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HABITAT RELATIONS AND BREEDING BIOLOGY
OF GRASSLAND BIRDS IN NEW YORK

CHRISTOPHER J. NORMENT, CHARLES D. ARDIZZONE, AND KATHLEEN HARTMAN

Abstract. In 1994 we began a study of the habitat relations and breeding biology of grassland birds
in western New York. Most fields contained fewer than four grassland species, with Bobolink (Doli-
chonyx oryzivorous) and Savannah Sparrow (Passerculus sandwichensis) being the two most common
species. Species of management concern in the Northeast, such as Henslow’s Sparrow (Ammodramus
henslowii) and Upland Sandpiper (Bartramia longicauda), were absent from the study area. Bird-
habitat models generated through Principal Components Analysis and stepwise multiple regression
indicated that field area, or variables correlated with area, explained most of the variation in overall
grassland bird species richness (partial r> = 0.43) and abundance (partial r> = 0.60) and in the abun-
dance of Bobolinks and Savannah Sparrows. Grassland birds were generally absent from fields smaller
than 5 hectares. Areas with few shrubs and low horizontal heterogeneity supported more grassland
bird species than did fields with more shrubs and high horizontal heterogeneity, and fields with shorter,
less dense vegetation had more individuals than did fields with taller, dense vegetation. Few grassland
birds occurred in fields planted in switchgrass (Panicum virgatum) monocultures. More than 90 percent
of all known nesting pairs fiedged young by the end of the first week in July. Nest success was
generally high; the proportion of nests fledging one or more young was 0.76 for Savannah Sparrows,
0.54 for Bobolinks, and 0.67 for Eastern Meadowlarks (Sturnella magna).

Grassland bird populations in this study may benefit from management practices that increase field
area, control shrub invasion, and encourage the growth of grasses other than switchgrass. The current
low levels of grazing at Iroquois National Wildlife Refuge, with cattle allowed in pastures only after
15 July, do not appear to be harmful to grassland bird populations.

LAS RELACIONES ENTRE LOS HABITATS Y LA BIOLOGIA REPRODUCTIVA
DE AVES DE PASTIZAL EN NUEVA YORK

Sinopsis. En 1994 iniciamos un estudio de las relaciones entre los hdbitats y la biologia reproductiva
de aves de pastizal en el oeste de Nueva York. La mayoria de los campos tenian menos de cuatro
especies de pastizal, con el Tordo Arrocero (Dolichonyx oryzivorous) y el Gorrién Sabanero (Passer-
culus sandwichensis) como las dos especies mds comunes. Las especies de importancia para manejo
en el noreste, como el Gorrién de Henslow (Ammodramus henslowii) y el Zarapito Ganga (Bartramia
longicauda) estaban ausentes del drea de estudio. Los modelos de hdbitat para aves producidos por el
Analisis de Componentes Principales y las regresiones multiples de escala indicaron que el drea del
campo (o las variables correlacionadas con el area) daban cuenta de la mayor parte de la variacién
de la riqueza total de especies de aves de pastizal (parcial r> = 0,43), de la abundancia total de ellas
(parcial r> = 0,60) y de la abundancia de los Tordos Arroceros y los Gorriones de Henslow. Las aves
de pastizal generalmente estaban ausentes en los campos de menos de 5 hectdreas. Las dreas con
pocos arbustos y una escasa heterogeneidad horizontal mantenian mas especies de aves de pastizal
que los campos con més arbustos y una abundante heterogeneidad horizontal; los campos con vege-
tacion mds baja y menos densa tenian mas individuos que los campos con vegetacién mas alta y
densa. Habia pocas aves de pastizal en campos sembrados con monoculturas de Panicum virgatum.
Mais de un 90 por ciento de todas las parejas conocidas con nidos produjeron pollos para el fin de la
primera semana de julio. El éxito de los nidos fue generalmente alto; la proporcion de los nidos que
produjeron un pollo o mds fue 0,76 para los Gorriones Sabaneros, 0,54 para los Tordos Arroceros y
0,67 para los Praderos Orientales (Sturnella magna).

Las poblaciones de aves de pastizal pueden beneficiarse con las practicas de manejo que aumenten
el drea de los campos, controlen la invasién de arbustos y estimulen el crecimiento de hierbas que no
sean Panicum virgatum. Los bajos niveles actuales de apacentamiento en el Refugio Nacional de
Fauna Iroquois, con ganado permitido en las praderas solamente después del 15 de julio, no parecen
ser dafiinos para las poblaciones de aves de pastizal.

Key Words: Bobolink; breeding biology; Dolichonyx oryzivorous; Eastern Meadowlark; grassland
birds; habitat selection; New York; Passerculus sandwichensis; Savannah Sparrow; Sturnella magna.

Populations of many grassland bird species in
the United States have declined significantly
since the mid-1960s (Robbins et al. 1986, Knopf
1994). Although declines of North American
breeding birds may vary across geographic re-
gions (James et al. 1992; Peterjohn and Sauer

1994, 1999; Herkert 1995a), the trend evident
for grassland birds is consistent across North
America (Robbins et al. 1986, Bollinger and Ga-
vin 1992, Smith and Smith 1992, Askins 1993,
Peterjohn and Sauer 1999). Reasons for declines
of grassland birds in the northeastern United
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TABLE 1. TYPES AND SIZES OF FIELDS CENSUSED FOR GRASSLAND BIRDS IN WESTERN NEW YORK, 1995
Sample sizes
Iroquois Montezuma Braddock Bay

Habitat type NWR? NWRP WMA Total Size (ha)
Cool-season grassland® 8 1 9 5.1-20.1
Warm-season grassland 6 1 7 1.3-44
Pasture 3 3 19.0-98.4
Fallow farm field 4 1 5 5.0-14.0
Forb-dominated field 5 2 7 3.0-329
Old field with shrubs 8 4 12 2.0-14.6
Total 34 8 1 43 1.3-98.4

4 Includes Oak Orchard and Tonawanda WMAs.
b Includes NYSDEC lands in the Northern Montezuma Wetlands Complex.
¢ Habitat descriptions given in Appendix.

States include farmland abandonment, decline of
hayfield area, and earlier and more frequent hay-
cropping rotations (Andrle and Carroll 1988,
Bollinger and Gavin 1992). Many species of
grassland birds are area sensitive and are partic-
ularly vulnerable to loss of grassland habitat
(Smith and Smith 1990, Vickery et al. 1994). In
the Northeast, grassland habitat has declined by
about 60% since the 1930s (Vickery et al. 1994).

In 1994 we began a study of grassland birds
on lands in western New York administered by
the U.S. Fish and Wildlife Service (USFWS)
and New York State Department of Environ-
mental Conservation (NYSDEC). Our objectives
were to determine grassland bird species rich-
ness and abundance, breeding biology, and hab-
itat relations on these lands. Studies on breeding
biology focused on determining nest success and
chronology, whereas bird-habitat relations were
examined at both the local (vegetation) and
landscape levels. Results of this study will be
used to evaluate the status of grassland bird pop-
ulations on public lands in the Great Lakes Plain
of western New York and to suggest manage-
ment alternatives to increase grassland bird pop-
ulations in the region.

STUDY AREA

We began our study in May 1994 at Iroquois Na-
tional Wildlife Refuge (NWR) and the contiguous
NYSDEC Tonawanda and Oak Orchard Wildlife Man-
agement Areas (WMAs), located about 65 km west of
Rochester, New York, in the Great Lakes Plain eco-
zone of New York (Andrle and Carroll 1988). The area
comprises approximately 8,000 ha of wetlands and up-
lands that historically has been managed to provide
habitat for breeding and migratory waterfowl (Iroquois
NWR 1993). More than 1,000 ha of potential upland
habitat for grassland birds also exist in the area. This
potential habitat includes fields managed as cool-sea-
son grasslands, warm-season grasslands dominated by
switchgrass (Panicum virgatum), old fields with a
grass/forb/shrub mix, fallow farm fields, forb-domi-
nated fields, and pastures (Iroquois NWR 1990; Table
1; see Appendix for a description of habitat types). The

various fields range in size from 0.5 to 98 ha, inter-
spersed in a landscape matrix of wetlands, croplands,
and hardwood forests.

In 1995 we expanded the study to include two ad-
ditional sites: a 44-ha warm-season grassland at Beat-
tie Point in the NYSDEC Braddock Bay WMA, 11 km
west of Rochester, New York, and approximately 55
ha of upland habitat in the Northern Montezuma Wet-
lands Complex, about 50 km west of Syracuse, New
York, and administered by the USFWS and NYSDEC.
The grassland at Braddock Bay is on the southern
shore of Lake Ontario and is bordered on three sides
by extensive wetlands. The upland habitat in the
Northern Montezuma Wetlands Complex is surround-
ed by a mixture of wetlands, agricultural fields, and
deciduous forest.

METHODS

We determined grassland bird species abundance
and richness using fixed 50-m-radius point counts. We
established 59 census points in 34 fields in 1994 and
82 points (the same 59 points plus an additional 23)
in 43 fields in 1995. These fields represented the range
of shrub/grassland habitats found in the study area (Ta-
ble 1). To control for area-related differences in sam-
pling intensity, we placed no more than one census
point in fields smaller than 10 ha and maintained a
density of approximately one census point per 7 ha in
larger fields. In fields with more than one census point,
we separated point centers by at least 200 m to mini-
mize recounts. Each point was censused five times a
year for 10 min per census. We conducted censuses
between 0600 and 1000 eastern standard time from 15
May to 1 July. For each point, we recorded the number
of species, individuals per species, and total number
of individuals seen and/or heard during the 10 min.
For fields with more than one census point, we aver-
aged bird abundance across points and censuses to ob-
tain the mean number of individuals per census per
point for the field. We also searched the study area for
species of management concern at either the state or
federal level (e.g., Henslow’s Sparrow [Ammodramus
henslowii] and Upland Sandpiper [Bartramia longi-
caudal) by walking transects and broadcasting songs
in likely habitat.

‘We monitored nests of grassland and old-field spe-
cies at Iroquois NWR in 1994, 1995, and 1996 to de-
termine nest success and chronology for grassland
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birds; we restricted intensive nest searches and moni-
toring to this site because of time constraints. We io-
cated nests either by dragging ropes or by following
birds to their nests. All nests located were marked with
a small piece of flagging 5 m north of the nest and
were checked at approximately 3-d intervals until
fledging. We recorded the number of eggs and/or nes-
tlings and checked for the presence of brood parasitism
by Brown-headed Cowbirds (Molothrus ater). For spe-
cies with a sample size larger than 10 per year, we
used Mayfield’s (1975) method to calculate nest suc-
cess based on exposure.

We evaluated data from the 1995 field season on
grassland bird-habitat relations at both the local, or in-
field, and landscape levels using methods similar to
those of Wiens and Rotenberry (1981) and Pearson
(1993). Between 18 and 25 May 1995, we measured
vegetation at 10-m intervals along 50-m-transects ex-
tending out from each census point in the four cardinal
directions (N = 20 samples/point). At each sampling
point we passed a 3-mm-diam, 1-m-long rod vertically
through the vegetation perpendicular to the ground and
counted the number of contacts made by four classes
of vegetation (grass, forb, shrub, and dead). These
measurements were used to derive 12 in-field vari-
ables: (1) mean vegetation height; (2) maximum veg-
etation height; (3) coefficient of variation of vegetation
height, which is a measure of horizontal heterogeneity;
(4) proportion of ground cover; (5) number of vege-
tation contacts = 25 cm; (6) number of vegetation con-
tacts > 25 cm; (7) total vegetation contacts; (8) total
forb contacts; (9) total grass contacts; (10) total shrub
contacts; (11) total dead contacts; and (12) total num-
ber of shrub stems intersected by the transects.

In 1995 we quantified 10 landscape-level variables
using a combination of Geographic Information Sys-
tems (GIS) technology and interpretation of U.S. De-
partment of Agriculture Agricultural Stabilization and
Conservation Service (ASCS) 1:20,000 aerial photo-
graphs. For each field we calculated three variables:
field area (which was log transformed before use in
subsequent analyses), field perimeter, and distance
from the center of the field to the nearest field-forest
edge. We quantified seven additional landscape-matrix
variables in a 500-m radius from the edge of each field.
These variables were measured from ASCS aerial pho-
tographs with a simple dot grid transparent overlay and
were based on the proportion of area occupied by sev-
en different habitat types: (1) old field with shrubs, (2)
forb-dominated field, (3) cool-season grassland and
pasture, (4) wetland, (5) cropland, (6) deciduous forest,
and (7) warm-season grassland. Habitat types were de-
termined during ground surveys; patches were then
classified based on the predominant habitat type (>
50%) in the patch.

The vegetation and landscape measurements from
1995 produced sets of 12 and 10 variables, respective-
ly. We used Principal Components Analysis (PCA) to
simplify the structure in each variable set by reducing
the original number of variables to a smaller set of
new, uncorrelated variables or axes (factors). All veg-
etation and landscape variables except proportion of
ground cover were used in the PCAs; ground cover
was excluded because it showed almost no variation
among fields. PCAs were performed on correlation
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matrices; the initial solution was then rotated to pro-
vide a clearer interpretation of the loadings, and those
factors with eigenvalues greater than 1.0 were used in
subsequent analyses of bird-habitat relationships
(Wiens and Rotenberry 1981, Pearson 1993). We then
constructed statistical models to describe the variation
in bird communities using factor scores and abun-
dance/species-richness data for each field; abundance/
species-richness data were based on means for all 1995
censuses in each field. We focused primarily on grass-
land birds, which included species in the North Amer-
ican grassland avifauna of Mengel 1970 (see also
Knopf 1994), with the addition of Bobolink (Doli-
chonyx oryzivorous). Response variables included
number of grassland species (hereafter referred to as
“‘species’’) observed in the field during the season;
mean number of grassland birds per census per point
for each field; and for each common grassland species
in the study area (Savannah Sparrow [Passerculus
sandwichensis], Bobolink, and Eastern Meadowlark
[Sturnella magnal), mean number of individuals per
census per point for the field. Stepwise multiple re-
gression was then used to select and evaluate the pow-
er of specific vegetation and landscape factors in ex-
plaining variation among fields in 1995 response var-
iables. In addition, correlation coefficients were cal-
culated for the relationship between the abundance of
individual bird species and scores for each field on the
most important factors (Wiens and Rotenberry 1981);
for comparative purposes, nongrassland species were
included in this analysis.

Although we restricted most bird-habitat analyses to
the larger 1995 data set, we did test the 1994 data on
species richness and abundance for their response to
field area using simple linear regression.

RESULTS
SPECIES RICHNESS AND ABUNDANCE

We observed five grassland bird species in the
study area in 1994 and 1995: Northern Harrier
(Circus cyaneus), Upland Sandpiper, Savannah
Sparrow, Eastern Meadowlark, and Bobolink.
Only the last three species were observed reg-
ularly (> 0.5 individuals/census/point) in at least
one field.

Savannah Sparrows and Bobolinks were
widely distributed throughout the study area, but
Eastern Meadowlarks were observed regularly
in only 4 of 34 fields censused in 1994 and in
4 of 43 fields censused in 1995. Other grassland
species of management concern in the region,
including Henslow’s Sparrow, Grasshopper
Sparrow (Ammodramus savannarum), and Ves-
per Sparrow (Pooecetes gramineus), were not
observed in the study area, although Henslow’s
and Grasshopper sparrows have occurred spo-
radically at Iroquois NWR in the past (E. Der-
leth, pers. comm.).

The total number of species observed in a
field and the average number of individuals per
census per point increased with field area in both
1994 and 1995 (Table 2). We saw few species
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TABLE 2. LINEAR CORRELATIONS (R2) BETWEEN LOG OF FIELD AREA AND VARIOUS INDICES OF GRASSLAND BIRD

ABUNDANCE IN WESTERN NEW YORK, 1994 AND 1995

1994 1995
(N = 34) P (N = 43) P

Species richness? 0.591 < 0.001 0.508 < 0.001
Number of individuals/census/point®

Total grassland birds 0.604 < 0.001 0.365 < 0.001

Savannah Sparrow 0.551 < 0.001 0.354 < 0.001

Bobolink 0.395 < 0.001 0.261 < 0.001

Eastern Meadowlark 0.144 0.051 0.077 0.065

4 Grassland species only (Northern Harrier, Upland Sandpiper, Savannah Sparrow, Bobolink, and Eastern Meadowlark).

or individuals in fields smaller than 5 ha (Fig.
1). The mean number of Savannah Sparrows and
Bobolinks per census per point increased with
area in 1994 and 1995 (Table 2, Fig. 2), with
few individuals occurring in fields smaller than
5 ha. Abundance of these species did not in-
crease, however, in larger old-field or warm-sea-
son grassland habitats (Fig. 2). The relationship
between area and abundance was weak for East-
ern Meadowlarks (Table 2), although this result
may have been affected by the small number of
fields where this species was recorded; it was
not observed in fields smaller than 13 ha in ei-
ther 1994 or 1995 (Fig. 2).
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FIGURE 1. Mean number of grassland individuals

per census per point (A) and number of grassland spe-
cies (B) plotted against area (log transformed) in west-
ern New York fields, 1995. M = abandoned hayfield
at Montezuma NWR; BP = Beattie Point warm-season
grassland at Braddock Bay WMA (see “‘Results’’).

Grassland bird abundance and species rich-
ness were consistently lower in warm-season
grasslands, including in the 44-ha field at Brad-
dock Bay WMA, than in cool-season grasslands
and pastures in the study area (Figs. 1 and 2).
Common species in warm-season grasslands in-
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FIGURE 2. Mean number of individuals per census
per point plotted against field area (log transformed)
for Savannah Sparrows, Bobolinks, and Eastern Mead-
owlarks in western New York grasslands, 1995. M =
abandoned hayfield at Montezuma NWR; BP = Beat-
tie Point warm-season grassland at Braddock Bay
WMA (see “Results™).
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TABLE 3.
GRASSLAND BIRDS IN WESTERN NEW YORK IN 1995
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LANDSCAPE (L) FACTORS AND FACTOR LOADINGS GENERATED BY PRINCIPAL COMPONENTS ANALYSIS FOR

Landscape factors

L1 L2 L3 L4 Ls
Eigenvalue 2.831 2.676 1.291 1.276 1.221
Proportion of total variance explained 0.283 0.168 0.129 0.128 0.122
Cumulative proportion of variance explained 0.283 0.451 0.580 0.708 0.830
Variable
Field area 0.551 —0.085 0.049 —0.180 -0.013
Field perimeter 0.532 —0.071 0.108 -0.279 —-0.079
Distance to nearest field/forest edge 0.512 0.054 0.129 0.098 —0.106
Proportion warm-season grassland —-0.214 0.047 0.169 0.560 0.196
Proportion deciduous forest 0.192 —0.625 0.024 —0.035 —0.011
Proportion cool-season grassland —0.150 —0.437 0.074 0.076 0.564
Proportion cropland —0.148 0.014 -0.702 -0.189 -0.278
Proportion forb-dominated field -0.114 0.203 —0.267 0.653 —0.098
Proportion old field 0.082 -0.019 0.576 0.052 —-0.614
Proportion wetland 0.058 0.599 0.199 —0.308 0.402

Note: Only factors with eigenvalues > 1.0 are shown.

cluded Swamp Sparrow (Melospiza georgiana),
Song Sparrow (M. melodia), and Field Sparrow
(Spizella pusilla). Two species of management
concern in the Northeast (Schneider and Pence
1992) used switchgrass fields during the study:
Northern Harriers nested in switchgrass fields at
Tonawanda and Braddock Bay WMAs, and
Sedge Wrens (Cistothorus platensis) held terri-
tories in switchgrass fields at Iroquois NWR and
at Braddock Bay WMA. The one field in the
study area with a dense growth of alfalfa (Medi-
cago sativa), a 10.1-ha former hayfield at Mon-
tezuma NWR, supported a much greater abun-
dance of grassland birds than predicted on the
basis of area alone (Fig. 1).

MULTIVARIATE ANALYSIS OF BIRD-HABITAT
RELATIONSHIPS

PCA produced five landscape and three veg-
etation factors with eigenvalues greater than 1.0;
these accounted for 83.0 and 77.6% of the total
variation, respectively (Tables 3 and 4). These
factors were interpreted by examining loadings
on the original variables. Among the landscape
factors, L1 clearly represented area, with three
variables related to field area (field area, field
perimeter, and distance from the center of a field
to the nearest field/forest edge) having high pos-
itive loadings on the axis (Table 3). Fields with
high scores on factor L2 were surrounded by

TABLE 4. VEGETATION (V) FACTORS AND FACTOR LOADINGS GENERATED BY PRINCIPAL COMPONENTS ANALYSIS

FOR GRASSLAND BIRDS IN WESTERN NEW YORK IN 1995

Vegetation factors

Vi V2 v3
Eigenvalue 4.299 3.136 1.214
Proportion of total variance explained 0.391 0.285 0.110
Cumnlative proportion of variance explained 0.391 0.676 0.776
Variable

Total vegetation contacts -0.430 -0.229 0.027
Vegetation contacts > 25 cm —0.415 —0.074 0.151
Mean vegetation height —-0.413 0.145 0.129
Total dead contacts -0.402 —0.184 0.207
Maximum vegetation height -0.323 0.351 0.180
Vegetation contacts = 25 cm -0.320 -0.293 —0.084
Total shrub contacts -0.192 0.373 —0.533
Total shrub stems -0.184 0.374 —0.523
Coefficient of variation of vegetation height -0.126 0.391 0.209
Total grass contacts —0.106 —0.365 —0.404
Total forb contacts 0.080 0.336 0.337

Note: Only factors with eigenvalues > 1.0 are shown.
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TABLE 5. STEPWISE MULTIPLE REGRESSION MODELS OF
GRASSLAND BIRD-HABITAT RELATIONSHIPS IN WESTERN
NEwW YORK

Habitat

variables
entered into
Bird variable mode]? Partial r2 r?
Species richness L1 0.43 0.51
V2 0.08
Abundance L1 0.60 0.66
V1 0.06
Savannah Sparrow L1 0.57 0.62
V1 0.05
Bobolink L1 0.43 0.43

No variables entered into
model at P < 0.05

Eastern Meadowlark

Note: All variables given have P < 0.05; 12 is the proportion of the total
variation in the particular bird variable explained by the model.

2L1 = area, V2 = vegetation heterogeneity/shrub density, V1 = vege-
tation height/density.

large amounts of wetland habitat and small
amounts of deciduous forest habitat. Factor L3
represented a gradient from increased shrubby
old-field habitat to increased cropland. Fields
with high positive scores on L4 had large
amounts of forb-dominated fields and warm-sea-
son grasslands surrounding them; fields with
high positive scores on L5 were surrounded by
relatively large amounts of cool-season grass-
land and small amounts of old-field habitat (Ta-
ble 3).

Vegetation factor V1 appeared to represent a
gradient from tall, dense vegetation with a small
amount of standing dead vegetation (negative
factor scores on V1) to low, less dense vegeta-
tion (positive scores on V1; Table 4). Factor V2
represented a gradient from areas with less het-
erogeneous vegetation (negative scores on V2)
and fewer shrubs to areas with greater horizontal
heterogeneity, more shrubs, and less dense grass
(positive scores on V2). Fields with high posi-
tive scores on factor V3 had greater forb cover
and low grass and shrub cover. The vegetation
factors should be interpreted cautiously, how-
ever, as loadings on the original variables were
generally < 0.500 (Table 4).

Bird-habitat models generated by stepwise
multiple regression analysis suggested that most
variation in grassland bird abundance and spe-
cies richness was accounted for by the area var-
iables (Table 5). Species richness was most
strongly related to area (L.1; partial r? = 0.43),
with V2 (vegetation heterogeneity and shrub
density) explaining an additional 8% of the var-
iation (Table 5). Thus, larger areas with fewer
shrubs, and consequently lower horizontal het-
erogeneity, tended to have more grassland birds
species. A model incorporating area (L1) and
vegetation height and density (V1) explained

117

66% of the among-field variation in grassland
bird abundance (Table 5); larger fields with low-
er, less dense vegetation tended to have more
individuals than did smaller fields with taller,
dense vegetation. The variable related to field
area (L1) was also most important in accounting
for variation in abundance of Savannah Spar-
rows and Bobolinks; vegetation height and den-
sity (V1) explained only 5% of the variation in
Savannah Sparrow abundance (Table 5). No
model explained a significant amount of the var-
iation in Eastern Meadowlark abundance. When
variables L1 and V1 were forced into a stepwise
multiple regression, they accounted for only
3.9% of the variation in Eastern Meadowlark
abundance, even though the species was not
seen in fields smaller than 13 ha (Fig. 2). This
result may have been due to the small number
of fields with meadowlarks. Although the veg-
etation heterogeneity and shrub density factor
(V2) explained a significant amount of variation
only in species richness (Table 5), there was no
significant correlation between shrub density
and grassland bird species abundance (12 =
0.063, P = 0.109). In general, fields with the
most shrubs supported few grassland birds.

The distribution of bird species along gradi-
ents in habitat structure can also be illustrated
with a three-dimensional plot of correlation co-
efficients for the relationship between the abun-
dance of individual species and the L1, V1, and
V2 factors (Fig. 3). Grassland birds were most
abundant in large fields (high positive correla-
tions with L1 factor scores), shorter, less dense
vegetation (high positive correlations with V1
factor scores), and less shrub cover (negative
correlations with V2 factor scores). In contrast,
old-field species such as Song Sparrow, Com-
mon Yellowthroat (Geothlypis trichas), and Yel-
low Warbler (Dendroica petechia) were most
abundant in smaller fields with denser vegetation
and more shrubs (Fig. 3).

BREEDING BIOLOGY

Evidence of breeding (nests with eggs or
young, or fledged young) was noted for North-
ern Harriers, Savannah Sparrows, Bobolinks,
and Eastern Meadowlarks. In 1994, 1995, and
1996, we determined the outcome of 109 nests
of three grassland bird species at Iroquois NWR
(Table 6). The combined (1994-1996) propor-
tion of successful nests was 0.76 for Savannah
Sparrows, 0.54 for Bobolinks, and 0.67 for East-
em Meadowlarks (Table 6). The probability of
survival to fledging (Mayfield 1975) was higher
for Savannah Sparrows than for Bobolinks in
both 1994 (0.795 vs. 0.646, respectively) and
1995 (0.709 vs. 0.139, respectively). The low
survival probability for Bobolinks in 1995 was
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FIGURE 3. Plot of correlation coefficients for abun-

dance (mean number of individuals/census/point) of
individual species and L1, V1, and V2 factor scores
for fields in western New York, 1995. See text for
interpretation of axes. BOBO = Bobolink, COYE =
Common Yellowthroat, EAME = Eastern Meadow-
lark, FISP = Field Sparrow, RWBL = Red-winged
Blackbird (Agelaius phoeniceus), SAVS = Savannah
Sparrow, SOSP = Song Sparrow, SWSP = Swamp
Sparrow, YEWA = Yellow Warbler.

due to a high rate of nest loss early in the nes-
tling period (five of nine active nests were dep-
redated 1-5 d after hatching). There were no sig-
nificant differences between the proportion of
successful nests in pastures versus cool-season
grasslands for either Savannah Sparrows (x> =
0.781, df = 1, P = 0.377) or Bobolinks (x> =
0.626, df = 1, P = 0.429) for all nests found in
1994-1996 (Table 6). None of the 109 nests lo-
cated during the study were parasitized by
Brown-headed Cowbirds.

Combined data on grassland bird breeding
chronology- for the 3-yr period indicated that
most pairs initiated clutches during the second
half of May and fledged young in mid-June.
Bobolinks tended to initiate nesting somewhat
later than Eastern Meadowlarks or Savannah
Sparrows; median fledging dates for 1994-1996
were 10 June for Eastern Meadowlarks, 12 June
for Savannah Sparrows, and 20 June for Bobo-
links. Late fledging dates for known nests were
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30 June for Bobolinks, 2 July for Eastern Mead-
owlarks, and 6 July for Savannah Sparrows. A
pair of Northern Harriers nesting at Braddock
Bay WMA initiated a clutch on 21 May 1995;
fledging would have occurred at the end of July.

DISCUSSION

Our results suggest that the more widely dis-
tributed grassland species in western New York,
especially Savannah Sparrow and Bobolink,
have been sustaining breeding populations on
state and federally administered lands in the
study area. In 1994-1995, fields larger than 10
ha generally supported both species, with mean
abundances of three or more individuals per cen-
sus per point and relatively high rates of nest
success. The proportion of successful Savannah
Sparrow nests (0.76) was higher than has been
reported for this species in Maine (0.33; Vickery
et al. 1992), New Brunswick (0.40; Dixon
1978), or Michigan (0.52; Potter 1974). The pro-
portion of successful Bobolink nests at Iroquois
NWR (0.54) was within the range of values (<
0.38 to < 0.88) reported for sites in New York
(Gavin and Bollinger 1988) and Wisconsin
(Martin 1974). The proportion of successful
Eastern Meadowlark nests (0.67) was higher
than observed in three other studies (Lanyon
1957, Roseberry and Klimstra 1970, Granfors et
al. 1996), although the sample size (N = 12) was
too small to confidently evaluate nest success.

MANAGEMENT [IMPLICATIONS

Our results emphasize the importance of hab-
itat area for grassland bird species richness and
abundance. This relationship has been observed
elsewhere in the Northeast (Bollinger and Gavin
1992, Smith and Smith 1992, Vickery et al.
1994), and it suggests that managers should con-
sider practices that will increase grassland area,
such as hedgerow removal and consolidation of
adjacent fields, as means of increasing grassland
bird populations.

Increasing the size of fields in our study area
may not attract species of management concern
such as Grasshopper and Henslow’s sparrows,
however. Because fields of up to 98 ha already
occur at Iroquois NWR, and because both Grass-

TABLE 6. PROPORTION OF SUCCESSFUL NESTS (AND SAMPLE SIZES) BY YEAR AND HABITAT TYPE FOR GRASSLAND
SPECIES AT IROQUOIS NWR IN WESTERN NEW YORK, 1994-1996

Proportion of successful nests

Cool-season

Species 1994 1995 1996 Combined Pasture grassland
Savannah Sparrow 0.81 (26) 0.72 (25) 0.71 (7) 0.76 (58) 0.77 (47) 0.64 (11)
Bobolink 0.63 (24) 0.40 (10) 0.40 (5) 0.54 (39) 0.47 (19) 0.60 (20)
Eastern Meadowlark 0.67 (3) 0.50 (2) 0.71 (7) 0.67 (12) 0.57 (7) 1.00 (2)
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hopper and Henslow’s sparrows have bred at Ir-
oquois NWR in the past, their absence cannot
be attributed to area effects alone. These species
are found in fields as small as 11 and 30 ha,
respectively, in the Finger Lakes National Forest
in central New York (Smith and Smith 1990,
1992), and Grasshopper Sparrows have nested
and fledged young in fields as small as 4 ha at
Mendon Ponds County Park, near Rochester,
New York (C. Norment, pers. obs.). The absence
of these two species from our study area is more
likely due to a combination of their specific hab-
itat requirements (Wiens 1969, Smith and Smith
1990, Delaney and Linda 1994, Herkert 1995b)
and their sporadic occurrence in the region. Giv-
en the absence of these species from Iroquois
and Montezuma NWRs, attempting to manage
primarily for species of concern at these refuges
does not appear to be a reasonable objective.
Habitat requirements and management options
for these species should still be considered when
developing management plans, however (Swan-
son 1996, Jones and Vickery 1997). Addition-
ally, more effort should be devoted to analyzing
the habitat preferences and management needs
of the Eastern Meadowlark, which is declining
across much of its range in the Northeast (Rob-
bins et al. 1986, Bollinger and Gavin 1992). Al-
though once described as “one of the common-
est birds of the fields of western New York™
(Beardslee and Mitchell 1965), this species is
relatively uncommon in the study area.

Few vegetation variables significantly in-
creased the explanatory power of the bird-hab-
itat models. Shrub density, however, did appear
to have a negative effect on both grassland bird
species richness and abundance. Vegetation fac-
tor V2, which appeared to be related to shrub
density, explained a significant amount of vari-
ation in species richness, and fields with large
numbers of shrubs supported few grassland birds
(Fig. 3). Also, the three-dimensional plot of the
correlations between bird species abundances
and L1 (area), V1 (vegetation height and den-
sity), and V2 (horizontal heterogeneity and
shrub density) factor scores (Fig. 3) suggests
that grassland birds are more abundant in fields
with fewer shrubs and shorter, open vegetation.
These observations indicate that increasing the
frequency of disturbance by mowing may in-
crease the abundance and richness of grassland
birds in the study area.

Several fields on state and federal land in our
study area have been planted in dense switch-
grass monocultures to provide nesting cover for
waterfowl (Iroquois NWR 1990). Our results in-
dicate that switchgrass does not provide favor-
able habitat for most grassland birds; even the
largest warm-season grassland (44 ha) had few
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Bobolinks or Savannah Sparrows, and individ-
uals of both species were confined to portions
of the field with lower, less dense cover. In other
regions, switchgrass also appears to support low
numbers of grassland birds, especially of species
that require open habitats (Volkert 1992; Pres-
cott and Murphy 1995; R. C. Gatti, unpubl.
data). Thus, although switchgrass fields may be
more productive for nesting waterfowl than are
cool-season grasslands in our study area (Estel
1989), they are not suitable for most grassland
birds. The decision as to whether or not to plant
and maintain fields with switchgrass monocul-
tures should be based on the overall manage-
ment goals for the area.

The relatively high abundance of grassland
birds in pastures (Fig. 1) and the increased abun-
dance of grassland birds observed in pastures in
1995 versus 1994, as opposed to the trend in
cool-season grasslands (Table 3), suggest that
grazing as practiced at Iroquois NWR is not det-
rimental to grassland birds in the area. The com-
bination of low- to moderate-intensity grazing
and mowing may be beneficial to grassland birds
at Iroquois NWR because these practices retard
succession and shrub establishment. Currently,
cattle are allowed onto pastures at Iroquois
NWR in mid-July and remain there until the end
of October. Stocking rates range from 0.60 to
0.83 cattle per ha, which is similar to stocking
rates at Finger Lakes National Forest in central
New York, where species such as Grasshopper
and Henslow’s sparrows are relatively common
(Smith and Smith 1990, 1992). Pastures at Iro-
quois NWR are also mowed, usually in August
or September (S. Lor, pers. comm.). The absence
at Iroquois NWR of cattle and other forms of
disturbance, such as mowing, until at least mid-
July means that grassland birds are able to raise
at least one brood undisturbed. This observation
supports the point that all forms of disturbance
should be prohibited on pastures and other
grasslands at least until birds have fledged their
first broods (Andrle and Carroll 1988, Bollinger
and Gavin 1992). For most species in the study
area, an appropriate date for this would be 15
July, although switchgrass fields where Northern
Harriers nest should not be mowed until early
August (Beardslee and Mitchell 1965, Andrle
and Carroll 1988).

Finally, management agencies should attempt
to standardize field treatments such as mowing,
herbicide application, and seeding. The current
landscape on state and federally managed lands
in our study area is a complex mosaic of decid-
uous forests, wetlands, and open fields in vari-
ous stages of succession. Successional patterns
have been influenced by a variety of treatments,
with apparently little consideration given to rep-
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lication and standardization of methods. Thus,
understanding how succession and treatment ef-
fects influence grassland bird species richness
and abundance in the study area has been com-
plicated by the large number of treatment vari-
ables. For example, mowing has occurred with
and without herbicide application, with and
without disking, and with and without planting
a variety of native or introduced cool-season
grasses, thus making it difficult to separate the
effects of the treatment variables. Successfully
managing for grassland birds, or for any other
wildlife, requires a clear understanding both of
objectives and of how particular methods influ-
ence succession, habitats, and species.

ACKNOWLEDGMENTS

Funding for this project was provided by the U.S.
Fish and Wildlife Service, New York State Department
of Environmental Conservation, and Office of the Vice
President for Academic Affairs and Scholarly Incen-
tive Award Program of the State University of New
York College at Brockport. D. Robinson, Jr, J. Ro-
maneo, and B. Sheppard assisted with fieldwork. D.
Tiller, S. Lor, and P. Caldwell of the U.S. Fish and
Wildlife Service assisted with the project, as did D.
Carroll and D. O’Dell of the New York State Depart-
ment of Environmental Conservation. P. D. Vickery
and two anonymous reviewers greatly improved the
manuscript.

LITERATURE CITED

ANDRLE, R. E, AND J. R. CARROLL. 1988. The atlas of
breeding birds in New York state. Cornell University
Press, Ithaca, NY.

ASKINS, R. A. 1993, Population trends in grassland,
shrubland, and forest birds in eastern North Ameri-
ca. Current Ornithology 11:1-34.

BEARDSLEE, C. S., AND H. D. MITCHELL. 1965. Birds
of the Niagara frontier region. Bulletin of the Buf-
falo Society of Natural History 22:1-478.

BOLLINGER, E. K., aND T. A. GavIN. 1992. Eastern
Bobolink populations: ecology and conservation in
an agricultural landscape. Pp. 497-506 in J. M. Ha-
gan III and D. W. Johnston (editors). Ecology and
conservation of neotropical migrant landbirds.
Smithsonian Institution Press, Washington, D.C.

DELANEY, M. E, AND S. B. LINDA. 1994. Characteristics
of occupied and abandoned Florida Grasshopper
Sparrow territories. Florida Field Naturalist 22:106—
109.

Drxon, C. L. 1978. Breeding biology of the Savannah
Sparrow on Kent Island. Auk 95:235--246.

EsTEL, B. L. 1989. Habitat use and nesting success of
dabbling ducks in western New York grasslands.
Master’s thesis. Cornell University, Ithaca, NY.

GaviN, T. A., aND E. K. BOLLINGER. 1988. Reproduc-
tive correlates of breeding site fidelity in Bobolinks
(Dolichonyx oryzivorus). Ecology 69:96—-103.

GRANFORS, D. A., K. E. CHURCH, AND L. M. SMITH.
1996. Eastern Meadowlarks nesting in rangelands
and Conservation Reserve Program fields in Kansas.
Journal of Field Ornithology 67:222-235.

STUDIES IN AVIAN BIOLOGY

NO. 19

HEeRkERT, J. R. 1995a. An analysis of midwestern
breeding bird population trends: 1966-1993. Amer-
ican Midland Naturalist 134:41-50.

HERKERT, J. R. 1995b. Status and habitat selection of
the Henslow’s Sparrow in Illinois. Wilson Bulletin
106:35-45.

IrROQUOIS NATIONAL WILDLIFE REFUGE. 1990. Grassland
management plan. U.S. Fish and Wildlife Service,
Alabama, NY.

IroQuOIs NATIONAL WILDLIFE REFUGE. 1993. Station
management plan. U.S. Fish and Wildlife Service,
Newton Corner, MA.

JaMmEs, E C., D. A. WIEDENFIELD, aND C. E. Mc-
CuLLocH. 1992. Trends in breeding populations of
warblers: declines in the southern highlands and in-
creases in the lowlands. Pp. 43-56 in J. M. Hagan
IIT and D. W. Johnston (editors). Ecology and con-
servation of neotropical migrant landbirds. Smith-
sonian Institution Press, Washington, D.C.

JonES, A. L., aND P. D. VICKERY. 1997. Conserving
grassland birds: managing large grasslands including
conservation lands, airports, and landfills over 75
acres for grassland birds. Massachusetts Audubon
Society, Lincoln, MA.

KnopF, E L. 1994. Avian assemblages on altered grass-
lands. Studies in Avian Biology 15:247-257.

LanyoN, W. E. 1957. The comparative biology of the
meadowlark (Sturnella) in Wisconsin. Nuttall Orni-
thological Club Publication 1. Cambridge, MA.

MarTIN, S. G. 1974. Adaptations for polygynous
breeding in the Bobolink, Dolichonyx oryzivorus.
American Zoologist 14:109-119.

MAYFIELD, H. E 1975. Suggestions for calculating nest
success. Wilson Bulletin 87:456-466.

MENGEL, R. M. 1970. The North American central
plains as an isolating agent in bird speciation. Pp.
280-340 in W. Dort and J. K. Jones (editors). Pleis-
tocene and recent environments of the central Great
Plains. University of Kansas Press, Lawrence, KS.

PEARSON, S. M. 1993. The spatial extent and relative
influence of landscape-level factors on wintering
bird populations. Journal of Landscape Ecology 8:
3-18.

PETERJOHN, B. G., AND J. R. SAUER. 1994. Population
trends of woodland birds from the North American
Breeding Bird Survey. Wildlife Society Bulletin 22:
155-164.

PETERIOHN, B. G., AND J. R. SAUER. 1999. Population
status of North American grassland birds from the
North American Breeding Bird Survey, 1966-1996.
Studies in Avian Biology 19:27-44.,

POTTER, P. E. 1974. Breeding behavior of Savannah
Sparrows in southeastern Michigan. Jack-Pine War-
bler 52:50-63.

PrescotT, D. R. C., AND A. J. MURPHY. 1995. Bird
populations and vegetation structure of tame dense
nesting cover (DNC) in Alberta’s aspen parkland.
Alberta North American Waterfowl Management
Plan Centre, Edmonton, AB.

RosBins, C. S., D. BYSTRAK, AND P. H. GEIGGLER.
1986. The Breeding Bird Survey: its first fifteen
years, 1965-1979. U.S. Fish and Wildlife Service
Resource Publication 157.



GRASSLAND BIRDS IN NEW YORK—Norment et al.

ROSEBERRY, J. L., aND W. D. KLIMSTRA. 1970. The
nesting ecology and reproductive performance of the
Eastern Meadowlark. Wilson Bulletin 82:243-267.

SCHNEIDER, K. J., AND D. M. PENCE. 1992. Migratory
nongame birds of management concern in the north-
east. U.S. Fish and Wildlife Service, Newton Corner,
MA.

SMmitH, C. R., aAND D. J. SMITH. 1990. Summer bird
species diversity and use of pastures by summer
birds of the Finger Lake National Forest. Final re-
port. Laboratory of Ornithology, Cornell University,
Ithaca, NY.

SmitH, D. J., anD C. R. SMITH. 1992. Henslow’s Spar-
row and Grasshopper Sparrow: a comparison of hab-
itat use in Finger Lakes National Forest, New York.
Bird Observer 20:187-194.

SwaNSON, D. A. 1996. Nesting ecology and nesting
habitat requirements of Ohio’s grassland-nesting
birds: a literature review. Ohio Fish and Wildlife Re-

121

port 13. Ohio Department of Natural Resources, Co-
lumbus, OH.

VICKERY, P. D., M. L. HUNTER, JR., AND S. M. MELVIN.
1994. Effects of habitat area on the distribution of
grassland birds in Maine. Conservation Biology 8:
1087-1097.

VICKERY, P. D., M. L. HUNTER, JR., AND J. V. WELLS.
1992. Evidence of incidental nest predation and its
effects on nests of threatened birds. Oikos 63:281—
288.

VOLKERT, W. K. 1992. Response of grassland birds to
a large-scale prairie planting project. Passenger Pi-
geon 54:191-196.

WIENS, J. A. 1969. An approach to the study of eco-
logical relationships among grassland birds. Orni-
thological Monographs 8.

WIENS, J. A., aND J. T. ROTENBERRY. 1981. Habitat
associations and community structure of birds in
shrubsteppe environments. Ecological Monographs
51:21-41.

APPENDIX. DESCRIPTION OF HABITAT TYPES OF FIELDS CENSUSED FOR GRASSLAND BIRDS IN WESTERN NEW YORK,

1994-1995

Habitat type

Description

Warm-season grassland

Grassland dominated by switchgrass (Panicum virgatum), which produces most

or all of its growth in late spring or summer.

Cool-season grassland

Ungrazed grassland dominated by plants that produce the major portion of their

growth in spring. Common grasses include timothy (Phleum pratense),
brome-grass (Bromus inermis), orchard grass (Dactylis glomerata), and red-
top (Agrostis gigantea). Common forbs include alfalfa (Medicago sativa),
clover (Trifolium spp.), and birds-foot trefoil (Lotus corniculatus).

Pasture
grasslands.
Fallow farm field

Grazed grassland; common species are similar to those found in cool-season

Agricultural land no longer being cultivated; dominated by early-successional

grasses and forbs. Vegetation may be similar to that in cool-season grass-
lands, forb-dominated fields, or old fields with shrubs.

Forb-dominated field

May contain species found in cool-season grasslands, but forbs such as golden-

rod (Solidago spp.), wild carrot (Daucus carota), and milkweed (Asclepias
spp.) are common. Shrubs may also be present (cover < 5%).

Old field with shrubs

Formerly open habitat with a mix of grasses, forbs, and shrubs (cover > 5%).

Common species include bramble (Rubus spp.), willow (Salix spp.), red osier
dogwood (Cornus stolonifera), choke cherry (Prunus virginiana), Russian ol-
ive (Elaeagnus angustifolia), narrowleaf meadowsweet (Spirea alba), and ar-
rowwood (Viburnum spp.).




LIST OF AUTHORS

CHARLES D. ARDIZZONE

Department of Biological Sciences

State University of New York College at Brockport
Brockport, NY 14420

(present address: 1011 East Tudor Road
Anchorage, AK 99503)

ROBERT A. ASKINS
Department of Zoology
Connecticut College
New London, CT 06320

GIANFRANCO D. BASILI

Department of Wildlife Ecology
University of Wisconsin

Madison, WI 53706

(present address: Florida Audubon Society
1331 Palmetto Avenue

Winter Park, FL 32789)

BARRY C. BENNETT

Department of Environmental, Population, and
Organismic Biology

University of Colorado

Boulder, CO 80309-0334

Louis B. BEsT

Department of Animal Ecology
lowa State University

Ames, IA 50011

CaArL E. Bock

Department of Environmental, Population, and
Organismic Biology

University of Colorado

Boulder, CO 80309-0334

JANE H. Bock

Department of Environmental, Population, and
Organismic Biology

University of Colorado

Boulder, CO 80309-0334

RAaNDALL B. BOONE

Department of Wildlife Ecology
Nutting Hall

University of Maine

Orono, ME 04469

ROBERTO B. CAVALCANTI
Departamento de Zoologia
Universidade de Brasilia
70910-900 Brasilia, D.E, Brazil

GERARDO CEBALLOS

Instituto de Ecologia

Universidad Nacional Auténoma de México, C.U.
Apartado Postal 70-275

México, D.E, C.P. 04510

Mexico

STEPHEN K. DAVIS

Saskatchewan Wetland Conservation Corporation
202-2050 Cornwall Street

Regina, SK S4P 2K5

Canada

MARTHA J. DESMOND

Department of Forestry, Fisheries and Wildlife

University of Nebraska

Lincoln, NE 68583-0819

(present address: Caesar Kleberg Wildlife Research
Institute

Texas A&M University

Kingsville, TX 78363)

Davip C. DUNCAN

Saskatchewan Wetland Conservation Corporation
202-2050 Cornwall Street

Regina, SK S4P 2K5

Canada

WILLIAM R. Evans

Cornell Laboratory of Ornithology
159 Sapsucker Woods Road
Ithaca, NY 14850

(present address: PO. Box 46
Mecklenberg, NY 14863)

Brick M. FEVOLD

Department of Wildlife Ecology
University of Wisconsin
Madison, W1 53706

FABIAN MARCELO GABELLI

Laboratorio de Biologia del Comportamiento
Instituto de Biologia y Medicina Experimental
Obligado 2490

1428 Buenos Aires, Argentina and

Facultad de Psicologia

Universidad de Buenos Aires

Buenos Aires, Argentina

WiLLiaM D. GLass

Illinois Department of Natural Resources
Division of Natural Heritage

P. O. Box 88

Wilmington, 1L 60481

ANDREW J. HANSEN

Fish & Wildlife Management Program
Biology Department

Montana State University

Bozeman, MT 59717

KATHLEEN HARTMAN

Department of Biological Sciences

State University of New York College at Brockport
Brockport, NY 14420

JAMES R. HERKERT

Illinois Endangered Species Protection Board
524 South Second Street

Springfield, IL 62701

C. STUuART HOUSTON
853 University Drive
Saskatoon, SK S7N 0J8
Canada

MaLcoLMm L. HuNTER, JR.
Department of Wildlife Ecology
Nutting Hall

University of Maine

Orono, ME 04469



LAWRENCE D. IGL

Northern Prairie Wildlife Research Center

U.S. Geological Survey, Biological Resources
Division

8711 37th Street SE

Jamestown, ND 58401

M. ALAN JENKINS

George M. Sutton Avian Research Center
PO. Box 2007

Bartlesville, OK 74005-2007

DoucrLas H. JOHNSON

Northern Prairie Wildlife Research Center

U.S. Geological Survey, Biological Resources
Division

8711 37th Street SE

Jamestown, ND 58401

MaLcoLMm T. JONES

Department of Wildlife Ecology
Nutting Hall

University of Maine

Orono, ME 04469

STEVEN T. KNICK

USGS Forest and Rangeland Ecosystem Science
Center

Snake River Field Station

970 Lusk Street

Boise, ID 83706

Fritz L. KNOPF

U.S. Geological Survey, Biological Resources
Division

4512 McMurry Avenue

Fort Collins, CO 80525-3400

RoLF R. KOFORD

Northern Prairie Wildlife Research Center

U.S. Geological Survey, Biological Resources
Division

8711 37th Street SE

Jamestown, ND 58401

(present address: lowa Cooperative Fish and Wildlife
Research Unit

Science Hall II

Iowa State University

Ames, IA 50011)

T. BRUCE LAUBER

Department of Wildlife Ecology

Nutting Hall

University of Maine

Orono, ME 04469

(present address: Department of Natural Resources
Fernow Hall

Cornell University

Ithaca, NY 14853)

RURIK LisT

Department of Zoology, Oxford University
South Parks Road

Oxford 0X1 3PS

United Kingdom

ELIZABETH M. MADDEN

Fish & Wildlife Management Program

Biology Department

Montana State University

Bozeman, MT 59717

(present address: J. Clark Salyer National Wildlife
Refuge

PO. Box 66

Upham, ND 58789)

PATRICIA MANZANO-FISCHER

Department of Zoology, Oxford University
South Parks Road

Oxford 0X1 3PS

United Kingdom

(present address: Apartado Postal 32-F
Toluca, México 50190

Mexico)

KATHY MARTIN

Centre for Applied Conservation Biology
Department of Forest Sciences
#270-2357 Main Mall

University of British Columbia
Vancouver, BC V6T 174

Canada

(present address: Canadian Wildlife Service
5421 Robertson Road, R.R. 1

Delta, BC V4K 3N2

Canada)

Davip K. MELLINGER

Cornell Laboratory of Ornithology

159 Sapsucker Woods Road

Ithaca, NY 14850

(present address: Monterey Bay Aquarium Research
Institute

7700 Sandholdt Road

Moss Landing, CA 95039-0628)

ANDREW J. MURPHY

North American Waterfowl Management Plan
c/o Ducks Unlimited Canada

#8, 5580-45th Street

Red Deer, AB T4N 1L1

Canada

KARI J. NELSON

Centre for Applied Conservation Biology
Department of Forest Sciences
#270-2357 Main Mall

University of British Columbia
Vancouver, BC V6T 1Z4

Canada

(present address: 1895 Sea Lion Crs.
Nanoose Bay, BC V9P 9J3

Canada)

CHRISTOPHER J. NORMENT

Department of Biological Sciences

State University of New York College at Brockport
Brockport, NY 14420

RaymonD J. O’CONNOR
Department of Wildlife Ecology
Nutting Hall

University of Maine

Orono, ME 04469



LAURA K. PAINE
Department of Agronomy
University of Wisconsin
Madison, WI 53706

DusTIN W. PERKINS

Department of Forestry and Wildlife Conservation
Holdsworth Natural Resource Center

University of Massachusetts

Amberst, MA 01003

BRUCE G. PETERJOHN

U.S. Geological Survey, Biological Resources
Division

Patuxent Wildlife Research Center

12100 Beech Forest Road

Laurel, MD 20708

KENNETH L. PETERSEN

Department of Environmental Studies
Dordt College

Sioux Center, IA 51250

A. TOWNSEND PETERSON
Natural History Museum
University of Kansas
Lawrence, KS 66045

Davip R. C. PRESCOTT

Land Stewardship Centre of Canada

13 Mission Avenue

St. Albert, AB T8N 1H6

Canada

(present address: Alberta Conservation Association
P.O. Box 40027, Baker Centre Postal Outlet
Edmonton, AB T5J 4M9

Canada)

DaN L. REINKING

George M. Sutton Avian Research Center
P.O. Box 2007

Bartlesville, OK 74005-2007

MARK B. ROBBINS
Natural History Museum
University of Kansas
Lawrence, KS 66045

RoNALD W. ROHRBAUGH, JR.

George M. Sutton Avian Research Center

P.O. Box 2007

Bartlesville, OK 74005-2007

(present address: Cornell Laboratory of Ornithology
159 Sapsucker Woods Road

Ithaca, NY 14850)

KENNETH V. ROSENBERG

Cornell Laboratory of Ornithology
159 Sapsucker Woods Road
Ithaca, NY 14850

JAY J. ROTELLA

Fish & Wildlife Management Program
Biology Department

Montana State University

Bozeman, MT 59717

JoHN T. ROTENBERRY

Natural Reserve System and Department of Biology
University of California

Riverside, CA 92521

JEFFERY R. RUPERT

U.S. Geological Survey, Biological Resources
Division

4512 McMurry Avenue

Fort Collins, CO 80525-3400

DaviD W. SAMPLE

Bureau of Research

Wisconsin Department of Natural Resources
Monona, W1 53716

JOHN R. SAUER

U.S. Geological Survey, Biological Resources
Division

Patuxent Wildlife Research Center

12100 Beech Forest Road

Laurel, MD 20708

JULIE A. SAVIDGE

Department of Forestry, Fisheries and Wildlife
University of Nebraska

Lincoln, NE 68583-0819

Joser K. ScHMUTZ
Department of Biology
University of Saskatchewan
112 Science Place
Saskatoon, SK S7N 5E2
Canada

STEVE K. SHERROD

George M. Sutton Avian Research Center
P.O. Box 2007

Bartlesville, OK 74005-2007

W. GREGORY SHRIVER

Department of Forestry and Wildlife Conservation

Holdsworth Natural Resource Center

University of Massachusetts

Amberst, MA 01003

(present address: College of Environmental Science
and Forestry

State University of New York

1 Forestry Drive

Syracuse, NY 13210)

JoSE MARIA CARDOSO DA SILVA
Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas
Departamento de Zoologia

Av. Prof. Morais Rego, 1235
50670-420 Recife, PE

Brazil

STANLEY A. TEMPLE
Department of Wildlife Ecology
University of Wisconsin
Madison, WI 53706

PaBLO Luis TUBARO

Laboratorio de Biologia del Comportamiento
Instituto de Biologia y Medicina Experimental
Obligado 2490

1428 Buenos Aires

Argentina

DANIEL J. UNDERSANDER
Department of Agronomy
University of Wisconsin
Madison, WI 53706



PETER D. VICKERY

Department of Wildlife Ecology

Nutting Hall

University of Maine

Orono, ME 04469

(present address: Center for Biological Conservation
Massachusetts Audubon Society

Lincoln, MA 01773 and

Department of Forestry and Wildlife Conservation
University of Massachusetts

Ambherst, MA 01003)

JEFFREY V, WELLS

Cornell Laboratory of Ornithology

159 Sapsucker Woods Road

Ithaca, NY 14850

(present address: National Audubon Society
Cornell Laboratory of Ornithology

159 Sapsucker Woods Road

Ithaca, NY 14850)

MAIKEN WINTER

Department of Behavioral Physiology
University-Tiibingen

72072 Tiibingen

Germany

(present address: 611 Winston Court, Apt. #4
Ithaca, NY 14850-1953)

DonNaLp H. WOLFE

George M. Sutton Avian Research Center
P.O. Box 2007

Bartlesville, OK 74005-2007



	List of Authors



