 

Henslow' s Sparrow 
2004 
2005 

Savannah Sparrow 
2004 
2005 

Upland Sandpiper 

[PIA]**, DISTFOREDGE 
[PI A]*** 

[PIA]***, FOREST**, ROADS**, LEGUME** 
DISTEDGE***, SPECIES**, [PIA]**, [DEVEL]** 

[PIA]*** LEGUME**''' A VGSHRLJB* FOREST* ROADS* 
' ' ' ' 

DISTEDGE***, SPECIES**, [PIA]*, [DEVEL]* 

GRASS* 
No variables entered into model 

[GRASS]**, [PIAJ*, 
No variables entered into model 

[DEVEL]** 
No variables entered into model 

[GRASS]***, [LITTER]*'~, [PIA]** 
DISTEDGE***, LEGUME***, [GRASS]* 

2004 No variables entered into model 

-0.8 
-2.1 

1.6 
4.8 

1.6 
3.6 

-2.4 

-1.2 

-6.8 

-0.7 
-2.8 

13.5 
17.1 

49.0 
67.7 

43.6 
51.3 

4.4 

17.6 

6.3 

41.8 
65.5 

2005 [SPECIES]**, AREA**, DEVEL -0.7 12.5 
Note: r is the percent of the total vmiation in the particular bird variable explained by the model. a Grassland species only (Bobolink, 

Eastern Meadowlark, Grasshopper Sparrow, Henslow's Sparrow, Northem Ranier, Savannah Spanow, Sedge Wren, Upland 
Sandpiper) 1 *** P < 0.001, ** P < 0.05, * P < 0.10, no asterisk P > 0.10. 
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Table 3. Average density(± S.E) of obligate grassland birds/ha; Jefferson County, NY, 

2004-2005 

2004 2005 

Species Mean± S.E. Mean± S.E. 

Overall 1.70 ± 0.13 2.00 ± 0.23 

Bobolink 1.20 ± 0.12 1.18 ± 0.16 

Eastem Meadowlark 0.04 ± 0.01 0.07 ± 0.01 

Grasshopper Sparrow 0.08 ± 0.02 0.10 ± 0.01 

Henslow's Sparrow 0.02 ± 0.01 0.03 ± 0.00 

Northem Harrier 0.00 ± 0.00 0.02 ± 0.00 
) 

Savannah Sparrow 0.35 ± 0.04 0.47 ± 0.06 

Sedge Wren 0.01 ± 0.01 0.01 ± 0.00 

Upland Sandpiper 0.00 ± 0.00 0.01 ± 0.00 
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CHAPTER II 

A comparison of grassland birds detected with road-based and field-based point 

counts in Jefferson County, NY. 
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Surveys using point counts with a fixed or an unlimited radius are widely used to 

document bird presence or estimate abundance (Hutto et al. 1986, Thompson 2002). 

These estimated abundances are converted to indices that are often used in conservation 

planning (Rosenstock eta!. 2002); the Breeding Bird Survey (BBS) is an example. 

However, the biases and limitations of index counting procedures have been well 

documented (Bumham 1981, Vemer 1985, Vemer and Ritter 1985, Nichols et al. 2000, 

Rosenstock et al. 2002); these include differences in physical and behavior attributes 

among species, observer ability, and weather conditions that may preclude an accurate 

assessment of a species presence or abundance (Hutto et al. 1986, Rosenstock et al. 

2002). 

I propose that the location of point counts, whether they arc conducted along the 

roadside or within a field, may add an additional source of bias when measuring relative 

abundance. I compared differences in detection of obligate grassland bird species on 

point counts conducted from the roadside, versus those conducted within a field, and also 

examined differences in species detected using fixed, 100m radius and unlimited radius 

point counts. Grassland birds are an ideal guild with which to investigate this topic 

because they arc conspicuous in open habitats (Bibby et al. 2000) and are relatively easy 

to survey. However, grassland birds are generally area-sensitive and tend to avoid edges 

(Vickery et al. 1994, Helzer and Jelinski 1999, O'Leary and Nyberg 2000, Perkins et al. 



2003, fletcher 2005). Therefore, sampling from a road edge may result in 

underestimating relative abundance. 
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lt is important to accurately estimate relative abundance of grassland birds 

because they are steadily declining throughout the continentallJnited States (Herke11 

1995, Igl and Johnson 1997, Pctc1john and Sauer 1999). Evidence of this decline can be 

seen in the northeastern United States, where the entire suite of grassland bird species is 

declining regionally (Sauer et al. 2005). Within the Northeast, New York State has eight 

of the 10 obligate grassland bird species listed as either endangered, threatened or of 

special concern (NYSDEC 2003). Because of their declining status, accurate estimates of 

relative grassland bird abundance are necessary to effectively guide conservation 

initiatives. 
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METHODS 

Study Area 

I examined differences in detection of obligate grassland bird species using l 00 m 

fixed radius and unlimited radius point counts located along roadsides and within fields 

of Jefferson County, NY. Jefferson County, is located in the southern portion of the St. 

Lawrence Plain, and is part of the 120,100 km2 Partners in Flight (PIF) Physiographic 

Area 18 (St. Lawrence Plain), which includes portions of Canada and the U.S. Jefferson 

County, a vast agricultural grassland, is paralleled by Lake Ontario on the west and the 

Adirondack Park to the east. Approximately 132, 000 ha of the 334,885 ha in the county 

are used for agriculture (USDA, National Agricultural Statistic Service 2002). Dairy 

farming is the number one agricultural industry in Jefferson County; silage corn and hay 

are grown frequently. 

During the 2005 field season, l surveyed obligate grassland birds in 55 fields 

using two methods: 1) field-based, 100m fixed radius and unlimited distance point 

counts [herein referred to as :S 100m and unlimited distance], and 2) road-based, :S 100m 

and unlimited distance point counts. Field-based point counts (n = 55) were randomly 

selected from 120 privately owned properties that I was permitted to access. Each field

based point count was paired with a road-based point count located perpendicular and:::: 

150m away, from the road edge. Both road- and field-based point counts surveyed the 

same vegetation cover type. 

In the field-based point counts, I used the 5 min, double-observer point count 

(Nichols et al. 2000) method to identify obligate grassland bird species, and number of 

individuals, seen, heard or both within 100m of the point count center. I also recorded 
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all obligate grassland bird species present in the field within an unlimited distance from 

the point count station. For the road-based point counts, I used the 5 min double

observer point count method to record all birds detected within 100m and with unlimited 

distance. In both road and field point counts, observers reconciled any differences in 

observations that may have occurred prior to leaving the point count. Each road-based 

point count was conducted immediately prior to the paired, field-based point count so that 

birds within the field were not disturbed. All pairs of point counts (n = 110) were 

conducted once, between 05:00 and 10:30 h. Surveys were conducted under favorable 

weather conditions, which included winds < 10 km/hr and no or very light rain. Thus, 

each pair of point counts was surveyed under the same weather conditions, at 

approximately the same time of day and surveyed the same field and the same vegetation 

type using the same methodology. 

Statistical anaf.vsis 

Based on presence/absence data, I used a X 2 test to examine differences in the 

proportion of fields in which a species was detected between distance categories and 

within methods (i.e. differences between data from road-based :S 100m and unlimited 

distance point counts, and differences between field-based :S 100m and unlimited 

distance point counts). I also used a X 2 test to examine differences in the proportion of 

fields in which a species was detected across methods (i.e. differences between road and 

field point counts :S 100 m and between road and field point counts with unlimited 

distance. Data from obligate grassland bird species detected at< five road- and field

based point counts were not analyzed statistically. These species included Northern 

Harrier (Circus cyaneus), Upland Sandpiper (Bartramia longicauda), Sedge Wren 



61 

(Cistothorus platensis) and Henslow's Sparrow (Ammodrmnus henslmvii). A Wilcoxon 

paired-sample test (Zar 1999) was also used to compare detection probabilities for the 

two methods across all species (road and field point counts :S 100 m; road and field point 

counts with unlimited distance) and two distances (road-based :S 100m and unlimited 

distance point counts; field-based :S 100m and unlimited distance point counts). Tests 

were considered significant at P < 0.05. Analyses were conducted with Minitab and 

SPSS software. 
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RESULTS 

Across both road- and field-based methods, Bobolink (Dolichonvx orvzivorous) 

and Savannah Spanow (Passerculus sundvvichensis) were the most commonly detected 

grassland birds in the study area, followed by Eastern Meadowlark (Sturnella magna), 

Grasshopper Sparrow (Ammodramus savunnarum), Northem Harrier, Henslow's 

Sparrow, Sedge Wren and Upland Sandpiper (Fig.1). For both road- and field-based 

point counts, the proportion of fields in which Eastem Meadowlarks were detected 

increased significantly when point counts with unlimited distance were used (Table 1; 

Fig. 1 ). For the other three obligate grassland bird species, the proportion of fields in 

which a species was detected did not differ significantly between :::; 100 m and unlimited 

distance for road- and field-based point counts (Table 1; Fig. 1 ). Although differences in 

detection probabilities were not significant for Bobolink and Savannah Spanow, in 

general these species tended to be detected slightly more often with unlimited distance 

point counts (Fig. 1). Across all species, detection probabilities were greater when 

unlimited distance point counts were used, for both road-based point counts (Wilcoxon 

paired-sample test; Z = -2.03, P = 0.042) and field-based point counts (Wilcoxon paired

sample test; Z = -2.06, P = 0.039). 

Bobolink, Grasshopper Sparrow, and Savannah Span·ow were detected 

significantly more often in field-based point counts than in road-based point counts at:::; 

100m and unlimited distance (Tables 2; Fig. 2). Although detection probabilities 

between road- and field-based point counts did not differ significantly for Eastem 

Meadowlark, they tended to be detected more often during field-based point counts at 

both distances (Fig. 2). Across all species, detection probabilities approached 
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significance for road- and field-based point counts :S: 100m (Wilcoxon paired-sample 

test; Z = -1.84, P = 0.065), and di rfered significantly for road- and field-based unlimited 

distance point counts (Wilcoxon paired-sample test; Z = -1.97, P = 0.049). Northern 

Harrier and Henslow's Sparrow were also detected more often in field-based point counts 

than in road-based point counts at :S: 100m and unlimited distance (Fig. 2), although l 

could not test these trends statistically due to small numbers of observations. 
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DISCUSSION 

Presence/absence surveys used in conjunction with design-based sampling and 

model-based estimation of site occupancy rates arc popular for monitoring rare 

populations (McDondald 2004). It is common to conduct these types of surveys from the 

roadside; an example is the USFWS BBS (Rotenberry and Knick 1995). However, my 

results suggest that the use of road-based surveys alone to estimate the relative abundance 

of obligate grassland birds in Jefferson County could result in underestimating the 

proportion of fields with Bobolinks, Grasshopper Spanows and Savannah Sparrows 

present. Thus, population indices for grassland birds developed from road-based point 

counts alone should be interpreted with caution. 

It has been suggested that, in addition to adding sampling bias, roadside surveys 

may introduce geographic biases as a result of differences in road density among regions 

and road placement (Keller and Fu1Ier 1995). However, the use of roadside surveys 

enables expedited travel between survey points and allows for a larger geographic area to 

be surveyed (Conway and Simon 2003), and may be the only altemati ve when access to 

private property is limited. If road-based point counts are used I recommend surveying 

with unlimited distance. Based on my results, the detection probabilities of the more 

common obligate grassland bird species in general, and Eastern Meadowlarks 

specifically, increased on road-based and field-based point counts when unlimited 

distance was used. 

The higher proportions of Eastern Meadowlarks and Northern Harriers detected in 

unlimited radius point counts may be attributed to their relatively larger territory sizes 

(Eastern Meadowlark= 2.8 to 3.2 ha, Northern Harrier= 110 ha), compared to the other 
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smaller obligate grassland passcrines such as the Grasshopper Sparrow and Savannah 

Sparrow (Grasshopper Spanow = 0.6 to 0.8 ha, Savannah Sparrows= 0.5 to 0.8 ha) 

(Wheelwright and Rising 1993, Lanyon 1995, Vickery 1996, Macwhiter and Bildstein 

1996). Also, I observed that Eastern Meadowlarks and Northern Harriers tended to avoid 

observers conducting point counts. Thus, even in field-based point counts, presence of 

Eastem Meadowlarks and Northem Harriers would be better documented if unlimited 

distance point counts were used. 

The use of unlimited radius point counts brings up the much-discussed issue of 

estimating detection probabilities (Burnham 1981, Verner 1985, Verner and Ritter 1985, 

Nichols et al. 2000, Rosenstock et al. 2002, Conn et al. 2004). Although I do not discuss 

methodologies used to conect detection probabilities here, the use of unlimited radius 

point counts should be accompanied by other techniques that account for differences in 

detection probabilities, such as distance sampling, double sampling, capture-recapture 

and double-observer point counts (Thompson 2002). 

Previous studies that compared bird detection rates between road- and field-based 

point counts, in forested landscapes found that road-based and field-based point counts 

were relatively equivalent on small secondary or tertiary roads (Hutto et al. 1995), while 

Keller and Fuller (1995) found a greater number of species and individuals were detected 

at road-based point counts than at their paired field-based point counts. In both studies a 

large number of edge species contributed to the overall diversity. In contrast, I did not 

focus on overall abundance or species diversity, but rather on the guild of obligate 

grassland bird species when determining detection probabilities for road- and field-based 

point counts. Also, results for birds in forested and early successional habitats found 
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along road edges cannot be applied to the guild of grassland birds because grassland birds 

are area-sensitive (Vickery et al. 1994, Helzer and Jelinski 1999, Johnson and Igl 2001), 

and tend to avoid edges (O'Leary and Nyberg 2000. Perkins et al. 2003, Fletcher 2005). 

My results suggest that the probability of detection for grassland birds increased away 

from the road. indicating that grassland species are avoiding the road edges within the 

study area. 1 recommend that, when possible, field-based point counts ~150m from the 

road be used, to document relative abundance and estimate grassland bird population 

indices. 
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Table I. Number of point counts (n =55) at which a given species was detected at :S 100 

m, and with unlimited distance (UD), for road-based and field-based surveys; a X2 test 

was used to compare within methods. 

Road-based Field-based 

Species 1 :SIOOm UD K'rctfJ p :S 100m liD x~ (df) p 

BOBO 28 30 0.15(1) 0.702 42 42 0.00(1) 1.00 

EAME 12 28 10.06(1) 0.002 16 31 8.36(1) 0.004 

GRSP2 14 14 0.00(1) 1.00 

SAYS 24 27 0.33(1) 0.566 40 41 0.05(1) 0.83 

1BOBO =Bobolink, EAME = Eastem Meadowlark, GRSP =Grasshopper Sparrow, 

SA VS = Savannah Sparrow . 

2
· Too few Grasshopper Spanows were detected in road-based surveys for statistical 

analysis. 
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Table 2. Number of point counts (n. =55) at which a given species was detected at :S 100 

rn, and with unlimited distance CUD), for road-based and field-based surveys; a X2 test 

was used to compare across methods. 

Road Field Road Field 

Speciest :S 100m :S 100m X' (dfJ p UD UD XL (df) p 

BOBO 28 42 7.70(1) 0.01 30 42 5.79(1) 0.016 

EAME 12 16 0.77(1) 0.38 28 31 0.33cn 0.567 

GRSP 3 14 8.42(1) 0.00 3 14 8.42(1) 0.00 

SAYS 24 40 9.57(1) 0.00 27 41 7 .55(1) 0.006 

tBOBO =Bobolink, EAME =Eastern Meadowlark, GRSP =Grasshopper Sparrow, 

SA VS = Savannah Sparrow 
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Figure 1. (A) A within-method comparison of the frequency distribution for each species detected with road-based point counts (n = 

55) and (B) field- based point counts (n =55), for species recorded within :S 100m (black) and at unlimited distance (white) of the 

point count station. Significant differences in the probability of occupied fields between between :S 100m and unlimited distance point 

counts indicated by: *P < 0.05, ** P < 0.01. Species codes: BOBO =Bobolink, EAME = Eastem Meadowlark, GRSP =Grasshopper 

Sparrow, HESP = Henslow's Sparrow, NORA= Northem Harrier, SA VS =Savannah Sparrow, SEWR =Sedge Wren, UPSA = 

Upland Sandpiper. 
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Figure 2. (A) A between-method comparison of the frequency distributions for species detected during road-based (white) and field 

based (black) point counts (n =55):::; 100m from the point count station and (B) at unlimited distance from the point count station. 

Significant differences in the probability of detection between field and road-based surveys indicated by: *P < 0.05, ** P < 0.01. 

Species codes: BOBO =Bobolink, EAME =Eastern Meadowlark, GRSP =Grasshopper Sparrow, HESP = Hcnslow's Span·ow, 

NOHA =Northern Harrier, SAVS =Savannah Sparrow, SEWR =Sedge Wren, UPSA =Upland Sandpiper. 
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CHAPTER III 

Song detectability of Henslow's Sparrows (Ammodramus henslowii) 

The use of auditory signals from singing or calling male birds to estimate bird 

population density or document the presence of a species is very common (Bull 1981, 

Mayfield 1981, Ralph et al. 1993, Sauer et al. 2005). To increase the accuracy of 

population estimates it is ideal to survey when bird vocal activity is at its peak, typically 

during the dawn chorus (Robbins and Van Velzen 1967, Skirvin 1981, Kalcelnik and 

Krebs 1983, Ralph et al. 1993). A basic assumption of the singing bird survey method is 

that all bird species present have an equal probability of being detected (Caughley 1977, 

Christman 1986, Wilson and Bart 1987, Nichols et al. 2000). However, birds vary 

enormously in their detectability (Kepler 1981) as a result of inherent differences in 

conspicuousness among species (Mayfield 1981, Thompson 2002), and interspecific 

variation related to time of day, season, age, sex, foraging strategy, audibility, and 

nocturnal behavior (Kepler 1981, Ralph et al. 1993). Within a given species the behavior 

of individuals will also influence their probability of detection. The detectability of 

individual singing males is not always constant (Mayfield 1981, Thompson 2002) and 

song output per bird may vary with density (Diehl 1981, Ba11 and Schoultz 1984 ). 

Therefore, detectability not only varies among species but also among individuals. 

It is important to adjust survey techniques to account for differences in 

detectability (Mayfield 1981), while simultaneously meeting study objectives. This issue 

becomes extremely important when dealing with the occurrence and distribution of 

threatened or endangered species, as accurate assessment of distribution and abundance is 

crucial to formulate and implement effective management plans. The guild of grassland 



76 

birds in New England and New York is one group that requires special attention relative 

to survey techniques, as it has the most species listed as endangered, threatened, or 

special concem in the region (Vickery 1992) and populations have been declining since 

the 1960's (Sauer et al. 2005). 

Most studies that monitor grassland bird populations have concentrated survey 

efforts during the moming (Herkert I 994, Vickery et al. 1994, Bollinger J 995, Norment 

et al.1999, Winter and Faaborg 1999, Johnson and lgl2001). However, not adjusting 

survey techniques to account for the nocturnal behavior of some species may result in 

underestimating the number of birds present. For example, Walk et al. (2000) found that 

just 57% of all breeding species present were recorded during sunrise counts, and 

nocturnally active species such as American Woodcock (Scolopax minor), Short-cared 

Owl (Asioflammeus), Sedge Wren (Cistotlwrus platensis) and Henslow's Sparrow 

(Ammodranzus henslowii) were missed. 

In New York State, a grassland species that may be underestimated by diurnal 

surveys alone is the Henslow's Sparrow. The Hcnslow's Sparrow is listed as a 

threatened species in New York State (NYSDEC 2005), and has been considered as a 

candidate for federal protection under the Endangered Species Act (Pruitt 1996, Sauer et 

al. 2005). Although Henslow's Sparrows are considered diurnal species, there have been 

anecdotal references to their nocturnal singing behavior (Hyde 1939, Austin 1968, Smith 

1992, Rising 1996, Herkert et al. 2002). The Birds of North America Henslow's Sparrow 

species account states that singing at night is fairly common, and occasionally individuals 

sing all night long (Herkert et al. 2002). 
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The purpose of my study was to determine detectability of singing male 

Henslow's Sparrows during a 24-h day throughout the breeding season. To accomplish 

this 1 monitored Henslow's Sparrow song activity over six-24 h periods and examined 

when detection probabilities were highest, relative to time of day, time of season, location 

and moon phase. Knowing when detection probabilities are highest will help determine 

when to best sample for this rare, declining species and allow for better population 

estimates. 
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METHODS 

Study site 

I estimated song detection probabilities for territorial male Henslow's Sparrows 

at New York State Department of Environmental Conservation's (NYSDEC) Perch River 

Wildlife Management Area (herein Perch River) in Jefferson County, New York. Perch 

River has approximately 205 ha of cool season grassland surrounding the periphery of a 

large wetland complex. The cool season grasslands of Perch River are managed for 

grassland birds and have supported populations of Henslow' s Sparrow for at least 20 yr 

(NYSDEC 2005). 

Hens low's Sparrow song detection probabilities were determined over six 24-h 

periods, from 25 May 2005 to 15 July 2005. On average, surveys were conducted every 

10 d, which allowed for two replications of three moon phases: full, new and half. Seven 

unlimited radius point count stations were established a week prior to the start of the 

study and were set at locations with~ I singing male Henslow's Sparrow present. 

Because I established my survey points where I knew Henslow's Sparrow were present, I 

was able to determine true detection rates, whereas if my survey points were randomly 

selected I would not have been able to distinguish non-detection from non-presence. 

Survey points were adequately spaced to avoid double counting of birds from adjacent 

sites. 

I listened for Henslow's Spanow songs at each survey point every 3 h during a 

24-h day, for a total of eight observation periods: 00:00-03:00 h, 03:00-06:00 h, 06:00-

09:00 h, 09:00-12:00 h, 12:00-15:00 h, 15:00-18:00 h, 18:00-21:00 h, and 21:00-24:00 h. 

I counted the number of complete songs during a 5-min interval at each survey point. It 
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took approximately 90 min to survey all seven points. Diumal and nocturnal effects on 

song detection probabilities were also examined. l defined diumal time periods as those 

beginning at the moming civil twilight and ending after evening civil twilight, from 06:00 

h to 21:00 h. Nocturnal time periods were defined as those beginning after evening civil 

twilight, at 00:00 h to 03:00 h. Civil twilight is the limit at which twilight illumination is 

sufficient for terrestrial objects to be clearly distinguished (Boggs 1931). Surveys were 

conducted under favorable weather conditions, which included winds< 10 km/hr and no 

or very light rain. 

1 did not mark birds because most survey methods that are used to estimate a 

population index (e.g. Breeding Bird Survey and New York Breeding Bird Atlas) do not 

require the recognition of individuals, and I was interested in monitoring changes in song 

detection using survey techniques used for estimating population indices. Also, I felt that 

the secretive nature of Henslow's Sparrows would make observations or markings 

difficult and any marks would not be visible at night. 

Statistical analysis 

Because 1 did not detect song during approximately 30 %of my counts, my data 

on song activity were not normally distributed. Attempts to correct for non-normality 

were unsuccessful; therefore I used binary logistic regression to perform logistic 

regression on a binary response variable (Minitab 2003), the presence or absence of song. 

I tested for effects of point location (hereafter referred to as point), moon phase (hereafter 

referred to as moon), date and time of survey on the probabihty of song detection. Time 

was examined in two ways: 1) over an entire 24 h period where detection probabilities 

were nested within diurnal and nocturnal periods [Time(DayNight)], and 2) by examining 



80 

the differences in nocturnal and diurnal song detection probabilities (DayNight). Moon, 

point, DayNight and time of survey were modeled as factors, while date was modeled as 

a covariate. 

The most general model examined contained all interactions, up to two three-way 

interactions, between the main effects (Table 1 ), except for interactions involving moon 

and point, as I assumed a priori that the effect of the moon would be constant across all 

points. I conducted model selection hy removing one interaction term per model, with 

interactions with the highest p-values being removed sequentially. Selection criteria for 

the final model included a non-significant Pearson goodness-of-fit value; convergence, 

and which model had the lowest corrected Akaike's Information Criterion (AIC) and the 

largest Akaike's weight (wi) values (Burnham and Anderson 1998, Anderson et al. 2001). 

Statistical analyses were canied out using Minitab.for Windows version 14.0 statistical 

software (Minitab 2003). 
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RESULTS 

The best model for song detection contained significant main effects of date, 

moon, point, nocturnal, and Time(DayNight), with strong interactions between date and 

moon, date and DayNight, moon and DayNight, and date, moon and DayNight (Table 1). 

Point and Time(DayNight) were the only two factors that did not have significant 

interaction effects on song detection probability. 

Henslow' s Sparrows sang throughout the 24-h period (Fig. I A). Song detection 

probabilities were generally highest during the time periods of 03:00-06:00 h and 18:00-

21:00 h, with lowest probability of detection occuning between 12:00-18:00 h. As clays 

progressed song detection probability generally declined from morning until early 

evening, increased from 18:00-21:00 h, and then declined until midnight. Although song 

detection probability declined rapidly between 21 :00~24:00 h, Henslow's Sparrows sang 

throughout the night. As with time, Henslow's Spanow song detection probability was 

strongly influenced by date (Table 1), with the highest probability of detection occurring 

on 25 May, 15 June, 5 July and 12 July (Fig. lB). 

Hcnslow's Sparrow song detection probabilities varied significantly among points 

(P = 0.002; Table 1, Fig. 2A). Also, time of maximum detection probability varied 

across points (Fig. 3). For example, song detection probabilities at points 1 and 2 reached 

maxima at 12:00 and 21:00 h respectively, while detection probabilities at points 4 and 7 

reached maxima between 21:00 and 00:00 h (Fig.3). During surveys I rarely heard only 

one male Hcnslow's Sparrow sing at a point; if one bird began singing, at least one 

neighboring male usually joined in. Males thus appeared to be stimulated by their 
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neighbor's song, which resulted in bouts of counter-singing and localized clusters of song 

activity that varied with time of day across the series of seven points. 

Song detection probabilities for Henslow's Sparrows also varied with moon 

phase. The highest probabilities of detection occurred on dates with full and half moons 

(Table 1, Fig. 2B). However, understanding the nature of the relationship between date, 

time and moon and Henslow's Sparrow song detection probability is complicated by 

strong interactions between date and moon, date and DayNight, moon and DayNight, 

date, moon and DayNight (Table 1). For example, the effect of moon phase on song 

detection appears to be complex; nocturnal detection probabilities increased with date, 

with the highest average nocturnal detection probabilities recorded under both half and 

full moons (Fig. 2B). Also, patterns for diurnal and nocturnal detection probabilities 

differed, with nocturnal probabilities tending to increase with date; diurnal probabilities 

exhibited more variation (Fig. 2B ). 
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DISCUSSION 

Knowing when a bird species is most likely to be detected will enable researchers 

to better design survey protocols and ultimately increase the accuracy of abundance 

estimates. In order to determine when detection for a species is highest, factors that 

influence song activity and in tum the probability of detection must be considered. I 

examined the influence of time of day, date, location (point) and moon phase on song 

detection probability in a Hcnslow's Sparrow population over six 24 h time periods. My 

results show that strong temporal and spatial differences occur in the detection 

probabilities of Henslow's Spanow song. Moon phase, date and time of day affected the 

detectability of Hcnslow's Spanow song, with Henslow's Spanow song tending to be 

detected more frequently between 03:00 hand 06:00 h, and between 18:00 hand 21:00 h; 

later in the breeding season; and during half and full moons. However, interactions 

between moon and time, moon and date, and moon, time and date make it difficult to 

ascertain the effects of single predictor variables on Hcnslow's SpaJTow song 

detectabi 1 i ty. 

I anticipated that Henslow's Sparrow song detection would be highest early in the 

breeding season, when males arc establishing teJTitorics and females are laying eggs, and 

then decline as the season progressed (Skirvin 1981, Merila and Sorjonen 1994, Gil et al. 

1999). However, nocturnal detection probabilities tended to increase with date (Fig. 2B). 

Holmes and Dirks (1978) observed a similar pattern in Golden-crowned SpaJTows 

(Zonotrichia atricapilla) at 62° N latitude, where song activity peaked later in the season 

than expected. Hens low's Sparrow noctumal detection probabilities peaked from I 5-22 

June and started to decline. Henslow's Sparrows may breed into August and September 
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across their range (Herkert et al. 2002), including New York State (Andric and Carroll 

1988)~ Mazur (1996) found that as many as 50% of the male Henslow's Sparrows in her 

study population at Saratoga National Historical Park, New York, arrived and established 

territories after 31 May. Henslow's Sparrow nocturnal song activity follows the typical 

pattem of song activity associated with the progression of the breeding season, thus 

suggesting that nocturnal song is a function of breeding. However, Barclay et al. (1987) 

found no apparent association between noctumal song rates and nesting stage for Marsh 

Wrens ( Cistothorus palustris). 

Despite large variations in song detection among point and time of day, the Perch 

River Henslow's Sparrow population tended to be more vocal between 03:00-06:00 hand 

18:00-21:00 h. Therefore I conclude that it is not necessarily best to survey Henslow's 

Sparrows at night, at least in my study area. This contradicts Walk et al. (2000), who 

found that Henslow's Sparrows in Illinois were recorded more frequently at night than at 

sunrise. However, my study is in partial agreement with Heller and Hughes (1997), who 

reported that Henslow's Sparrows in Indiana were most vocal from 05:00 h to 06:00 h, 

with high levels of song activity continuing until 12:00 h. I assume that levels of song 

activity would be directly related to song detection probabilities and that as the level of 

song activity increases, song detection probabilities would also increase. In addition, 

Heller and Hughes (1997) reported a nighttime resurgence of song activity from 22:30 h 

to 01:30 h. I also observed this pattern (Fig. lA). Differences between my data on song 

detection and those from studies in the Midwest (Heller and Hughes 1997, Walk et al. 

2000) suggest that there may be regional differences in Hens! ow's Sparrow song 

behavior and detection probabilities, as has been found for Robin (Erithacus rubecula) 
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populations in Wales and Ireland (Thomas eta!. 2003). In turn, regional differences in 

singing behavior appear to parallel geographic differences in grassland bird ecology 

(Wiens 1981), such as intraspecific differences in habitat selection between the Midwest 

and Northeast (Bollinger 1995, Norment et al. 1999). Regional differences in song 

behavior suggest that regional differences in peak detection period and factors that 

influence detection probability may also vary regionally. 

Another factor to consider is the influence of moon phase on Henslow's Sparrow 

song detection probabilities. I found that the highest nocturnal song detection 

probabilities occurred during the half and full moon phases, although the highest diurnal 

detection probabilities were recorded under new and half moons (Fig. 2B). Some 

previous studies suggest that the moon phase does not influence bird song (Wright 1912, 

Barclay 1985) while others note a positive relationship between bird song and light 

intensity from the moon (Leopold and Eynon 1961, Cink 2002). Kroodsma (2005) stated 

that the full moon, in conjunction with warm weather and their recent return from 

migration, was an important factor in the increased nocturnal singing activity of Whip

poor-wills ( Caprimulgus vociferus) in Montague Plain, MA. I recommend fUJther 

investigation on the influence of moon phase on nocturnal bird song of Henslow's 

SpmTows and other species. 

Although average song detection probabilities were lowest between 21:00 and 

24:00 h, Henslow's Sparrows continued singing throughout the night and song activity 

did not cease at any time during the 24 h day. This raises the question of why Henslow's 

Sparrows sing at night. It has been suggested that birds sing at night to avoid background 

noises present during the daylight hours (Hultsch and Todt 1982, Barclay et al. 1987). In 



the case of the Henslow's Spanow, this hypothesis makes sense when considering 

interspecific song competition (Catchpole 1995) with other grassland birds such as the 

Bobolink (Dolichonys oryzivorus), whose louder and longer song is sung almost 

continuously throughout the moming (Martin and Gavin 1995). Interspecific song 

competition from other grassland birds like the Bobolink may disrupt the intensity with 

which male Henslow's Sparrow song is received by the female and thus hinder mate 

attraction, as it has been proposed that females choose the signal they perceive most 

intensely (Searcy and Yasukawa 1996). Finally, male mating status might affect 

noctumal singing behavior. For example, Merritt (1985) found that only unmated 

Northem Mockingbirds (Mimus polyglottos) sang at night. However, I was not able to 

determine the mating status of individual Perch River Henslow's Sparrows. 
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In conclusion, Henslow's Sparrow song detection varied across point, time, date 

and moon phase. Sampling methods, if aimed at Hem;low's Sparrows, should take this 

variability into account, as well as the possibility of regional differences in song detection 

probabilities, and whether surveys are meant to determine occunence (presence/absence) 

or relative abundance (McDonald 2004). Although my study was not designed to 

develop a survey protocol designed to maximize detection of Hcnslow's Sparrows, I can 

make several recommendations, given the tradeoff between temporal and spatial 

replication (MacKenzie et al. 2004). According to my data, it would be best to sample 

multiple locations, across all moon phases, between 03:00-06:00 h and 18:00-21:00 h, 

throughout the breeding season. Whether or not noctumal sampling will increase 

detection probabilities may depend upon the particular geographic location. 



Table 1. Summary of model selection; log-likelihood (log(L)); number of parameters (K), AICc, differences (61), and Akaike \veights 

The model with the minimum is shown in bold. 

Model 
Variables df 1 2 3 4 5 6 7 
Date 1 0.089 0.054 0.027 0.030 0.036 0.244 0.001 
Moon 2 0.315 0.000 0.000 0.000 0.000 0.000 0.000 
Point 6 0.241 0.348 0.306 0.307 0.333 0.002 0.002 
Day Night 1 0.857 0.349 0.194 0.244 0.144 0.142 0.012 
Time(DayNight) 6 0.947 0.457 0.46 0.463 0.260 0.289 0.058 

Date*Moon 2 0.333 0.000 0.000 0.000 0.000 0.000 0.000 
Date*Point 6 0.17 0.244 0.263 0.273 0.299 
Date* DayNight 1 0.732 0.266 0.170 0.196 0.106 0.104 0.010 
Date *Time(Da y Night) 6 0.955 0.431 0.582 0.586 0.252 0.282 
Moon*DayNight 2 0.939 0.011 0.024 0.023 0.019 0.018 0.024 
Moon *Time(DayNight) 12 0.999 0.5 I 9 0.691 0.707 
Point* DayNight 6 0.893 0.886 0.693 
Point*Time(DayNight) 36 0.996 0.998 

Date*Moon* DayNight 2 0.929 0.008 0.016 0.016 0.01CJ 0.016 0.021 
Date*Moon*Timc(DayNight) 12 0.999 

Pearson GOF df 234 246 282 288 300 306 312 
Pearson GOF P 0.021 0.341 0.004 0.128 0.151 0.179 0.216 

Converge? No No No Yes Yes Yes Yes 

log(L) -111.17 -122.74 -149.66 -156.91 -161.81 -165.79 -169.86 
K 102 90 54 48 35 30 24 
AICc 516.51 492.33 428.45 426.21 402.03 397.68 391.57 
~i 124.93 100.76 36.87 34.63 10.46 6.l0 0 
W; 7.0xHJA-28 l.3xlOA-22 9.3x10A-9 2.9x10A-8 0.005 0.04 0.95 
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Appendix X. 2004 Northern Harrier 
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Appendix XIV. 2004 Henslow's Sparrow locations, 
Jefferson County NY 

Features 

(l Henslo•Ais Sparrows 

>81 

Water 

st Lalf!)rence County 

Lewis Coun~· 

Roads 

9:, LaNrence 

lMs + 
0 3 B 121<m 

111 



Appendix XV. 2005 Henslows Sparrow Locations, 
Jefferson County NY 

Features 
Q HensloviJ's Sparrollits 

~81 

Water 

5'1: Lawrence C oiJnty 

U>wis C ounly 

Roact: 

112 

9:, Lawrence 

+ 
3 6 12 Km 
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