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ABSTRACT

HABITAT USE, NEST SUCCESSAND MANAGEMENT RECOMMENDATIONSFOR
GRASSLAND BIRDSOF THE CANAAN VALLEY NATIONAL WILDLIFE REFUGE,
WEST VIRGINIA

KELLY A. WARREN

Grasdand bird populations have been declining due to increased habitat fragmentation,
urbanization, and conversion of farmlands to other uses throughout the United States. However,
idle hayfields and pastures in the eastern United States may provide adequate nesting habitat for
grassand species digplaced from their native habitat. The objectives of this sudy wereto: 1)
compare grasdand bird abundance, diversity, and richness of species between 3 idle hayfidds and
3 pastures and between mowed and unmowed treatments, and 2) compare grasdand bird nest
success between hayfieds and pastures, and between mowed and unmowed trestments on the
Canaan Vdley Nationd Wildlife Refuge, West Virginia during the summers of 1999-2000. A

total of 27 species was found on the refuge. The predominant grassand species were bobolinks
(Dolichonyz oryzivorus), savannah sparrows (Passer culus sandwichensis), and eastern
meadowlarks (Sturnella magna). Overal bird abundance differed between mowed (" x = 0.61; SE
=0.09) and unmowed (" x = 0.32; SE = 0.06) treatmentsin pastures (P = 0.033). Grasdand bird
diversity differed between mowed plots of hayfidds (" x = 0.85; SE = 0.21) and pastures (" X =
1.57; SE = 0.26) (P =0.026). Mayfidd nest surviva did not differ between nests found in
hayfields and pastures, and mowed and unmowed treatments. While nest success did not differ
between mowed and unmowed trestments, mowing these fields at the conclusion of the breeding
season will provide long term advantages to grasdand birds nesting on the refuge. Additionaly,
grasdand birds gppeared to be responding to the vegetative structure and vertica diveraty within
fields rather than field Sze. Management should focus on removal of interna edges (i.e., remnant
fencdlines, hedgerows, and wind bresaks) found throughout the grasdands on the refuge.
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CHAPTER |

GRASSLAND BIRD ABUNDANCE AND DIVERSITY IN RELATION TO
VEGETATIVE CHARACTERISTICSON THE CANAAN VALLEY NATIONAL

WILDLIFE REFUGE, WEST VIRGINIA

Abstract: Due to increased habitat fragmentation, urbanization, and conversion of
farmlands to other uses, grasdand birds have declined throughout the United States.
Severa species of grasdand birds that were historically common and abundant in the
northeastern United States aso show thistrend. The objective of this sudy wasto
compare grasdand bird abundance, diversity, and richness of species between 3idle
hayfields and 3 idle pastures, and 5 mowed and 6 unmowed grasdands.  This study was
conducted in the Canaan Vdley Nationd Wildlife Refuge, West Virginiaon 295 ha of
grasdand habitat. During the summers of 1999 and 2000, | used strip transects to
compare breeding grasdand bird diversity and abundance between idle hayfidldsand idle
pastures. At the conclusion of the 1999 field season, around 50% of each field was
mowed to manipulate the vegetation. The predominant grasdand species were bobolinks
(Dalichonyz oryzivor us), savannah sparrows (Passer culus sandwichensis), and eastern
meadowlarks (Surnella magna). Overdl bird abundance differed between mowed (" x =
0.61; SE = 0.09) and unmowed (" x = 0.32; SE = 0.06) treatmentsin pastures (P = 0.033).
Grasdand hird diversity differed between mowed plots of hayfidds (" x = 0.85; SE =

0.21) and pastures (" x = 1.57; SE = 0.26) (P = 0.026). Litter depth and standing dead

vegetation were higher in mowed than unmowed trestments (P < 0.023). Maximum

Thisthessisin the syle of the Journal of Wildlife Management
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height and litter depth differed between hayfidds and pastures (P < 0.021). Differences
in vegetative structure characteristics appear to have an effect on territory selection for
savannah sparrows and eastern meadowlarks. Vegetation manipulation including
mowing, grazing, and/or prescribed burning is essentia to maintain grasdand ecosystems
for grasdand bird populationsin West Virginia

JOURNAL OF WILDLIFE MANAGEMENT 00(0):000-000
Key words: bobolink, eastern meadowlark, farmland, grasdand bird abundance,

hayfields, mowing, pastures, species diversity, savannah sparrow.

Grasdand bird populations of North America have experienced steeper, more
congstent declines than any other bird populations (Kantrud and Higgins 1992, Knopf
1994, Jones and Vickery 1997). Declinesin grasdand birds and their habitats indicate
that greater conservation attention for grasdand habitats and their associated breeding
bird populations are required (Herkert et d. 1996). In North America, populations of at
least 13 species of grasdand birds declined significantly between 1966 and 1996
(Peterjohn and Sauer 1999, Vickery et d. 1999). Native grassand habitat has been
severdly dtered by agricultura practices, and many grasdands are among the continent’s
most endangered ecosystems (Vickery et d. 1999). It isestimated that habitat 1oss has
exceeded 80% in most areas, and where land iswell suited for crops, less than 0.1% of
native prairie remains (Vickery et . 1999). However, in the midwest and northeast
United States, agriculturad lands have provided adequate breeding habitat for many

species, particularly bobolinks and eastern meadowlarks (Vickery et a. 1999).



In the northeast, grasdand and shrubland birds have been identified as habitat-
community groups showing the most widespread and persstent declinesin abundance
(Wells and Rosenberg 1999). Higtoricdly, little attention has been focused on grasdand
bird recovery programs in the northeast because of the idea that most grassdand species
are not native to the region, but instead invaded the area from western prairies after
forests were cleared for agriculture (Askins 1997, Wells and Rosenberg 1999). However,
there is evidence prior to European settlement that open grasdand and shrubland habitats
such as meadows and croplands composed a significant proportion of the pre- European
arriva landscape (Askins 1997, Wedls and Rosenberg 1999). Native Americans created
grasdands by clearing land for firewood harvesting and planting of maize fidds, and
burning to enhance hunting areas (Askins 1997). Although grasdand speciesin the
eagtern United States were noted by only the earliest ornithologists, historical range
expanson of these species has been well documented. These widespread and abundant
speciesinclude: upland sandpipers (Bartramia longicauda), grasshopper sparrows
(Ammodramus savannarum), bobolinks, eastern meadowlarks, and others (Askins 1997).
All scientific and common names of birds follow the nomenclature of the American
Ornithologists Union (1998). In the northeast, a shift in agricultura technology,
farmland abandonment and movement to the west, more frequent haycropping rotations,
loss of habitat, and an increase in human population have been cited as reasons for recent
grasdand bird declines (Bollinger et a. 1990, Herkert et a. 1996, Jones and Vickery
1997, Norment et a. 1999).

The North American Breeding Bird Survey (BBS) indicates that grasdand birds

showed the most congstent rate of decline of any group of birds monitored (Sauer et d.



2000). Fewer than 30% of these grasdand species showed an increasing population
(Sauer et d. 2000). In the northeast, horned larks (Eremophila alpestris), savannah
gparrows, grasshopper sparrows, Hendow’ s sparrows (Ammodramus henslowii), vesper
sparrows (Pooecetes gramineus), bobolinks, and eastern meadowlarks showed a
sgnificant negative trend based on BBS data (Sauer et d. 2000, Wdlls and Rosenberg
1999). Most grasdand bird populations in the northeast, and specificaly in West
Virginia, are declining according to BBS data from 1966-1998 (Table 1). Many species
of grasdand birds are area senditive and are vulnerable to loss of grasdand habitat
(Norment et al. 1999). In the northeast, grassland habitat has declined by about 60%
since the 1930s (Vickery et al. 1994, Norment et a. 1999).

In West Virginia, grasdand bird studies have previoudy focused on populations
present at reclaimed mine sites (Whitmore and Hall 1978). Grasdand bird species (eg.,
northern harriers [Circus cyaneus], short-eared owls [Asio flammeus], and Hendow’s
sparrows) presently occupy and breed on reclaimed surface coa mines dominated by
grass in western Pennsylvania, West Virginia, Ohio, and Indiana (Vickery et d. 1999).
These areas gppear to be providing important refugia for these species (Vickery et d.
1999). Padtures, reclaimed mines, and logging operations have provided an opportunity
for displaced midwestern grasdand bird species to expand their ranges (Whitmore and
Hall 1978). Grasdand species of the reclaimed mine community included vesper
sparrows, savannah sparrows, horned larks, red-winged blackbirds (Agelaius
phoeniceus), and eastern meadowlarks (Wray et a. 1978). Recently little research has
been conducted on grasdand bird successin West Virginia, particularly on farmlands.

While limited information does exis for redamed mine sites and current studies are



being conducted on those sites, the extent of grasdand bird use of idle and active
farmlands has not been sudied in the date of West Virginiaathough grasdand bird
presence of these habitat types has been documented (Buckelew and Hall 1994). Because
reclamed mine sites and farmlands are the most abundant areas available to grasdand
birdsin West Virginiait isimportant to understand how to manage these Stes to promote
grasdand bird success.

Additionaly, idle farmlands may provide adequate habitat for grasdand birdsin
the east (Bollinger et d. 1990), specificdly in the Appalachian region. Idle hayfields and
pastures are increasing in the east due to changesin farming practices and the purchase of
farmlands for other uses. These new and changing habitats present excellent
opportunities to enhance the quality of habitat for declining grasdand birds (Farris and
Cole 1981). Grasdand species previoudy found in pastures and hayfields of West
Virginiainclude bobolinks, grasshopper sparrows, fied sparrows (Spizella pusilia), and
chipping sparrows (Spizella passerina) (Wray et d. 1978). If hayfidds and pastures are
not maintained, habitat for grassand species will be depleted and may eventualy
disappear in West Virginia

Mowing fields can ad in providing quality habitat by controlling woody
vegetation, lowering vegetaive height, and reducing litter build-up (Sample and Hoffman
1989). Thiswill set back succession and provide nesting habitat for grasdand nesting
birds. However, the frequency and timing of mowing can directly lead to grasdand bird
population declines. Most hayfields are mowed too early for successful reproduction and
fields are planted with a single species lowering habitat diversty (Jonesand Vickery

1997). Mowing early in the season disrupts nesting and will ultimately lead to nest



falure. Unfortunately, late season mowing often decreases the vaue of hay to farmers.
In the eastern United States, agriculturd practicesinitidly led to the range expansions of
grasdand bird species, however, hay-cropping may ultimately be reducing population
dengties and abundance (Bollinger et a. 1990, Frawley and Best 1991, Jones and
Vickery 1997). However, mowing can be used as an important management tool for
grasdand bird populationsif conducted while species are not on their breeding grounds
or at the conclusion of their nesting season.

In West Virginia, the Canaan Vdley Nationd Wildlife Refuge (CVNWR),
located in Tucker County, may provide an important agricultura landscape for loca
obligative and facultative grasdand bird population maintenance (Vickery et a. 1999).
The objectives of my study wereto: 1) compare breeding bird abundance, diversity, and
richness of species between idle hayfields and idle pastures and mowed and unmowed
treatments; 2) estimate composition of vegetation and its relation to grasdand bird
abundance, diversity, and richness of idle hayfidlds and idle pastures; and 3) develop
management recommendations for the grasdands on the CVNWR. | tested the
hypothesis that grasdand bird abundance and diversity and vegetative structure were
gmilar between hayfields and pastures and between mowed and unmowed trestments. |
hypothesized that: 1) there would be no differences between hayfields and pastures for
grasdand hird abundance and diversity; 2) grasdand bird species diversity would be
higher at sites with more edge and woody cover; 3) there would be fewer grasdand birds
in mowed treatments at the beginning of the 2000 season than in the unmowed

treatments; and 4) vegetative composition would differ between hayfields and pastures



and mowed and unmowed treatments because of different management practices

previoudy used.

STUDY AREA

The study was conducted on CVNWR in Canaan Vdley (Tucker County), West
Virginia(Figure 1). Thevdley isaround 24 km long and 3-6 km wide and is oriented on
anortheast- southwest axis. Thevadley isat an eevation of 960-990 m above sealeve
and is surrounded by mountains up to 305 m above the valey floor (United States Fish
and Wildlife Service 1979). Thevadley conddts of alarge wetland system (~2,438 ha)
congsting of meadows, boggy terrain, beaver ponds, and bored forests.

The climate of the valley conssts of cold winter temperatures and cool summers.
The climate and vegetation have been reated to smilar climates in northern New Y ork,
Vermont, New Hampshire, and the northern haf of Maine (Thornthwaite 1948). Fora
within the valey is composed of plants with northern ranges and distributions and for
some species Canaan Vdley is the southern most extent of their range (Fortney 1993).
Thereisardaively short growing season with an average of 92 frogt-free days from 31
May through 1 September (Vogemann 1978). Summer temperatures are moderate with
an average from 24-26° C during the day and 10-13°C at night. Ground fogs generdly
form disspating shortly after sunrise. Inanorma year, totd rainfal isabout 113.89 cm
(Nationa Oceanic and Atmospheric Administration 1999). During 1999, totd yearly
ranfdl was 95.63 cm with lower rainfal in June- September when compared to ranfdl
accumulation in anormd year (Figure 2). Additiondly, West Virginia experienced a
Statewide drought during the summer 1999. In 2000, totd rainfall (112.57 cm) was

gmilar torainfal in anorma year (Figure 2) (Nationad Oceanic and Atmospheric



Adminigtration 2000). There was a difference of 21.88 cm tota rainfdl during the
months of May-August for 1999 and 2000.
The valey wasfirg visted by explorersin 1746 and settlers arrived as early as

1800 (Vogelmann 1978). Prior to logging the valey consisted of large red spruce
(Picea rubens), with a dense understory of rhododendron (Rhododendron maxi mum)
(Vogelmann 1978). Other species associated with bored climates or rdlict flora of more
northern climates included: basam fir (Abies bal samea), hemlock (Tsuga canadensis),
ydlow birch (Betula lutea), sugar maple (Acer saccharum), beech (Fagus grandifolia),
small cranberry (Vaccinium oxycoccos), cregping snowberry (Gaultheria hispidula),
ydlow avens (Geum strictum), sedge (Carex leptonervia), bulrush (Scirpus
rubr otinctus), woolgrass (Scirpus atrocinctus), marsh marigold (Caltha palustris), and
jack-in-the-pulpit (Arisaema stewardsonii) (Strausbaugh and Core 1977). Natural
openings or glades, occurred in the forests, which consisted of grass balds or bogs too
wet for forestation. Deep layers of needles and other plant and animal matter
accumulated and together with sphagnum moss (Lycopodium spp.) built up a humus-rich
acid soil.

Beginning in the 1880s the railroad made Canaan Valey more accessble and
more susceptible to logging practices. Red spruce was cut leaving the valey completely
bare. By 1920 few trees remained and lumbering activity throughout West Virginia
severdy declined. The microclimate changed and the soil dried cregting a dry substrate
where tree seedlings were unable to become established (Vogelmann 1978). Once
forested bottomlands, have become boggy sphagnum bogs in wetter Sites and haircap

moss (Polytrichum spp.) hummocks on dightly drier ground (Fortney 1993). The drier



uplands consisted of forb and grass meadows and some introduced weed species when
the heavily burned area was planted with mixed grass seed (Vogelmann 1978).
Agriculturein Canaan Valey has predominantly been unsuccessful, dthough
some farms do exist today. Most crops were unable to produce well in the short growing
Season and cattle have been the predominant form of livestock since the areawas logged.
Pastures and hayfields are found in the dightly drier southern portion of the valey.
Currently, the CVNWR grasdands consst of dry upland areas, hawthorne (Crataegus
spp.) savannahs, saturated wet meadows, and saturated scrub-shrub wetlands, which
Vickery et d. (1999) includesin the broad definition of grasdand systems. The dominant
grasdand vegetation present on the refuge consists of orchard grass (Dactylis glomerata),
mountain oat grass (Danthonia compressa), sweet verna grass (Anthoxanthum
odoratum), quackgrass (Agropyron repens), timothy (Phleum pratense), bog goldenrod
(Solidago uliginosa), wrinkle-leaved goldenrod (Solidago rugosa), cinquefail (Potentilla

spp.), St. John’s Wort (Hypericum spp.), and narrow-leaved meadowsweet (Spirea alba)

(Appendix ).

METHODS

The study was conducted on 6 grasdand plots. Bedll, Cortland, Fredland, Harper,
Hertz, and Thompson. The grasdand portion of the refuge isaround 295 ha (" x = 49.17
halplot; SE = 12.66), and each plot was classified according to previousland use asidle
hayfield (Bedll [93 ha], Harper [ 73 ha], and Thompson [24 ha]) or idle pasture (Cortland
[16 ha], Fredand [28 ha], and Hertz [61 ha]). At the conclusion of the 1999 grasdand
bird breeding season in late August, 50% of the grasdand portions of Bedll, Cortland,

Fredand, Harper, and Thompson were mowed to determine the effects of habitat



manipulation on breeding bird success. Hertz was not mowed because the wet substrate
was inaccessible for mowing equipment. Transects for surveysfor birds and vegetation
were placed on each plot (n=6) and ran the length and width of each fidd. Placement

was dependent on plot size and transects were located 50 m away from edges.

Breeding Bird Counts

| conducted strip transect surveys to estimate breeding bird densties following the
methods of Franzreb (1981) and Best et al. (1997). | conducted bird counts on each tract
from May to August 1999-2000. Surveys were conducted within 5 hours of sunrise
during the period of pesak bird activity (Gates 1995). Counts were not conducted when
wind speeds exceeded 16 kmvhr or when it wasraining (Best et a. 1997). The transects
were walked once, per week, and al birds within 50 m of the transect were recorded,
giving an effective gtrip width of 100 m. Bird species, s2x, and behavior (eg., Snging,
caling) were recorded when possible to determineif birds were exhibiting nesting
behavior. The transects were walked at a moderate pace to count individuals but fast
enough to avoid counting the same individuals twice. Results of bird counts were
converted to dengity (number birds/ha) estimates. Bird detectability problems were
accounted for among species and habitats by using transect widths of 50-100 m which
creeted ardatively unobstructed range for viewing birdsin open habitats (Best et d.
1997). Additionaly, specid care was taken was taken to avoid double-counting
individud birds by excluding birds flying overhead but not dighting within sudy fidds

(Best et al. 1997).
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Vegetative M easur ements

| conducted vegetative sampling once per month from June to August of 1999-
2000 following the methods of Best et d. (1997). Verticd dengty (cm), maximum
height (cm), litter depth (cm), and canopy coverage were measured using a Robd pole
(Robd et d. 1970) and Daubenmire frame (Daubenmire 1959). The Robel pole, with a
height of 1 m, was used to obtain visua obstruction readings at 4 m away from the pole
(Robd et d. 1970). The maximum height of vegetation was recorded in cm using the
Robe pole. Vegetative canopy coverage was determined using a Daubenmire sampling
frame (Daubenmire 1959). Tota cover was determined on a nonoverlgpping basis and
classified into canopy coverage, litter coverage, and bare ground coverage. Canopy
coverage was then classified into the following categories: living or sanding-dead
vegetation; and forbs, grasses, and woody vegetation (Best et d. 1997). Living and
standing-dead vegetation equaled the percentage determined for canopy cover.
Additiondly, the forbs, grasses, and woody vegetation equaled the amount of percent
canopy cover and the combined living and sanding-dead vegetation percentage. Litter
included dl dead plant materid laying on the soil surface, including decomposing
materid. Standing-dead vegetation included dl dead plant materid found above the litter
layer and therefore was considered in maximum height and visua obstruction readings.
Measurements were recorded every 5-20 m depending on transect Sze. Smdl plots (< 28
ha) with little area to cover were sampled every 5 m and large plots ( > 16 ha) with large

amounts of areato cover were sampled every 20 m.
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Statistical Analysis

For dl birds observed during weekly counts, | caculated density (number of
birds’ha) based on the average number of birds counted during amonth. However,
analyses were conducted for tota birds and 3 target species (bobolinks, savannah
sparrow, and eastern meadowlarks) to determine overall differencesin tota bird and
target species densities. Bobolinks, savannah sparrows, and eastern meadowlarks were
chosen because they were found on both habitat types (1999 and 2000) and treatments,
and are declining grasdand species. Grasdand bird species diversity was obtained using
the Shannon-Weiner divergity index:

Diversity = (H’=nlogna (filogfi)/n)

(Shannon 1948, Zar 1999). In the diversty index formula n = sample Size; and f; = the
number of observetions. Diversity was caculated based on the maximum number of
individuas of each species counted during each month. Species richness was ca culated
by determining the number of species per hafound on each plot.

During 2000, | used 3-way andysis of variance (ANOVA) to compare dengty,
richness, and diversity (dependent variables) between trestments (mowed or unmowed),
habitat types (pastures and hayfields), and months (May, June, July, and August)
(independent variables). Following these analyses, data were andyzed using 3-way
ANOVAs to compare density, richness, and diversity between habitat types (pastures and
hayfields), years (1999 and 2000), and months (May, June, July, and August). If there
was no difference between treatments based on 2000 data, estimates from each treatment

within afield were combined, for dl andyses on 1999-2000 data. If therewasa
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difference between trestmentsin 2000, only data from the unmowed portion of the fidds
were used in analyses of 1999-2000 data.

Habitat characterigtics of plots were andyzed using 3-way multivariae andyds of
variance (MANOVA) or 3-way ANOVA and the same independent variables used for
bird dengty, richness, and diversity andlyses. | andyzed verticd dengty, maximum
height, and litter depth (dependent variables) using 3 separate ANOVAS. | used
MANOVA to analyze: cover type (canopy, litter, and bare ground), growth state
(standing live and standing dead), and vegetative type (forb, grass, and wood). These
categories were formed because the variables within the groups were correlated.

All testswere Sgnificant a P < 0.05. Following asignificant ANOVA, | used
Tukey’ s multiple comparison test to separate means. Data were checked for normdlity
using Shapiro-Wilk Statistic and homogeneity of variances by plotting resduas (Cody
and Smith 1991). | rank transformed density, richness, and diversity data because
assumptions for parametric tests were not met (Conover and Iman 1981). An arcsine
transformation was used on canopy, live vegetation, dead vegetation, wood, and vertica
density, and alog tranformation was used on percent bare ground, vertical density, and
maximum height to meet normality and homogeneous variance assumptions (Zar 1999).
All interaction terms were placed in Appendices |1-1V, and are only mentioned in the text
if dgnificant. Additionaly, information on months and habitat types are presented for
combined 1999-2000 data only. Interaction terms for 2000 are not presented because this
information is redundant but was needed to test interaction terms and the effect of

treatment.
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RESULTS

Breeding bird occurrence and abundance

There were 27 species found on the grassdand during the weekly bird counts, 13
species were found on the refuge in 1999, and 27 species were found on the refuge in
2000 (Appendix 11). Common species found on most grasdand plots were bobolinks,
savannah sparrows, eastern meadowlarks, and red-winged blackbirds. Species richness
was high on the Cortland tract where a high edge-to-arearatio exits, this tract accounted
for most of the edge species found during weekly surveys. Tota number of individuas
increased in late July and August (Figure 3). Additiondly, large numbers of bobolinks
and red-winged blackbirds were frequently encountered on the Fredand and Thompson
tracts. At the end of breeding season, flocks of eastern meadowlarks were found on the
Bedl tract.

There was an interaction between habitat types and trestments (F = 7.35; df = 1,
28; P =0.011) for totd grasdand bird dengty in 2000 (Table 2). A difference was
detected in grasdand bird densties found (number/ha)on mowed treatments in hayfields
(" x=0.85, SE=0.21) and pastures (" x = 1.57, SE = 0.26) (F =5.86; df = 1, 18; P =
0.026). There was no difference detected between mowed (" x = 1.57, SE = 0.26) and
unmowed (* x = 1.45, SE = 0.61) treatments on pastures (F =2.89; df =1, 18 ; P =
0.107). Additiondly, there was no difference detected between mowed (" x = 0.85, SE =
0.21) and unmowed (" x = 1.54, SE = 0.26) treatments on hayfields (F = 3.83; df = 1, 22;
P =0.0630). Overdl bird dendties were smilar between habitat types (F = 0.14; df =1,
32; P =0.707) for combined 1999-2000 data (Table 3). Grasdand birds had a higher

density in 1999 (" x = 8.25, SE = 2.58) than densitiesin 2000 (" x = 1.50, SE = 0.32) (F =
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11.53; df = 1, 32; P =0.002). Differences aso were detected among months (F = 3.83;
df = 3, 32; P = 0.009) with July having a higher mean dengty than May, June, and
August (Figure 4).

Bobolink densities were smilar between trestments (F = 0.01; df =1, 28; P =
0.965) (Table 2). Bobolink densities were similar between years (F = 0.06; df =1, 32; P
= 0.803), habitat types (F = 0.01; df = 1, 32; P = 0.908), and months (F = 0.17; df = 3,
32; P = 0.915) for 1999 and 2000 combined data.

There was no difference in eastern meadowlark densities between treatments (F =
1.96; df =1, 28; P = 0.172) for 2000. Higher eastern meadowlark densities were found
on idle hayfields rather than idle pastures (F = 11.5; df = 1, 32; P = 0.002) (Table 3).
Dengties were dmilar among years (F = 0.36; df = 1, 32; P = 0.551) and months (F =
0.69; df =3, 32; P = 0.563).

Higher savannah sparrow dengties were detected on unmowed treatments rather
than mowed treatments (F = 5.17; df = 1, 28; P = 0.031) during 2000 (Table 2).
Savannah sparrow dengties were smilar between years (F = 0.52; df = 1, 32; P = 0.477),
habitat types (F = 2.33; df = 1, 32; P = 0.137), and months (F = 3.04; df =3, 32, P =

0.068) for combined 1999 and 2000 data.

Breeding Bird Diversity and Richness

There was an interaction between treatments and habitat types (F = 10.52; df = 3,
28; P = 0.003) for species diversty in 2000. Grasdand bird diversity was higher in
mowed pastures than in unmowed pastures (F = 5.33; df = 1, 18; P = 0.033) (Figure 5).
Grasdand bird diversty was smilar between mowed hayfields and unmowed hayfields

(F=2.01; df =1, 22; P =0.170) (Figure 5). Therewas no difference in speciesdiversty
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for habitat types (F = 1.20; df = 1, 32; P =0.281) or years (F = 3.31; df =1, 32, P =
0.078) for combined 1999-2000 data. However, species diversty was lower in August
than other months (F = 6.52; df = 3, 32; P = 0.001) (Figure 6).

There was no difference between treatments (F = 0.49; df = 1, 28; P = 0.489) for
grasdand bird richness (Table 2). Pastures had higher speciesrichness (" x =1.29, SE =
0.14) than hayfidds (" x = 0.78, SE = 0.08) (F = 12.98; df = 1, 28; P = 0.001) in 2000.
There were no differences between habitat types for species richness (F = 0.36; df = 3,
32; P =0.782) (Table 3). There were differences between years and among months for
1999 and 2000 data combined. A higher species richness was detected in 2000 than in
1999 (F =23.32; df = 1, 32; P <0.0001) (Figure 7). August had alower mean diversity

than May, June, and July (F = 4.38; df = 3, 32; P = 0.011) (Figure 8).

Plot Vegetation Characteristics

There were no differences between treatments for percent cover type (Wilks é=
0.786; P = 0.196), percent vegetative type (Wilks &= 0.796; P = 0.218), verticd dendty
(F =237, df =1, 21; P = 0.138), and maximum height (F = 0.20; df = 1, 21; P = 0.657)
(Table 4). There were differences between treatments for percent growth state (Wilks' é
=0.710; P =0.033). Standing dead vegetation was greater in unmowed than in mowed
plots (F = 6.05; df = 1, 21; P = 0.023) (Table 4).

There were no differences between habitat types for percent ground cover (Wilks
€ =0.865; P = 0.352), percent growth state (Wilks é=0.926; P = 0.411), percent
vegetative cover (Wilks é=0.734; P = 0.074) and vertica densty (F = 0.62; df = 1, 24;
P =0.440) for combined 1999-2000 data (Table 5). Vegetation was taler in pastures than

in hayfidds (F = 6.10; df = 1, 24; P = 0.021) (Table 5). However, litter was deeper in
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hayfidds than in pastures (F = 15.95; df = 1, 24; P < 0.001) (Table 5). There were no
differences between years for growth state (Wilks € = 0.927; P = 0.416) and litter depth
(F=0.27, df =1, 24; P =0.606). Differences were detected between years for percent
ground cover (Wilks €= 0.609; P = 0.011). Of the percent ground cover variables, bare
ground did not differ between years (F = 1.26; df = 1, 24; P = 0.273), but percent canopy
cover and percent litter were different. Percent canopy cover was higher in 2000 thanin
1999 (F =8.39; df = 1, 24; P = 0.008) (Figure 9), but percent litter was higher in 1999
than in 2000 (F = 12.33; df = 1, 24; P = 0.002) (Figure 9). Verticd densty (F = 17.71; df
=1, 24; P <0.001) and maximum height (F = 24.95; df = 1, 24; P <0.001) was higher in

2000 than in 1999 (Figure 10).

DISCUSSION

Effects of Mowing on Birdsand Vegetation

Mowed hayfields had low bird densities when compared with the other trestments
and habitat types. A difference in abundance may be influenced by alack of cover
needed for territory and nest site selection. Mowed plots had a decrease in percent
standing dead vegetation when compared with unmowed plots. The higher percentage of
standing dead vegetation in the unmowed plots, specificaly in pastures, provided cover
for individuals at the start of the season when maximum height and vertical densty were
lower. Smilarly, Delide and Savidge (1997) found increasesin totd bird abundance
were related to increases in verticd dengity. On the refuge, standing dead vegetation
found on unmowed treatments would contribute to increased vertical density early in the
grasdand bird breeding season. Savannah sparrows had lower densities on the mowed

trestments indicating that this treetment did not provide suitable habitat for territory
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establishment or nest placement. Swanson (1998) noted that savannah sparrows prefer
habitats with awell developed litter layer. The litter layer was removed or decreased in
late August 1999 and the decrease in savannah sparrow densities on mowed plotsin 2000
may have been in response to this atered vegetative characterigtic. Additionaly,

standing dead vegetation found in unmowed plots provided song perches for breeding
males that most likely increased savannah sparrow dengties in unmowed plots (Vickery
1996). Territories established in Wisconsin has grester grass cover, deeper litter, lower
forb density, and higher vegetation density (Wiens 1973, Whedwright and Risng 1993).

In Saskatchewan, the number of savannah sparrow nesting pairs was consistently
lower in grazed than ungrazed areas (Dale 1984); however, the litter layersin Canaan
Valley appear to be adequate on hayfields and pastures. Savannah sparrows were found
in every plot ranging from dry upland to moist wet meadows to shrub dominated habitats
to areas with little interior and high amounts of edge. Similarly, Madden et d. (2000)
found savannah sparrows in awide range of habitats.

Additiondly, there were differences in species diversity between combinations of
treatments and habitat types. Diversity was higher on mowed pastures than on the other
combinations of treatments and habitat types. While mowing istypicaly associated with
decreases in bird diversity and abundance (Frawley and Best 1991), bird divergty on the
refuge generdly did not appear to be influenced by mowing treatment. However, shrubs
on some of the pastures, in combination with the mowed areas may have created more
edge and diverdity of habitats. Additionally, because the grass continued to grow, a
progression from sparse to heavy cover provided tempord variation in habitat structure,

This may have provided proper requirements for more species through the summer. Each
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tract did not contribute equally to avian diversity. Specificdly, the Cortland tract had a
high edge-to-arearatio increasing the number of edge species found during the weekly
bird counts. The high diversity of species present on Cortland may have been influenced
by the degree of edge habitat available on that plot. Similarly, Vickery et d. (1994)

found an increase in the number of edge species present on small fidds (2-8 ha).

Effects of Land Use and Weather on Birdsand Vegetation

Species richness was different in 2000 between habitat types with pastures having
more species/ha than hayfields. The pasturesin Canaan Valey provided a higher amount
of edge habitat than hayfields and more edge-associated species were found. Pastures
tended to have more shrubs increasing the amount of edge and vertica diversity for
additional species. Species richness on pastures was possibly influenced by 1 high edge-
to-arearatio plot (Cortland) with an associated increase in the number of edge associated
species found during weekly bird counts. These species, including field sparrows
(Spizdla pusilia) northern cardind (Cardinalis cardinalis), eastern towhee (Piplio
erythrophthalmus), and indigo buntings (Passerina cyanea), are not target management
gpeciesfor the CVNWR. Vickery et d (1994) found smilar results when comparing
andl plots (2-8 ha) to larger plots (> 64 ha). Differencesin size classes lead to a patterns
with edge species such as common yellowthroats (Geothlypis trichas) and song sparrows
(Melospiza melodia) in smaler Sze classes and increases in area- dependent speciesin
Sze classes greater than 32 ha (Vickery et a. 1994). This suggests areas on the refuge
that are dominated by shrub cover are creating habitat for edge species and not target

grasdand species.
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Bobolink densties on the refuge were smilar between hayfields and pastures,
which contradicts the findings of Smilar sudies. In some regions dengitiesin hayfields
were nearly 10 times greater than in natural grassands (Graber and Graber 1963). In
New York, 8 year old hayfields were preferred by bobolinks (Bollinger and Gavin 1992,
Martin and Gavin 1995). Abundance in those older fields were 67% greater than in
lightly grazed pastures. Because both habitat types have been left idle for more than 8
years, differencesin bobolink densities may be masked because fields are structuraly
amilar. Prior to August of 1999, the hayfields on the refuge had remained idle since
refuge acquistion, thusfaling into the “old field" category. Both hayfields and pastures
on the refuge were idle until the conclusion of the 1999 field season when hdf of each
field was mowed. Both hayfidds and pastures have exotic and native, tall grasses that
seem to effectively smulate the now rare dl naturd talgrass prairie. Bobolink habitat
use was primarily found in hayfields or fidlds with exotic, tal grasses (Madden et d.
2000). Thesetal, rhizomatous, exatic grasses can be structuraly smilar to the native
grass species they have replaced, and associated bird species have adopted this
introduced vegetation as breeding habitat (Madden et a. 2000).

Eastern meadowlark dengities were higher on hayfields than pastures for both
years. The pastures on the refuge contain alarge amount of shrub cover that eastern
meadowlarks appeared to have avoided during the 1999 and 2000 seasons. Similar
studies have found eastern meadowlarks prefer moderately tall grasdands with abundant
litter cover, high proportion of grass, moderate to high forb density, and low coverage of
woody vegetation (Rotenberry and Weins 1980, Bollinger 1995, Lanyon 1995, Hull

2000). Litter cover was higher in hayfields, which may have affected eastern

20



meadowlark territory sdection. Although significance was not detected, there was a
higher percentage of forbs and grass and alower percentage of woody cover found in
hayfidds.

There were differencesin overal dengty, diversity, and richness between years.
Grasdand birds had a higher mean dengty in 1999, because of the flocks of bobolinks (>
100) and large numbers of red-winged blackbirds and eastern meadowlarks found on the
survey plots that summer. These differencesin bird abundance may be attributed to
differencesin weather conditions between the 2 years. West Virginiaexperienced a
drought in 1999 and a norma amount of rainfal in 2000 (Nationd Oceanic and
Atmospheric Administration 2000). In Canaan Vdley, May-August totd precipitation
showed a difference of 21.88 cm between 1999 and 2000. These precipitation events
may have indirectly influenced grasdand bird ditributions and paiternsin Canaan Vdley
and surrounding areas for both years. Variationsin grasdand bird dengties have been
linked with drought conditions even though drought effects appear to be short-lived with
most pecies recovering within 1 year (O’ Connor et a. 1999). While drought conditions
may influence seasond variationsin grasdand bird dengties, it may ultimately be
farmers response to westher conditions thet influence variaionsin denstiesin Canaan
Valey. Most farmlands were mowed early in 1999 due to dry wesather that dlowed
farmers access to their filds. The mowing on nontrefuge land reduced available habitat,
causing birds to concentrate on the refuge. Most farmers during the 2000 season, delayed
mowing until middle-to-late July, because of continuous rainfal and unsuitable fidd
conditions, thus providing additiona habitat for birds during the 2000 season. While

differences in average ranfal may influence farmer responsg, it is unlikely that
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differences in climatic conditions directly dtered the grasdand bird populations on the
refuge.

Climatic factors, differentid winter survivd, or man-caused effects are probably
not as important as the effects should be the same on each site (Whitmore 1979).
However, conditions are not Smilar between public and private land in the Canaan
Vadley and contribute to variability in grasdand bird populations. Increasesin rainfall
events may not dter grasdand bird density, diversity, or species richness but it may affect
nesting success and land management techniques. Hooding during prolonged periods of
ranfal led to nest loss of some grasdand bird species (Wray et d. 1982). Even though
fiddsin Canaan Vdley were periodicaly water saturated, flooding did not contribute
directly to nest loss.

Differences were detected for grasdand bird dengity, diversity, and richness
among months with August having a reduction in dengity, diveraty, and richness. Fewer
birds were recorded during bird countsin August because most grasdand birds had
formed flocks or had abandoned their territories and were at Sites that provided optimal
foraging conditions for fledglings and upcoming fal migration. Although, most species
were found in aggregations ether in different parts of the valley or adjacent to transects
during weekly surveys. Bobolinks, which are among the firgt to leave the valey, began
flocking in middle to late July prior to molting. Savannah sparrows, which may tend
nests through August, are among the last speciesto leave the vdley.

The BBS data indicates that both eastern meadowlarks and savannah sparrows are
declining nationally, regiondly, and within West Virginia (Sauer et d. 2000). Canaan

Valey NWR providesimportant habitat for grasdand speciesin West Virginia because
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grasdand habitat in West Virginiais limited to old or active farmlands and reclamed
grip mine habitats (Whitmore and Hall 1978). recommended managing reclaimed strip
mine habitats for grasdand bird communities in West Virginia because of limited habitat
(Wray 1979). Assmadl farming became less feasible fields were abandoned and
succession changed the structurd characteristics of the vegetation (Whitmore and Hall
1978). Prior to mine reclamation, grasshopper sparrows and vesper sparrows were
declining in their ranges (Whitmore and Hall 1978). West Virginialiesin the
southernmost range for these 2 species (Bucklew and Hall 1994), which may influence
dedining trends because their populations may fluctuate from year to year depending on
their ability to find isolated grasdand habitatsin West Virginia Asthese 2 species
continue to decline idle and active agriculturd fields and recdlamed mine sites if managed
correctly in West Virginiamay provide essentid habitats for declining grasdand species.
The grasdand portion of the refuge with active management will provide necessary

habitat for grasdand birdsin West Virginia

Management Implications

While some grasdand species (i.e., savannah sparrows) may have responded
negatively to the mowed treatment because of its reduction in litter depth and standing
dead vegetation, active management of the grasdands on the Canaan Vdley NWR is
important. Site qudity (area and vegetation characteristics) affected the number or kind
of species present on the refuge. On small areas many edge species were found on areas
dominated by shrubs, whereas bobolinks and eastern meadowlarks, target grasdand
species, were absent. Additiondly, because these areas were previoudy farmlands many

remnant fencelines, hedgerows, windbreeks, lanes, and trailsexist. The remova of most
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of these structures would provide large, contiguous portions of grasdands that might
attract those species that are area dependent (i.e., grasshopper sparrows, Hendow
gparrows, and northern harriers). However, leaving asmall percentage (< 5%) of woody
cover on idle grasdand sites would provide song perches for grasdand songbirds.
Additiondly, leaving fence posts along the periphery of grasdands would provide
additiona song perches these species.

Grasdand sites need to be large enough to support grassand populations.
Vickery et d. (1994) suggests that grasdand sites need to be > 50 ha, preferably about
200 ha. Gore (1999) suggedts field sizes should be > 100 ha. Whitmore (1980) suggests
fidld 9zesin West Virginiashould be > 40 ha. On the refuge, the stes with the greatest
number of target species individuas were not necessarily the largest sites (28 — 93 ha).
Grassand species agppeared to be responding to the vegetative structure and vertical
diversty found on these Stes rather than field Sze, which isSmilar to Bollinger's (1995)
findings. Although, bobolinks, eastern meadowlarks, and savannah sparrows do not
necessarily need areas greater than 100 ha, other species such as grasshopper sparrows,
found during 2000 on the 93 ha Site, do require larger areas (Jones and Vickery 1997).

A combination of mowing, grazing, and prescribed burning should be
implemented to provide quality habitat by setting back succession for grasdand species.
These management techniques are necessary to prevent woody encroachment in habitat
fragments and may reduce predation on ground nests (Burger et al. 1994). Herkert et d.
(1996) found that providing a mosaic of mowed/unmowed, grazed/ungrazed, or
burned/unburned habitats provides afull range of grasdand bird habitat requirements,

and accounts for the different responses grasdand species have to management
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techniques. Mowing may be the most feasible option because it diminates the need for
coordinating with farmers for livestock grazing and unpredictable weather for prescribed
burning. Sample and Hoffman (1989) found mowing can be used to control woody
vegetation, lower vegetative height, and reduce litter build-up (if cuttings are harvested).
While some species like eastern meadowlarks and savannah sparrows prefer devel oped
litter layers, mowing or another management technique needs to be implemented before
the litter layer becomes too dense and is unsuitable for nest Site selection. Mowing
should be conducted on arotationd basis leaving fields or portions of fiddsidle for 1-2
growing seasons. Reproductive success of bobolinks, savannah sparrows, and eastern
meadowlarks improvesiif fields are mowed after July 15 (Jones and Vickery 1997). On
the refuge mowing should be conducted in middle to late August to avoid destroying
nests of double of triple brooding species.

While grasdand areas on the refuge range from 10-92 ha, the largest grasdands
are not necessarily providing adequate habitat for grasdand bird species. The Hertz tract
isdominated by scrub-shrub habitat (i.e., St. John’s wort, narrow-leaved meadowswest,
blueberry [Vaccinium spp.]) and is supporting edge species rather than strict grasdand
bird nesting species. Eastern meadowlarks and bobolinks were not found on the Hertz
tract during the summers of 1999 and 2000. The Hertz tract should not be considered for
further grasdand management due to inadequate habitat characterigtics and permanently
moist field conditions. Additiondly, the Cortland tract should be excluded from
grasdand management plans dueto its Sze and shape. The Cortland (> 16 ha) isa

narrow strip of grassland bordered on dl sdes by either roads, smdl lanes, or forest
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edges. Birdsfound on this tract were predominantly edge-species and few grasdand bird
gpecies were found & this Ste.

Tracts of land that should be included in a grasdand management plan are: Bedll,
Cooper, Fredand, Harper, Reichdl, and Thompson tracts. Management of these sites
will vary depending on field conditions. The Fredand, Reichell, and Thompson tracts are
water saturated throughout the year and would not be suitable for prescribed burns.
These Stes may benefit from rotationa mowing and/or grazing. The Bedll, Cooper, and
Harper tracts are found in adrier portion of the Valey and would provide suitable sites
for prescribed burning. These sites dso should incorporate mowing and/or grazing as a
management dterndive. Typicaly mowing/grazing is conducted in blocks and eech
block may be mowed every 2-5 years depending on the management objectives.
Hawthorne (Crategus spp.) should be removed from the Bedll, Cooper, Harper, and
Thompson tracts to reduce effects of woody edge on grasdand species. Woody
vegetative cover found on in the interior of grasdand tracts may negatively affect
grasdand birds by increasing predator dengties and possibly cresting travel or foraging
lanes for predators (Warren and Ryan 1999). If woody cover is reduced within the

interior of grasdand tracts, it may positively affect grasdand bird productivity.

Additional Resear ch

Further research should be conducted on the Canaan Valey grasdandsto
determine the effect surrounding active farmland management have on the density,
diversity, and richness of speciesfound on therefuge. If areafarms are managed during
grasdand bird breeding seasons, this may directly affect the grasdand birds on the refuge

and force them to ether forage or nest on neighboring farmlands. Additiondly,
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understanding grasdand bird responses to active farmland management may aid the
refuge in developing a more comprehensive management plan and provide the refuge
overd| grasdand bird productivity datafor the entire valey.

Further research aso should be conducted on the conversion of some cool-season
grass fields to warm-season grass fiddds. Thiswould provide information on the vaue of

warm season versus cool season grasses to grasdand bird productivity on the refuge.
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Table 1. Breeding Bird Survey (BBS) grasdand bird population trends (1966-1998) for
species found in West Virginia on the Canaan Valey Nationd Wildlife Refuge, Tucker

County (Sauer et d. 2000).

Species Tota Trend® FWS Regions (NE)° WVv°

Savannah sparrow -0.50 -2.28 -6.84
Bobolink -1.58 +0.15 +2.11
Eastern meadowlark -2.74 -4.68 -3.40
Red-winged blackbird -1.04 -2.62 -2.58
Vesper sparrow -0.76 -5.29 -15.05
Grasshopper sparrow -3.38 -4.28 -12.00
Northern harrier -0.63 -3.11

aSurvey-wide grassland bird species group population change.

PGrassland bird population change data for USFWS refuges in Connecticut, Delaware, Maryland,
Massachusetts, New Hampshire, New Jersey, New Y ork, Pennsylvania, Rhode Island, Vermont,
Virginia, and West Virginia.

“Population trend data for grassland birds found on the Canaan Valley NWR for 1999 and 2000.
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Table 2. Breeding grasdand bird density (number of birds’ha), diverdty, and richness
between mowed and unmowed treatments on the Canaan Valey Nationd Wildlife

Refuge, West Virginia, May-August 20007,

Mowed Unmowed

Species "X SE "X SE
Totd birds 1.38 0.18 1.50 0.32
Bobolink 0.29a 0.09 0.67a 0.32
Eagtern 0.07a 0.02 0.05a 0.01
meadowlark

Savannah 0.17a 0.05 0.35b 0.06
sparrow

Diversty 0.57 0.02 0.41 0.02
Richness 1.30a 0.07 1.08a 0.04

&Mean pairs followed by the same | etter are not different (P > 0.05) between mowed and

unmowed treatrrents. Means without |etters were not tested due to significant interactions.
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Table 3. Breeding grasdand bird density (number of birds’ha), diverdty, and richness
between hayfields and pastures on the Canaan Valey Nationd Wildlife Refuge, West

Virginia, May-August 1999-2000%,

Hayfidds Pastures

Species X SE X SE
Totd birds 3.62a 1.01 6.13a 2.57
Bobolink 0.73a 0.42 2.00a 1.00
Eastern 0.27a 0.07 0.07b 0.04
meadowlark

Savannah 0.38a 0.06 0.27a 0.07
sparrow

Diversity 0.32a 0.04 0.41a 0.06
Richness 1.09a 0.15 1.50a 0.25

&Means followed by the same letter are not different (P > 0.05) between mowed and unmowed

treatments. Means without letters were not tested due to significant interactions.
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Table 4. Vegetative characteristics for mowed and unmowed treatments on the Canaan

Vadley Nationd Wildlife Refuge, Tucker County, West Virginia, June-August 2000.

Mowed Unmowed

Vaiade "X SE X SE
Ground Cover (%)

Canopy 7920 331 7321 327

Litter 1781 314 2019 3.30

Bare Ground 310 139 6.68 237
Growth State (%)

Live 7728 316 66.01 4.83

Dead 120 038 309 061
Vegetative Cover (%)

Forbs 3792 202 3594 260

Grasses 39.84 220 3307 348

Wood 073 040 420 152
Vertical Density (cm) 1843 265 2265 276
Maximum Height (cm) 50.57 498 5180 456
Litter Denth (cm) 173 016 267 0.20
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Table 5. Vegetative characterigtics for hayfields and pastures on the Canaan Valley

National Wildlife Refuge, Tucker County, West Virginia, June-August 1999-2000.

Hayfidds Pastures

Vaidde "X SE "X SE
Ground Cover (%)

Canopy 75.35 2.84 76.63  4.02

Litter 20.38 2.83 1758 3.73

Bare Ground 4.30 1.33 5.96 2.81
Growth State (%)

Live 71.97 2.49 70.13 6.31

Dead 2.83 0.56 1.52 0.56
Vegetative Cover (%)

Forbs 34.21 194 3940 430

Grasses 38.55 1.80 3326 4.30

Wood 1.99 0.82 3.37 171
Vertica Density (cm) 18.14 220 2383 324
Maximum Height (cm) 47.45 3.83 5579 557
Litter Depth (cm) 2.53 0.23 1.90 016
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Figure 1. Canaan Vdley Nationd Wildlife Refuge grasdand study Sitesin Tucker

County, West Virginiafor 1999 and 2000.
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Figure 3. Totd birds counted for weekly bird surveys on the Canaan Valey Nationa
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Canaan Vdley NWR, Tucker County, West Virginia, May-August 1999-2000. The same

letter above bars indicate no difference (P > 0.05) among months.
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Figure 5. Breeding grasdand bird diversity based on Shannon-Weiner diversity index
(Zar 1999) between trestments within habitat types on the Canaan Valey NWR, Tucker
County, West Virginia, May-August 2000. The same letter above bars indicates no

difference (P > 0.05) between trestments within habitat types.
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Figure 6. Breeding grassdand bird diversity based on Shannon-Weiner diversity index
(Zar 1999) among months on the Canaan Vdley NWR, Tucker County, West Virginia,
May-August 1999-2000. The same letter above bars indicates no difference (P > 0.05)

among months.
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Figure 7. Breeding grasdand bird richness between years on the Canaan Valey NWR,
Tucker County, West Virginia, May-August 1999-2000. The same letter above bars

indicates no difference (P > 0.05) between years.
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Figure 8. Breeding grasdand bird richness by months on the Canaan Vdley Nationa
Wildlife Refuge, Tucker County, West Virginia, May-August 1999-2000. The same

letter above bars indicates no difference (P > 0.05) among months.
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Figure 9. Comparison of percent canopy and percent litter between years on the Canaan
Vadley Nationd Wildlife Refuge, Tucker County, WV 1999-2000. The same letter above

bars indicates no difference (P > 0.05) between years.
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on the Canaan Vdley Nationad Wildlife Refuge, Tucker County, West Virginia 1999

2000. The same letter above bars indicates no difference (P > 0.05) between years.
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CHAPTER 11

NEST SSTE PLACEMENT AND NEST SUCCESS OF GRASSLAND BIRDSIN

CANAAN VALLEY, WEST VIRGINIA

Abstract: Grasdand bird populations have become increasingly dependent on atered
grasdand habitat for nesting in the eastern United States. 1dle hayfields and pasturesin
the eastern United States are providing nesting habitat for grasdand species displaced
from their native habitat. The objective of this sudy was to compare grasdand bird nest
success and nest placement between 3 idle hayfields and 3 pastures, and 5 mowed and 6
unmowed trestments.  This sudy was conducted in the Canaan Vdley Nationa Wildlife
Refuge, West Virginiaon 295 ha of grasdand habitat. During the summer of 1999 and
2000, | searched and monitored grasdand bird nests found on hayfields and pastures. At
the conclusion of the 1999 field season, one-haf of each fidld was mowed to manipulate
the vegetation and determine the effects of a mowing trestment on nest Site selection and
success. The predominant grassand species were bobolinks (Dolichonyz oryzvorus),
savannah sparrows (Passer culus sandwichensis), and eastern meadowlarks (Surnella
magna). Egimated Mayfield nest surviva did not differ between nests found in hayfidds
and pastures, and mowed and unmowed treatments. Grasdand species were found to
place nests at Sites with little to zero bare ground and woody cover, and were found at
locations with increased vertica density and moderate to high litter depth. While there
was no difference in nest success between mowed and unmowed trestments, mowing
these fidds at the conclusion of the breeding season will provide long term advantages

to grasdand birds nesting on the refuge.

Thisthessfollows the syle of the Journal of Wildlife Management
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While information does exist on nesting characterigtics and habitat affinities of
some upland nesting birds of the grasdands of the northern United States and Canada, it
isimportant to determine the nesting characteristics and habitat affinities of grasdand
birds on aregiona/locd scae (Kantrud and Higgins 1992). In the eastern United States
most research on grassand birds has been conducted on active hayfields and pastures,
and reclaimed strip mines (Whitmore and Hall 1978, Wray et d. 1978, Bollinger et d.
1990, Norment et a. 1999). Idle hayfields and pastures are increasing in the eastern
United States due to changes in farming practices and the purchase of farmlands for other
uses. These new habitats present managers increased opportunities to enhance the qudity
of habitat for declining grasdand birds (Farris and Cole 1981). Many grassdand bird
species adapted and expanded their populations throughout the Northeast in the 1800s as
land was cleared for timber harvest and agriculture (Jones and Vickery 1997). Wray et
a. (1978) found grasdand species of the reclamed mine community in West Virginia
included grasshopper sparrows (Ammodramus savannarum) vesper sparrows (Pooecetes
gramineus), savannah sparrows (Passer culus sandwichensis), horned larks (Eremophila
alpestris), red-winged blackbirds (Agelaius phoeniceus), and eastern meadowlarks
(Surnella magna). Additiona speciesfound in pastures and hayfields of West Virginia
include babolinks (Dolichonyx oryizorus), fild sparrows (Spizella pusilla), and chipping
sparrows (Spizella passerina).

The most frequently cited explanation for grassand bird population declinesin

fragmented habitats is higher nest depredation rates near edges (Paton 1994, Burger etal.
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1995, Herkert et a. 1996, Winter 1999). Increased predation on nests of ground-nesting
species on prairie fragments may cause population declines or loss of some prairie bird
gpecies. Miller et d. (1998) listed nest predation as the most important cause of nest
falure. Winter (1998) found an elevated frequency of nest depredation on nests near a
woody edge. However, while Warren and Ryan (1999) observed higher depredation rates
near grasdand edges differences between depredation rates in the prairie interior and the
woody edge were not detected. A sharp forest to grasdand edge may act as abiological
barrier and concentrate predator activity dong awoody edge (Johnson and Temple 1990,
Burger et a. 1994, Winter 1998). In Minnesota, nest success was lower on small prairie
fragments (16-32 ha), than on large prairie fragments (130-486 ha) due to higher nest
depredation on smdller prairie fragments (Johnson and Temple 1990, Herkert et a. 1996).
Other reasons for grasdand bird decline include: insufficient breeding habitat, inadequate
reproduction, or excessive annua mortdity (Temple 1988). Loss of neststo predatorsis
common, but if predators become overabundant they can reduce the norma nest success
of birds (Temple 1988).

In the northeast, most grasdand birds use hayfields, pastures, and meadows for
breeding while many other birds nest nearby and use crop fields and open areas for
hunting and foraging (Jones and Vickery 1997). During the breeding season,
invertebrates are a critica food resource for many grasdand birds and nestlings (O’ Leske
et d. 1997). Thereisevidence to suggest that having highly fragmented grasdand
habitats may reduce rates of insect colonization at grasdand sites (Collinge 2000). This
may reduce overdl insect productivity and limit resources needed for avian species,

particularly throughout their breeding seasons.
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Management of farmlands can be detrimentd or beneficid to grasdand birds. The
use of hayfields can significantly reduce reproductive success for grasdand birds because
timing of mowing often conflicts with their breeding season (Ballinger 1995). Bollinger
et a. (1990) estimated a 40% mowing-induced mortdity rate for bobolink nests found on
hayfiddsin New York. Additiond studies have noted direct loss of nests due to mowing
during grasdand bird breeding seasons (Ballinger et d. 1990, Frawley and Best 1991,
Ddeet d. 1997, Herkert et d. 1998). If timing of mowing is delayed until the concluson
of grasdand bird breeding seasons, mowing trestments may benefit grasdand birds. The
benefits of mowing fields include: setting back succession, controlling woody vegetetion,
lowering vegetative height, and reducing litter build-up (Sample and Hoffman 1989).

In West Virginia, some information has been collected on the nesting success of
grasdand hirds on reclaimed mine sites (Whitmore and Hall 1978, Wray et d. 1978), but
information islacking on the success of grasdand birds nesting in farmlands throughout
West Virginia. Additionaly, little is known about the response of grasdand nesting
gpecies to mowing treetments in West Virginia Nest fate and nest Site characterigtics
were determined for bobolinks, eastern meadowlarks, red-winged blackbirds, and
savannah sparrows found on the hayfields and pastures of the Canaan Valley Nationa
Wildlife Refuge (CVNWR), Canaan Vdley, WV, during the 1999 and 2000 breeding
seasons.  Additionally, insect biomass was collected to determine food resources
available for breeding grasdand birds.

My objectives of this sudy were to: 1) determine nest fate and extent of
depredation, 2) determine nest Site selection based on the collection of vegetative

information at nest Sites and random sample locations, 3) determine insect availability to
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grasdand nest species and their nestlings, and 4) develop management recommendations
for grasdand species on the CVNWR. Overdl, | hypothesized that there would be fairly
high rates of nest depredation because the farmlands on the refuge were highly
fragmented. Additiondly, | hypothesized there would be differencesin nest fate between
hayfields and pastures because the stes were highly variable in Sze and vegetative
compoasition. | hypothesized that mowed treatments on both hayfields and pastures
would promote nest success because of the remova of large amounts of dead vegetation

on both hayfields and pastures.

STUDY SITE

The study was conducted on the grasdand portion of the CVNWR in Canaan
Valey (Tucker County), West Virginia (Figure 1). The valey conssts of alarge wetland
system (~2,438 ha) made up of meadows, boggy terrain, beaver ponds and boredl forests.
Temperatures in the summer are typicaly cool with an average from 24-26° C during the
day and 10-13°C in the evenings. Dueto the cool climate in the valley, florais composed
of plants with northern ranges and distributions and for some species Canaan Vdley is
the southern most extent of their range (Fortney 1993). Canaan Vdley, in norma year,
has about 114 cm in total rainfal accumulation (Nationa Oceanic and Atmaospheric
Adminigration 1999). During 1999, totd yearly ranfdl was 96 cm with lower ranfdl in
June- September when compared to rainfal accumulation in anorma year (Figure 2).
Additiondly, West Virginia experienced a satewide drought during the summer 1999. In
2000, totd rainfdl (113 cm) was Smilar to rainfal in anorma year (National Oceanic

and Atmospheric Adminidration (Figure 2).



Grasdands comprise about 295 ha of the refuge. The dominant grasdand
vegetation present on the refuge congsts of orchard grass (Dactylis glomerata), mountain
oat grass (Danthonia compressa), sweet verna grass (Anthoxanthum odoratum),
quackgrass (Agropyron repens), timothy (Phleum pratense), bog goldenrod (Solidago
uliginosa), wrinkle-leaved goldenrod (Solidago rugosa), cinquefoil (Potentilla spp.), St.
John’s Wort (Hypericum spp.), and narrow-leaved meadowsweet (Spirea alba)
(Appendix V). Dominant speciesfound a grasdand bird nest Sitesinclude: reed canary
grass (Phalaris arundinacea), mountain oat grass (Danthonia compressa), cinquefail
(Potentilla spp.), narrow-leaved meadowsweset (Spirea alba), wrinkle-leaved goldenrod
(Solidago rugosa), and bog goldenrod (Solidago uliginosa) (Table 1). A full list of
vegetation found at bobolink, eastern meadowlark, red-winged blackbird, and savannah

gparrow nest sites can be found in Appendix V.

METHODS

The study was conducted on grasdands previoudy used as hayfidds (Bedl,
Harper, and Thompson) or pastures (Cortland, Fredand, and Hertz). At the conclusion of
the 1999 grasdand hird breeding season, one-hdf of the grasdand portions of Bedll,
Cortland, Fredland, Harper, and Thompson were mowed to determine the effects of
habitat manipulation on breeding bird success. Hertz was not mowed because the tract

was inaccess ble to farm equipment due to saturated soil conditions.

Nest Location

Each tract was searched for nests by walking and observing bird nesting

behaviors. Nest searches were conducted daily throughout the 1999 and 2000 breeding
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seasons. Nests were flagged 5 m north of the nest to minimize disturbance (Davis and
Sealy 1998), except in cases where nest placement was obvious and flags may have
provided visud cuesto avian predators. Nests were monitored every 3-5 days to
determine clutch size and nest fate. When nests became inactive, nest fate was classfied
into fledged, depredated, or abandoned categories. If nestlings were ready to fledge when
the nest became inactive and the nest site was in good condition, the nest was considered
to have fledged young. Depredated nests were those where the eggs were taken or
nestlings were taken before their average fledging dates. Abandoned nests were those
where the female or both parents were not present during nest checks, or nests that were
found before egg laying occurred and femal es abandoned. Nest searches during the 2000
field season were conducted on both mowed and unmowed plots to determine whether

field manipulation would &ffect nest Site placement and fate.

Nest Site Characteristics

Once a nest became inactive, vegetative characteristics were recorded at each nest
Ste based on methods of Best et . (1997). Verticd dengity (cm), maximum height (cm),
litter depth (cm), and canopy coverage were measured using a Robel pole (Robel et dl.
1970) and Daubenmire frame (Daubenmire 1959). The Robe pole, with aheight of 1 m,
was used to obtain visua obstruction readings at 4 m away from the pole (Robdl et al.
1970). The maximum height of ether living or dead plant material was recorded within 2
cm of the Robel pole. Vegetative canopy coverage was determined using a Daubenmire
sampling frame (Daubenmire 1959). Ground cover, which equaled 100%, was classified
into canopy cover, litter cover, and bare ground cover. Canopy coverage was then

classfied into the following groupings: living or sanding-dead vegetation; and forbs,
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grasses, and woody vegetation (Best et d. 1997). Living and standing-dead vegetation
equaled the percentage of canopy cover. Additionaly, the forbs, grasses, and woody
vegetation equaed the amount of percent canopy cover. Litter included al dead plant
materid laying on the soil surface, induding decomposing materid. Standing-dead
vegetation included al dead plant material found above the litter layer and therefore,
considered in maximum height and visud obgtruction readings. Additiondly, vegetative
gpecies found within the Daubenmire (1959) frame were recorded to determine dominant
vegetation at the nest Ste. This process was repested at a random point within the same

fidd either in June, July, or August depending on the time the nest became inactive.

I nvertebrate sampling

Invertebrate sampling was conducted based on methods outlined by O'Leske et dl.
(1997). Samples were collected by sweepnet once each month in June, July, and August
aong permanently established strip transects. Collection took place between 1000- 1500
hours on days where cloud cover is <50%, wind speed <20 kph, and ambient temperature
is between 16-50°C (Robel et a. 1996, O’ Leske et d. 1997). At each plot, 3 samples
were taken, each consisting of 50 full sweeps per sample through the upper level of
vegetation. The contents of the sweepnet were placed in ethyl-acetate kill jars, and the
specimens were subsequently transferred to labeled plastic bags and frozen.

Invertebrate numbers and biomass were determined by separating the thawed
invertebrates from vegetative debris, alowing them to ar dry, and then sorting them to
family (O’ Leske et d. 1997). Once separated to order or family when possible, they were
dried to a constant mass at 70°C for 3 48 hours. Once these measurements were

determined they were recorded to 0.0001 g by taxa
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Statistical Analysis

Statistical analyses for nest data were conducted on tota number of nests for each
species by breeding season (1999 and 2000) and location. Nest fate data for bobolinks,
eastern meadowlarks, red-winged blackbirds, and savamnah sparrows were andyzed
using the modified Mayfield method (Mayfield 1975, Johnson 1979). These 4 species
were the most abundant nesting species found on the refuge. Totd surviva, or
probability of nesting success for the entire nesting period, and daily nest survivd were
calculated. Nests were considered successful if there was evidence thét &t least one
nestling fledged. Nests were consdered unsuccessful if nestlings were taken before their
projected fledging date or there was evidence of predation at the nest ste. During 2000, |
used 2-way anaysis of variance (ANOVA) to compare nest success (dependent variable)
between treatments (mowed or unmowed) and habitat types (hayfields and pastures)
(independent variables). Following these analyses, data were andyzed using 2-way
ANOVASs to compare nest success between habitat types (hayfields and pastures) and
years (1999 and 2000) for combined 1999-2000 data. Data were checked for normality
using Shapiro-Wilk Statistic and homogeneity of variances by plotting resduas (Cody
and Smith 1991).

The nest vegetation data for each species were andyzed using stepwise
discriminant function anayss (DFA) to determine which variables were important in
identifying nest Ste location for individua species (Wray 1979). | aso used DFA to
determine the effect vegetation variables had on nest success, where nests found for each
gpecies were divided into 2 groups, successful and unsuccessful. For discriminating

between nest sites and sample locations, bobolink, eastern meadowlark, red-winged
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blackbird, and savannah sparrow nest data for 2000 treatments and years were andyzed
separady. For discriminating between successful and unsuccessful nests, bobolinks,
red-winged blackbirds, and savannah sparrow nest data for 2000 treatments and years
were anayzed separately. Successful and unsuccessful eastern meadowlark nests were
not andyzed using discriminant function andyss due to low sample Szes. Vegetdive
variables were entered into the modd using SLE = 0.25, which specifies the sgnificance
level for adding variables in the forward selection mode (SAS/'STAT 1990). The habitat
measurements (dependent variables) were placed into 3 categories. cover type (canopy,
litter, and bare ground), growth State (live and dead standing vegetation), and vegetative
type (forb, grass, and wood). These categories were formed because the total growth
state and vegetative type equal percent canopy cover. All percentage data were arcsine
square root transformed and height data were log transformed. Canopy cover and
gtanding live vegetation were excluded from analys's becauise percent vegetative typeisa
component of these 2 and is expected to account for these variables.

Invertebrate biomass data were andyzed by 3-way ANOVA usng amode that
included habitat types, treatments, and months for 2000 data and habitat types, years, and
months for 1999 and 2000 data (Robel et d. 1996). All Mayfield nest surviva data and
associated ANOV As and insect biomass data were significant at P < 0.05. Following a
sgnificant ANOVA, | used Tukey’s multiple comparison test to separate means.
Interaction effects will only belisted in the text if they are Sgnificant. All other
interaction terms can be found in Appendix |. Stepwise DFA tests on nest sites and nest

fate were sgnificant a P < 0.10 to include more vegetative variables in the analysis.
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Means and standard errors for DFA can be found in Appendix V1. Additionally, average

biomass of invertebrate orders found on the refuge can be found in Appendix V1.

RESULTS

Oveadll, there was atotd of 89 grasdand bird nests were found during 1999 and
2000: bobolinks (26 nests), eastern meadowlarks (11 nests), red-winged blackbirds (21
nests), savannah sparrow (25 nests), chipping sparrows (7 nests), common yellowthroats
(2 nests), vesper sparrows (1 nest), and malard (1 nest) (Table 2). Thirty-two additiona
nests were located but these were from non-grasdand birds and are not discussed in this
chapter. Overdl mean clutch size for bobolinks, eastern meadowlarks, red-winged
blackbirds, and savannah sparrows were 4.36, 4.73, 3.75, and 3.92 respectively (Table 3).
Nest initiation for most grassand species on the refuge occurred during the second to
third week in May. For both years, the first nest was found the third week in May. Most

nests were found during June on the Fredand, Thompson, and Bedll tracts.

Nest Fate

All of thetracts but 2 (Cortland and Harper) on the CVNWR had active nests on
them during both years (Table 4). There were no differencesin nest density for dl
grasdand nesting species between mowed (" x = 0.64, SE = 0.35) and unmowed (" X =
1.18, SE = 0.64) treatments during 2000 (F = 0.01; df =1, 5; P = 0.934). Additiondly,
there were no differences in nest density (number/ha) between 1999 (" x = 0.17, SE =
0.08) and 2000 (" x = 0.93, SE = 0.45) (F = 1.88; df = 1, 4; P = 0.242), or between
hayfidds (" x = 0.54, SE = 0.34) and pastures (" x = 0.56, SE = 0.43) (F =0.01; df = 1, 4;

P =0.977). Dally nest surviva and total surviva were determined for bobolinks, eastern
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meadowlarks, red-winged blackbirds, savannah sparrows and al grasdand nesting
speciesfor both years (Table 4).

There was no interaction between habitat types and treatments for nest success
during 2000 (F = 0.11; df = 1, 3; P = 0.761). Also, nest success between mowed (" x =
0.40, SE = 0.15) and unmowed (" x = 0.22, SE = 0.02) treatments was similar (F = 0.68;
df 1, 3; P =0.472). Additiondly, there were no interactions between habitat types and
years (F = 0.49; df =1, 6; P =0.511). Differencesin nest success were not detected
between hayfields or pastures (F = 0.16; df = 1, 6; P = 0.705 or between years (F = 0.16;
df =1, 4, P =0.714) for 1999-2000 combined data. Thisinformation was used to
determine the effect each habitat type had on nest fate. Using total surviva per plat, idle
hayfidds (" x = 0.304, SE = 0.083) and idle pastures (" x = 0.233, SE = 0.129) were
amilar (F = 0.16, df = 1,5, P =0.712). Also, there was no difference between 1999 (" x =
0.194, SE = 0.02) and 2000 (" x =0.321, SE =0.088) (F = 0.01, df = 1,5, P = 0.920).
Based on high P-vaues from the F-test reaults, | believe if sample sizes were doubled or
tripled differences still would not be detected. Thisindicates thet the results are reliable

and not dueto low sample size.

Difference between nest and random sites

For bobolinks, differences were detected for percent bare ground, standing dead
vegetation, and percent litter. Percent bare ground was greater at random locations than
at nest locations (F = 8.58; P = 0.005) (Table 7). Percent litter was higher at bobolink
nest sites than a random locations (F= 3.39; P = 0.072) (Table 7). Additiondly, standing
dead vegetation wastdler a nest Stes than at random locations (F = 4.07; P = 0.049)

(Table 7).
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For eastern meadowlarks, standing dead vegetation was tdler a nest sites (F =
15.24; P = 0.001), litter depth was higher at nest sites (F = 6.37; P = 0.021), and
maximum height also were higher & eastern meadowlark nest sties than random sites (F
=18.44; P = 0.0004) (Table 7). For savannah sparrows, standing dead vegetation was
taler at nest Stes than at random locations (F = 7.16; P = 0.010) and percent grass was
higher a nest stes than a random locations (F = 3.55; P = 0.066) (Table 7).

Maximum height of vegetation was taller at red-winged blackbird nest Stesthan
random locations (F = 63.70; P < 0.001) (Table 7). Percent wood aso was greater at nest
gtes(F = 10.02; P = 0.003) (Table 7). Percent litter, however, was higher a random
locations than at red-winged blackbird nest sites (F = 12.09; P = 0.001) (Table 7).
Differencesin Nest Fate between Vegetative characteristics

For bobolinks, vertical density of vegetation was taler a successful nests than a
unsuccessful nests (F = 4.20; P = 0.052) (Table 8). However, vertical dendty of
vegetation was greater at depredated savannah sparrow nests than at successful nests (F =
7.00; P = 0.015) (Table 8). Maximum height of vegetation was taller at successful
savannah sparrow nests than a unsuccessful nests (F = 4.60; P = 0.043). For red-winged
blackbirds maximum height was taller a successful nests than depredated nests (F =
5.89; P =0.027) (Table 8). Additionaly, depredated red-winged blackbird nests were

found further from field edges than successful nests (F = 4.22; P = 0.057) (Table 8).

I nvertebrate biomass

There were no differences between mowed (" x = 0.03, SE = 0.01) and unmowed
(" x=0.03, SE =0.01) treatments for invertebrate biomass (F = 0.03; df =1, 12; P =

0.867) during 2000. A 3-way interaction was detected among years, habitat types, and
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months (F = 5.95; df = 2, 12; P = 0.008) for 1999 and 2000 combined. There were no
differences in invertebrate biomass between hayfields (" x = 0.04, SE = 0.01) and pastures
(x=0.04, SE=0.01) in June 2000 (F = 0.73; df = 1, 4; P = 0.441) or between hayfields
(x=0.04, SE =0.01) and pastures (" x = 0.03, SE = 0.01) in July 2000 (F = 3.41; df=1,
4; P =0.139). However, invertebrate biomass was greater in pastures (" x = 0.03, SE =
0.02) than hayfidds (" x = 0.02, SE = 0.01) in August 2000 (F =14.37; df =1,4; P =
0.019). There were no differences in invertebrate biomass between hayfidds (" x = 0.03,
SE =0.01) and pastures (' x =0.01, SE =0.01) inJune 1999 (F = 3.69; df =1, 4, P =
0.127), between hayfidlds (" x = 0.02, SE = 0.01) and pastures (" x =0.02, SE=0.01) in
July 1999 (F = 2.08; df = 1, 4; P = 0.223), or between hayfields (* x = 0.023, SE = 0.004)

and pastures (" x = 0.02, SE =0.01) in August 1999 (F = 0.09; df =1, 4; P = 0.779).

DISCUSSION

Nest Success Rates on Mowed Treatments and Habitat Types

Nest success was smilar between mowed and unmowed trestments indicating that
while the vegetative structure was dtered it did not dter nest failure rates. Even though
nests found in the mowing trestment had similar nest success rates when compared to
unmowed trestments, it is possible mowing conducted during the non-breeding season
may positively influence nest successin the future. Mowing should decrease woody
cover and set back succession and create more favorable nesting habitat for grasdand
birds. Also, nest success was similar between hayfields and pastures for 1999 and 2000.

Thisindicates previous farming techniques used on these plots is affecting grassdand bird
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nest success equaly. The hayfields and pastures on the refuge appear to be providing
gmilar nesting habitat for grasdand birds

Savannah sparrow nesting success was 34% in Canaan Vdley, which is higher
than the 25% fledging rate on reclaimed mine stesin West Virginia (Wray 1979), in
Nebraska (15.5%) and Minnesota (1.9%) conservation reserve fields (CRP) (Koford
1999), and in Nebraska (22%) and Minnesota (24.9%) waterfowl production areas
(Koford 1999). Davison and Bollinger (2000) estimated a 62% fledging success for
bobalinks, which is much higher than the 19.4% fledging success found on the Canaan
Valey NWR. Also, Koford (1999) estimated a 47.3% fledging success for bobolinksin
Nebraska. In Minnesota, however, a 9.6% fledging success rate was estimated, which is
lower than the 19.4% fledging success of bobolinks on the Canaan Valey NWR.
Overdl, while bobolink fledging percentages may gppear to be rdatively low they may
be sufficient to maintain stable populations without immigration (Koford 1999).

Eastern meadowlark fledging success was 70% in Canaan Vdley, which is much
higher than the 32% fledging rate in lllinois (Davison and Bollinger 2000) and the 29.9%
fledging rate in northern Missouri (McCoy et a. 1999). Red-winged blackbird fledging
success was 21% in Canaan Valey, which was smilar to fledging estimates (28%) found
in northern Missouri (McCoy et d. 1999) and Illinois (20%) (Davison and Bollinger
2000).

Overdl, 82% of nest fallures for grasdand nesting birds on the refuge were a
result of depredation. Other studies have cited nest predation as the main reason for nest
failure (Wray 1979, Patterson and Best 1996, Winter 1999). Wray (1979) found that

78% of unsuccessful nests taken by predators were the result of bird or snake depredation



inWest Virginia. Potentia nest predators in Canaan Vdley may include: shrews (Sorex
pp.), white-footed mouse (Peromyscus leucopus), meadow vole (Microtus
pennsylvanicus), striped skunk (Mephitis mephitis), red fox (Vulpes vulpes), raccoon
(Procyon lotor), chipmunk (Tamias striatus), whitetail deer (Odocoileus virginianus),
American crow (Corvus brachyrhynchos), northern black racers (Coluber constrictor
constrictor), and black rat snakes (Elaphe obsol eta obsol eta) (United States Fish and
Wildlife Service 1979). Although not measured in this study, most failed nests exhibited

some form of destruction possibly caused by smdl to medium szed mammals.

Bobolinks

During 2000, bobolinks were found nesting on the mowed portion of the Bedll
tract, but they were not found on Bedll during their breeding season in 1999. Mowing in
1999 may have created additiona habitat for bobolinks during the 2000 breeding season.
Bobolink nests found on the refuge during 2000 (n = 21) had lower percentages of bare
ground, percent litter, and standing dead vegetation at nest Stes when compared to
random sampling locations. Bobolinks tended to build nests at Sites with a substantia
amount of cover providing nest concealment and protection. Because adequate cover is
an important characteristic for bobolink nest Sites, bare ground was not present a nests
gtes. Previous studies have found that bobolinks prefer moderate to tall vegetation,
moderate to dense vegetation, and a moderate to deep litter layer (Bollinger 1995,
Dechant et d. 1999). The strongest predictor of bobolink presenceis decreasing bare
ground, increasing litter, and increasing vegetative dengty (Dechant et d. 1999). Totd
verticd vegetative dengity has been found to be higher near nest sites than throughout the

entire habitat sampled (Martin and Gavin 1995). The Fredand tract (i.e., pasture) had
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higher densities of nesting pecies than most tracts on therefuge. This particular tract
positively responded to the mowing trestment and normal rainfall thereby increasing
vaiableslike live vegetation, vertical dengty, and maximum height.

Bobolink nests that successfully fledged young had greater vertica dengties of
vegetation when compared to depredated nests. Vertica density provided nest
conced ment from predators, shelter from environmenta factors, and appear to contribute
to bobolink nest success. Idle pastures appear to be providing suitable habitat for
bobolinks because they provide areas with dense, tall vegetation that provides vertica
densty. Neststhat fledged young in mowed and unmowed treatments had nearly equa
vertical densities suggesting obstruction > 28 cm is beneficid to bobolink nest success.
The effects of mowing on bobolinks have been found to be detrimenta (Frawley 1989,
Bollinger et a. 1990). In New Y ork, mowing directly destroyed 51% of bobolink nests,
with an additiona 10% loss when follow-up raking and bailing occurred (Bollinger et d.
1990). Inlowa, 50% of ground nests in dfafa fields were destroyed during mowing
(Frawley 1989). While direct effects of mowing on nest fateis an issue on active
farmlands, these effects are not a concern on the CVNWR grasdands. Mowing was
conducted at the conclusion of the breeding season, not during nesting when farmers

would receive the maximum productivity from hay.

Savannah Sparrows

Savannah sparrow nests were found on nearly dl sites with the exception of
Cortland and Harper. They appear to choose their nest locations without regard to the
dominant vegetation found on each Ste and thair nests were in vegetation ranging from

mossto reed canary grass. There were few differences between savannah sparrow nest
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stes and random locations in 2000, athough percent standing dead vegetation and
percent grass were higher at nest stes than sample locations. Savannah sparrows have
established territories in habitats with significantly greater grass cover and nests may be
conceded by acanopy and dead grasses and herbs (Whedwright and Rising 1993).
Savannah sparrows nesting on the refuge were found on nearly al plots and appear to be
habitat generdists when it comes to sdlecting quaity nest Sites.

In discriminating between vegetative characterigtics found at successful and
unsuccessful savannah sparrow nests, maximum height and vertical density were found to
be higher at unsuccessful nest Sites. Savannah sparrow nests that fledged young had
higher maximum heghts than those nests thet failled. Wray (1979) found successful nests
of vesper, grasshopper, and savannah sparrows had increased amounts of tal (> 30 cm)
vegetation on reclamed mine Stesin West Virginia. Mean height also was higher a
successful savannah sparrow nests found on reclaimed mine sites (Wray 1979).
Additiondly, higher percentages of grass were found at nest Stes and sampling locations
in pastures. Percent grass did not appear to have an effect on savannah sparrow nest fate.
While litter depth did not effect savannah sparrow nest success on the refuge, Dde et d.
(1997) found savannah sparrow site use was positively correlated with litter depth and

broad-leaved grasses in Saskatchewan.

Eastern Meadowlarks

Few nests were found for eastern meadowlarks (n = 11), which either may be a
result of their relatively large territories, lack of suitable habitat within the udy area, or
that many nests that were present were not found. Eastern meadowlarks were not found

where dominant vegetation included St. John'swort or narrow-leaved meadowswest.
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Based on bird count data, eastern meadowlark densities were low indicating that the
habitat in this Stuation did not provide adequate resources.

Standing dead vegetation, maximum height, and litter depth were higher a net
gtesthan a sample locations. While | found nest Stesto be positively related to sSanding
dead vegetation, McCoy (1996) found eastern meadowlark presencein CRPfiedsin
Missouri to be negatively corrdated to standing dead vegetation. In Canaan Valley, nests
weretypicaly found in clumps of dead vegetation. Various studies have found eastern
meadowlarks prefer habitat with increased litter cover and dense vegetation (Rotenberry
and Wiens 1980, Bollinger 1995, Lanyon 1995). However, Delide and Savidge (1997)
found eastern meadowlarks to be negatively correlated to litter depth. Because of low
sample size for successful and unsuccessful nests, differences in vegetative variables
between the 2 groups could not be determined for eastern meadowlarks. Hull (2000)
found that optima habitat for eastern meadowlarks contains low shrub cover (< 5%).
Hull (2000) aso noted that eastern meadowlarks tend to avoid areas with heavy woody
invason. The presence of large amounts of shrub habitat on the Thompson and Hertz
tract did not provide suitable habitat for nesting eastern meadowlarks. Eastern
meadowlarks were not present on Hertz and were found nesting at low densities on the
Thompson tract. While differences in Mayfield nesting success among mowed and
unmowed trestments were not detected, it would be advantagous to continue mowing
portions of the refuge to deter woody vegetation and provide additional habitat for
nesting eastern meadowlarks. Dale et d. (1997) found western meadowlarks consigtently
inannua hayfidds. In my sudy, eastern meadowlarks were rarely found on steswith

large amounts of woody cover and typicaly avoided woody cover when choosing a nest
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dgte. Additiondly, Norment et d. (1999) found eastern meadowlarks on only asmall
number of fidldsin New York. Haying would decrease the amount of woody cover on
idle farmland sites and perhaps create additiond habitat for eastern and western

meadowlarks during their breeding seasons.

Red-winged Blackbird

Red-winged blackbird nests were found where large stands of reed canary grass,
narrow-leaved meadowswest, or St. John's wort occurred. Their nests appeared to be
particularly susceptible to American crow predation, which they were frequently seen
mobbing. Percent litter, percent wood, and maximum height were grester at red-winged
blackbird nest sites than random locations. However, LeClerc (1982) found red-winged
blackbirds occupying habitats with deep litter accumulations and lush, dense grass cover
in reclamed srip minesin West Virginia In Canaan Vdley, red-winged blackbirds were
found nesting in areas with increased shrub cover and maximum height, and decreased
percent litter. These habitat characteristics, particularly increased shrub cover, are the
opposite extreme from significant vegetative characterigtics found for bobolinks, eastern
meadowlarks, and savannah sparrows.

Successful red-winged blackbird nests had greater maximum heights and were
found closer to edges than unsuccessful nests, based on significant variables entered in
the discriminant function analyss modd. Red-winged blackbirds were the only
grasdand nesting species where nest fate was positively related to distance to edgein
Canaan Valley. Because successful nests were found closer to edges than unsuccessful
neds, it islikely the amount of overhead concedl ment provided by increased maximum

heightsisthe greatest indicator of red-winged blackbird nest success. Overhead
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concealment could provide protection from avian predators that forage using visua cues

(Wray 1979).

I nvertebrate Food Availability for Grassdand Nesting Species and their Nestlings

While invertebrate biomass differed between habitat types over months no
sgnificant differences were detected for hayfields and pastures. Invertebrate biomass
was higher in 2000 than in 1999. Populations of invertebrates were likely responding to
the increased average rainfall in 2000 and the drought conditions of 1999. Insect orders
that may provide important food for grasdand birds and their nestlings on the refuge
were: Coleoptera, Homoptera, Lepidoptera, and larvae of Diptera, Coleoptera, and
Lepidoptera. In Illinois, bobolinks fed nestlings primarily Lepidoptera and Orthoptera
larvae, eastern meadowlarks primarily consumed Coleoptera and L epidoptera, and red-
winged blackbirds fed nestlings Odonata and Lepidoptera (Koba et a. 1998). The diet
of nestling bobolinks consists of Lepidoptera, Diptera, Hymenoptera, and Coleoptera
adults and larvae, Hemiptera and Orthoptera adults and nymphs, and Arachnida (Martin
and Gavin 1995). Eastern meadowlarks feed nestlings insect food dmost exclusvely and
stomach contents revealed chiefly Orthopterans, and Lepidoptera and Diptera
larvag(Lanyon 1995). The diet of nestling savannah sparrows congisted of Coleoptera,
Diptera, Lepidoptera, Hymenoptera adults and larvae, and Homoptera (Cercopidae,
Cicaddlidae) and Orthoptera adults and nymphs (Meunier and Bedard 1984,
Whedwright and Risng 1993). While information does not exist on the exact orders fed
to nestlings on the refuge, the orders found to consst of the mgority of grasdand bird

gpecies diets were the dominant invertebrate orders collected during sweepnet sampling.
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Because of the congraints on sweegpnet sampling, it is difficult to determine overal

invertebrate productivity and if it can sustain grasdand birds during the breeding season.

Management | mplications

Wray et d. (1982) dated that an annua productivity rate of a least 8 fledglings
per pair is necessary to balance 50% adult mortdity for birds with a fledgling surviva to
the first breeding season of 12.5%. The grasdand species found on the refuge fledge
between 2-5 fledglings/'successful nest atempt. Bobolinks, which are typicdly asingle
brooded species, did not make enough nest attempts to yield productivity rates greater
than 8 fledglings. Only savannah sparrows, which can have triple broods, have the
capacity to produce more than 8 fledglings in a nesting season; dthough, there was no
evidence of thison the CVNWR. While productivity rates are not high enough for
popul ation maintenance without recruitment if adult mortaity exceeds 50%, management
of Canaan Vdley grasdands may enhance productivity in the future. Additiondly, adult
mortaity may be low enough to maintain a sustainable population.

Grasdand sites need to be large enough to support grassdand populations.
Vickery et d. (1994) suggests that grasdand sites need to be > 50 ha, preferably about
200 ha. In West Virginia, Sites are better suited for grasdand birdsif they are over 40 ha,
because smdler sites (<40 ha) are subject to high turnover rates, rapidly fluctuating
populations, and numerous extinctions (Whitmore 1980). On the refuge, the Steswith the
greatest number of target species individuas were not necessarily the largest Sites (28 —
93 ha) indicating habitat quality not Sze was more important to nest Ste location. Large
tracts of grasdands (>100 ha) should be managed to enhance habitat quality and promote

grasdand bird recruitment. Grassand species appeared to be responding to the vegetative
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gructure and vertica diversity found on these Stes rather than field Sze, which issamilar
to the findings of Ballinger (1995). Although, bobolinks, eastern meadowlarks, and
savannah sparrows do not necessarily need areas greater than 100 ha, other species such
as grasshopper sparrows, found during 2000 on the Bedll tract (93 ha Site), do require
larger areas (Jones and Vickery 1997).

A combination of mowing, grazing, and prescribed burning should be
implemented to provide quality habitat by setting back succession for grasdand species.
These management techniques are necessary to prevent woody encroachment in habitat
fragments and may reduce predation on ground nests (Burger et d. 1994). Herkert et d.
(1996) found that providing a mosaic of mowed/unmowed, grazed/ungrazed, or
burned/unburned areas provides afull range of grasdand bird habitat requirements, and
accounts for the different responses grasdand species have to management techniques.
While some species like eastern meadowl arks and savannah sparrows prefer developed
litter layers, mowing or another management technique needs to be implemented before
the litter layer becomes too dense and is unsuitable for nest Site selection. Jones and
Vickery (1997) found that reproductive success improvesif fields are mowed after July
31. On the refuge mowing should be conducted in mid-to-late August to avoid
destroying nests of double or triple brooding species. It isimportant that with any
management technique used that blocks of land remainidle for 1-4 years. Thiswould
provide cover for grasdand species at the beginning of a breeding season and provide
increased percent litter, standing dead vegetation, and litter depth for nest placement.

While distance to edge or field size did not have a detectable effect on bobolink or

savannah sparrow nest fate, management should focus on removal of internd edges (i.e,
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remnant fence lines, hedgerows, and wind breaks) found throughout the grasdands on the
refuge. Theseinternd edges further fragment dready highly broken up tracts of land and
should be removed to provide large contiguous pieces of grasdands.

Although, leaving existing posts dong roadsides may be favorable for speciesthat use
these structures as singing perches (i.e., eastern meadowlarks, savannah sparrows,
grasshopper sparrows). These posts should not be detrimenta to grasdand birds because
they are dready associated with existing edge habitat and would not adter the interior
portion of grasdand tracts that should be more favorable as nesting habitat. However,
gructures (e.g., fencelines, hedgerows, creeks, and drainage ditches) located within
grassand interiors have been found to concentrate activity of predators, which may

increase nest predation rates (Heske et al. 2001).

Further Research

Most unsuccessful nests on the refuge were lost due to depredation but no
information exists on predator dendties found on and around the grasdand portions of the
refuge.  Determining predator dendties (eg., smadl mammds and reptiles) would
contribute to understanding the scope of nest loss on the refuge.  Additionaly, studies
documenting the direct loss of eggs or neslings from nests will provide information on
which predators are frequent and infrequent nest predators. Focusing on predator
populations would provide information for a comprehensve management plan that will
benefit grasdand birds on the refuge.  Additiond sudies on food resource availability
(i.e, invertebrates and seeds) and use will determine which grasdand dtes are providing
adequate resources for grasdand hbirds. It would be useful to incorporate invertebrate

sampling with obsarvations of grasdand birds carying food to ther nestlings to

73



determine what they are feeding on and if the refuge is providing adequate foraging
resources. These data should be combined with energetics, productivity, and surviva

models to determine long-term sustainability of grasdand bird populations on the refuge.
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Table 1. Five dominant vegetative species (%) found at bobolink, eastern meadowlark,

savannah sparrow, and red-winged blackbird nest stes on the Canaan Vdley Nationd

Wildlife Refuge, Tucker County, West Virginia, 1999-2000. * Indicates vegetative

gpeciesis not among the 5 most dominant vegetative species for that particular grasdand

nesting bird.
Eastern Savannah  Red-winged
Scientific Name Common Name Bobolink  Meadowlark Sparrow Blackhird
Solidago rugosa Wrinkle-leaved 9.65 5.67 * 6.70
goldenrod
Solidago uliginosa Bog goldenrod 10.02 * * *
Anthoxanthum Sweet vernal grass 8.62 * 5.03 *
odoratum
Dactylis glomerata Orchard grass * * 7.28 *
Danthonia compressa Mountain oat grass * 428 2164 *
Lolium perenne Quackgrass * * * 338
Phalarisarundinacea Reed canary grass 12.35 21.20 * 1190
Phleum pratense Timothy 8.39 * * 483
Lotus corniculatus Birdsfoot trefoil * 557 * *
Fragaria spp. Wild strawberry * * 412 *
Potentilla spp. Cinquefoil * 792 1853 *
Spiraea alba Narrow-leaved * * * 57.80
meadowsweet
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Table 2. Number of nests found per year (percent success/depredation) of nests found on

the Canaan Vdley Nationa Wildlife Refuge, Canaan Vdley, West Virginiafor the 1999

and 2000 breeding seasons.

Species n__ 1999 2000®  Depredated®  Fledged®  Abandoned’
Bobolink 26 4(11) 22(26) 9(35) 15 (57) 2 (08)
Eastern meadowlark 11 4(11)  7(09) 6 (55) 5 (45) 0(0)
Savannah sparrow 25 8(22) 17(20) 11 (44) 12 (48) 2 (08)
Red-winged blackbird 21 6(16) 15(18) 9 (43) 10 (48) 2(09)
Vesper sparrow 1 0() 1(01) 0(0) 1(100) 0(0)
Chipping sparrow 7 5(13) 1(01) 2 () 3 (50) 1(17)
Common yellowthroat 2 1(01) 1(01) 1(50) 1(50) 0(0)
Mallard 1 0@ 1(01) 1(100) 0(0) 0(0)
Cedar waxwing 17 6(16) 11(13) 6 (35) 8 (47) 3(18)
American robin 9 2(05 7(09) 4 (44) 5 (56) 0(0)
Eastern kingbird 5 1(03 1(01) 0(0) 2 (100) 0(0)
Carolinawren 1 1(3) 0(0) 0(0) 1(100) 0(0)

&The number in parentheses i ndicates the percent of the total number of nests found for all species
inthat year.
® The number in parentheses indicates the percent of the total number of nests found for a

particular speciesin 1999 and 2000.
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Table 3. Average clutch size of nests for grasdand species found on the Canaan Valey

Nationa Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Species Sample Size X SE
Bobolink 26 4.36 0.18
Chipping sparrow 7 3.25 0.48
Common yelowthroat 2 2.00

Eastern meadowlark 11 4.73 0.19
Red-winged blackbird 21 3.75 0.10
Savannah sparrow 25 3.92 0.21
V esper sparrow 1 2.00




Table 4. Number of nests, Mayfield nesting success, and dally surviva rates of al

grasdand birds found on each tract and habitat type on the Canaan Vdley Nationd

Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Number of Nest Success Daily Survival
Nests Found Rates
Sze Habitat
Tracts (ha) Type 1999 2000 1999 2000 1999 2000
Bedl 93 Hayfield 4 1 1965 2393 0927 0942
Cortland 16 Pasture 0 0
Freeland 28 Pasture 12 20 0.00 34.98 0939 0.963
Harper 73 Hayfield 0 0
Hertz 61 Pasture 2 3 0875 0.667
Thompson 24 Hayfield 7 2 3433 2798 0937 0960
Reichell? Hayfield 0 1 100
Cooper® Hayfield 0 6 14.87 0.946

&Tracts only nest searched in 2000.
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Table 5. Number of nests, exposure days, Mayfield nesting success, daily nest surviva of

al grasdand birds found nesting on each tract and trestment on the Canaan Vdley

Nationd Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Number of Nest Daily Nest

Tracts Treatment Nests Found Obs.Days Success  Surviva
Bedl Mowed 5 30 17.624 0.93333

Unmowed 11 74 2542 0.94595
Cortland Mowed 0 0

Unmowed 0 0
Freeland Mowed 15 189 48.09 0.9734

Unmowed 17 53 17.62 0.92453
Harper Mowed 0 0

Unmowed 0 0
Hertz Unmowed 5 3 0.66667
Thompson Mowed 7 91 7843 0.97802

Unmowed 22 132 2207 0.94697
Reichell* Mowed 1 3 1.00000
Cooper* Mowed 6 56 14.87 094643

86



Table 6. Number of active nests, exposure days, Mayfied nesting success, and daily
survival rate of bobolinks, eastern meadowlarks, savannah sparrows, and red-winged

blackbirds (the most common species found on the grasdand portion of the Canaan

Valey NWR, Canaan Vadley, West Virginiain 1999 and 2000.

Species Year Treatment Habitat n Exp. Nest Success  Daily Survival
Days Rates
Bobolink 1999 Unmowed Pastures 4 17 1348 0.882
1999 Unmowed Hayfields 0 0 0 0
2000 Mowed Pastures 5 42 20.32 0.929
2000 Mowed Hayfields 10 % 37.29 0.969
2000 Unmowed Pastures 2 8 0.750
2000 Unmowed Pastures 5 45 2897 0978
Eastern 1999 Unmowed Pastures 2 16 1.00
meadowlark
1999 Unmowed Hayfields 2 29 1.00 0.966
2000 Mowed Pastures 1 17 1.00 0.941
2000 Mowed Hayfields 2 12 134 0.833
2000 Unmowed Pastures 1 1 0.909
2000 Unmowed Hayfields 3 11 1.00 0.976
Red-winged 1999 Unmowed Pastures 2 23 0.00 0.957
Blackbird
1999 Unmowed Hayfields 4 3 2157 0.921
2000 Mowed Pastures 6 120 79.93 0.992
2000 Mowed Hayfields 0 0 0 0
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Table 6. Continued.

Species Year Treatment Habitat Exp. Nest Success  Daily Survival
Days Rates
2000 Unmowed Pastures 3 31.86 0.970
2000 Unmowed Hayfields 64 359 0.922
Savannah sparrow 1999 Unmowed Pastures 18 3827 0.889
1999 Unmowed Hayfields 37 26.32 0.919
2000 Mowed Pastures 10 1.00
2000 Mowed Hayfields 72 57.22 0972
2000 Unmowed Pastures 4 0.750
2000 Unmowed Hayfields 56 16.85 0.929
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Table 7. Vegetative variables that were different between nest sites and random locations

using stepwise discriminant analyss to determine which variables best fit the modd on

the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Partial r? *X SE ‘x  SE

Species Variables
Bobolink Bare Ground (%) 0.1516 0 0 4.00 153

Standing Dead V egetation 0.0797 452 137 160 0.80

(%)

Litter (%) 0.0686 9.40 302 1160 270
Eastern Standing Dead V egetation 0.4324 12.00 346 0.82 0.05
meadowlark (%)

Litter Depth (cm) 0.2511 4.45 1.06 1.00 0.30

Maximum Height (cm) 0.5061 56.36 6.94 3700 664
Red-winged Litter (%) 0.2464 0.75 055 2000 342
blackbird

Wood (%) 0.2276 58.90 11.05 155 0.82

Maximum Height (cm) 0.6264 91.70 323 36.65 505
Savannah Sparrow Standing dead vegetation (%) 0.1298 6.92 3.02 120 0.60

Grass (%) 0.0702 44.24 4.61 3060 459
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Table 8. Vegetdive variables that were different between successful and unsuccessful

nests using stepwise discriminant andysis to determine which variables best fit the model

on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia 1999-

2000.

Species Variables Partial r? F-value P-value

Bobolink Vertical Density (cm) 0.1544 4.20 0.0520

Red-winged blackbird Wood (%) 0.1367 2.85 0.1086
Maximum Height (cm) 0.2574 5.89 0.0266
Distance to edge 0.2087 422 0.0566

Savannah sparrow Maximum Height (cm) 0.1665 4.60 0.0429
Vertical Density (cm) 0.2083 5.79 0.0250
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Figure 1. Canaan Vdley Nationd Wildlife Refuge grasdand study Stesin Tucker

County, West Virginiafor 1999 and 2000.
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Figure 2. Monthly precipitation totals (cm) for 1999 and 2000, and normd monthly

ranfal vauesfor Canaan Valey, Tucker County, West Virginia 1999-2000.
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Appendix la. Vegetation (%) (Strausbaugh and Core 1977) found in mowed and unmowed treatments on the Canaan Valey Nationa

Wildlife Refuge, Tucker County, West Virginia 2000.

Family Scientific Name Species Mowed Unmowed
Apiaceae Daucus carota Queen Anne'sLace 0.08 0.36
Apiaceae Zizia aptera Golden Alexanders 0 0
Asclepidaceae Asclepias syriaca Common Milkweed 0.06 0.10
Asteraceae Achillea millefolium Yarow 578 256
Asteraceae Anaphalis margaritacea Pearly Everlasting 0 0.02
Asteraceae Aster spp. Aster 004 0.03
Asteraceae Chrysanthemum |eucanthemum Oxe-eye Daisy 220 104
Asteraceae Cirsium spp. Thistle 0.15 022
Asteraceae Erigeron pulchellus Daisy Fleabane 0.14 0.07
Asteraceae Hieracium spp. Hawkweed 211 1.06
Asteraceae Rudbeckia hirta Black-eyed Susan 0.07 0.08
Asteraceae Senecio aureus Golden Ragwort 0.01 0.08
Asteraceae Solidago bicolor Silverrod 0.01 0.02
Asteraceae Solidago graminifolia Goldenrod, Grass-leaved 123 0.77
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Appendix la. Continued.

Family Scientific Name Common Name Mowed Unmowed
Asteraceae Solidago rugosa Goldenrod, Wrinkle-leaved 8.99 559
Asteraceae Solidago uliginosa Goldenrod, Bog 5.77 11.00
Asteraceae Tragopogon pratensis Yellow Goat's Beard 0.01 011
Caryophyllaceae Dianthusarmeria Deptford Pink 0.01 0
Caryophyllaceae Sellaria graminea Lesser Stitchwort 0.75 014
Caryophyllaceae Stellarialongifolia Longleaf Stitchwort 0.01 0
Cruciferae Brassica rapa Bird’ s Rape 0.01 tr
Cyperaceae Carex spp. Sedge 059 146
Cyperaceae Scirpus atrocinctus Bulrush 0.01 0.05
Ericaceae Vaccinium spp. Blueberry 0.28 514
Fabaceae Trifoliumagrarium Clover, Yellow Hop 0.73 024
Gentianaceae Gentiana clausa Closed Gentian 0.26 0.02
Gramineae Agrostis alba Redtop 423 135
Graminese Anthoxanthum odoratum Sweet Vernal Grass 731 459
Gramineae Dactylis glomerata Orchard Grass 5.00 6.20
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Appendix la. Continued.

Family Scientific Name Species Mowed Unmowed
Graminege Festuca eliator Fescue 320 207
Graminege Holcus lanatus Velvet Grass 4.66 141
Gramineae Lolium perenne Eastern Rye Grass 3.70 140
Gramineae Panicum clandestinum Deertongue 021 023
Gramineae Phalaris arundinacea Reed Canary Grass 8.76 7.18
Gramineae Phleum pratense Timothy 5.39 318
Hypericaceae Hypericum densiflorum Glade St. John's-Wort 0.33 8.44
Hypericaceae Hypericum ellipticum Elliptic leaved St. John's-Wort 0 0.02
Juncaceae Juncus effusus Common Rush 0.50 209
Iridaceae Sisyrinchium spp. Blue-eyed Grass 0.19 0.05
Labiatae Mentha spp. Mint 0.09 0.07
Labiatae Prunella vulgaris Heal-dl 0.77 017
Labiatae Satureja vulgaris Field Basil 049 0.16
Labiatae Stachys palustris Marsh Woundwort 0.01 0
Leguminosae Lotus corniculatus Birdfoot Trefoil 249 0
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Appendix la. Continued.

Family Scientific Name Species Mowed Unmowed
Leguminosae Medicago sativa Alfafa 0.01 Tr
Leguminosae Trifolium pratense Clover, Red 0.76 0.56
Leguminosae Trifolium repens Clover, White 0.32 Tr
Lycopodiaceae Lycopodium flabelliforme Groundpine 0 013
Lycopodiaceae Lycopodium spp. Clubmoss 167 267
Onagraceae Oenothera perennis Small Sundrops 0.01 0.05
Oxalidaceae Oxalisstricta European Y ellow Wood Sorrel 047 031
Plantaginaceae Plantago virginica Plantain, Buck 0.14 0.07
Polygalaceae Polygala sanguinea Rose polygala 0.35 0.08
Polypodiaceae Pteridiumaquilinum Bracken Fern 0.02 054
Polygonaceae Rumex acetoselia Field Sorrel, Sheep Sorrel 043 0.18
Ranunculaceae Ranunculus spp. Buttercup 174 090
Rosaceae Crataegus sp. Hawthorne 0 0.05
Rosaceae Fragaria spp. Wild Strawberry 160 0.38
Rosaceae Potentilla spp. Cinquefoil 5.98 6.11
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Appendix la. Continued.

Family Scientific Name Species Mowed Unmowed
Rosaceae Rubus spp. Dewberry 0.88 6.01
Rosaceae Spiraea alba Narrow-leaved M eadowsweet 123 287
Rosaceae Rubus spp. Blackberry 0.05 0
Rubiaceae Galium mollugo Bedstraw, White 0.04 092
Rubiaceae Houstonia caerulea Bluet 0.18 0.08
Rubiacese Taraxacum officinale Dandelion 048 064
Salicaceae Salix sericea Willow, Silky 0.27 055
Scrophulariaceae Linariavulgaris Y ellow Toadflax 0.01 0
Violaceae Viola papilionacea Common Blue Violet 0 0.02
Litter 165 112
Bare Ground 0.14 0.57
Polytrichum Lichen 0.26 241
Wood 0 0.03




Appendix Ib. Vegetation (%) (Strausbaugh and Core 1977) found on mowed and unmowed trestments within hayfields and pastures

on the Canaan Valey Nationd Wildlife Refuge, Tucker County, West Virginia 2000.

Hayfields Pastures

Family Scientific Name Species Mowed Unmowed Mowed Unmowed
Apiaceae Daucus carota Queen Anne's Lace 0 054 049 013
Apiaceae Zizia aptera Golden Alexanders 0 0 0 0
Asclepidaceae Asclepias syriaca Common Milkweed 0.06 0.03 0.07 018
Asteraceae Achillea millefolium Yarrow 6.53 427 155 048
Asteraceae Anaphalis margaritacea Pearly Everlasting 0 0.04 0 0
Asteraceae Aster spp. Aster 004 004 0.07 0.02
Asteraceae Chrysanthemum |eucanthemum Oxe-eye Daisy 226 169 176 024
Asteraceae Cirsium spp. Thistle 0.08 021 0.49 022
Asteraceae Erigeron pulchellus Daisy Fleabane 0.15 0.12 0.07 0
Asteraceae Rudbeckia hirta Black-eyed Susan 0.07 0.07 0.07 0.08
Asteraceae Hieracium spp. Hawkweed 223 1.00 134 108
Asteraceae Senecio aureus Golden Ragwort 0.01 0.14 0 0
Asteraceae Solidago graminifolia Goldenrod, Grass-leaved 104 0.90 211 057
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Appendix Ib. Continued.

Hayfields Pastures

Family Scientific Name Common Name Mowed Unmowed Mowed Unmowed
Asteraceae Solidago rugosa Goldenrod, Wrinkle-leaved 7.58 7.04 1548 3.65
Asteraceae Solidago uliginosa Goldenrod, Bog 6.82 8.37 0 1349
Asteraceae Tragopogon pratensis Yellow Goat's Beard 0.01 0.19 0 0
Caryophyllaceae Dianthusarmeria Deptford Pink 0 0 0.07 0
Caryophyllaceae Stellaria graminea Lesser Stitchwort 0.69 022 0.99 0.03
Caryophyllaceae Stellarialongifolia Longleaf Stitchwort 0 0 0.07 0
Cruciferae Brassica rapa Bird’s Rape 0.01 0.01 0 0
Cyperaceae Carex spp. Sedge 044 071 127 226
Cyperaceae Scirpus atrocinctus Bulrush 0.01 0.01 0 0.10
Ericaceae Vaccinium spp. Blueberry 033 168 0 8.87
Fabaceae Trifolium agrarium Clover, Yellow Hop 0.73 0.36 0.63 0.08
Gentianaceae Gentiana clausa Closed Gentian 0.30 0.03 0 0
Graminege Agrostis alba Redtop 387 144 5.70 118
Graminese Anthoxanthum odoratum Sweet Vernal Grass 711 301 7.74 6.18
Graminege Dactylis glomerata Orchard Grass 556 6.81 176 519
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Appendix Ib. Continued.

Hayfields Pastures
Family Scientific Name Species Mowed Unmowed Mowed Unmowed
Gramineae Danthonia compressa Allegheny Flyback Grass 6.30 6.94 3.80 534
Gramineae Festuca eliator Fescue 163 136 1091 279
Gramineae Holcus lanatus Velvet Grass 390 150 8.16 124
Gramineae Lolium perenne Eastern Rye Grass 3 209 218 04
Graminege Panicum clandestinum Deertongue 0.15 0.25 049 0.19
Graminege Phalaris arundinacea Reed Canary Grass 10.35 1312 0
Graminege Phleum pratense Timothy 452 321 9.36 298
Hypericaceae Hypericum densiflorum Glade St. John's-Wort 035 525 021 11.69
Hypericaceae Hypericumellipticum Elliptic leaved St. John’s-Wort 0 0 0 0.05
Iridaceae Sisyrinchium spp. Blue-eyed Grass 0.06 0 084 011
Juncaceae Juncus effusus Common Rush 0.53 155 0.35 261
Labiatae Mentha spp. Mint 0.06 011 0.07 0.02
Labiatae Prunella vulgaris Heal-dl 0.76 0.29 0.77 0.03
Labiatae Satureja vulgaris Field Basil 055 0.22 0.14 0.08
Labiatae Stachys palustris Marsh Woundwort 0 0 0.07 0
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Appendix Ib. Continued.

Hayfields Pastures

Family Scientific Name Species Mowed Unmowed  Mowed Unmowed
L eguminosae Lotus corniculatus Birdfoot Trefail 0.04 0 0 0

L eguminosae Medicago sativa Alfdfa 0.01 0 0 0.02
L eguminosae Trifoliumrepens Clover, White 0.12 0.01 127 0

L eguminosae Trifolium pratense Clover, Red 084 1.00 0.28 0.03
Lycopodiaceae Lycopodium flabelliforme Groundpine 0 0.01 0 0.25
Lycopodiaceae Lycopodium spp. Clubmoss 198 137 0 403
Onagraceae Oenothera perennis Small Sundrops 0 0.04 0.07 0.05
Oxalidaceae Oxalis stricta European Y ellow Wood Sorrel 040 0.24 0.77 0.38
Plantaginaceae Plantago virginica Plantain, Buck 017 012 0 0

Polygalaceae Polygala sanguinea Rose polygala 040 0.14 0.07 0

Polygonaceae Rumex acetoselia Field Sorrel, Sheep Sorrel 0.50 017 0.07 0.19
Polypodiaceae Pteridiumaquilinum Bracken Fern 0 0.10 014 102
Ranuncul aceae Ranunculus spp. Buttercup 176 141 155 0.27
Rosaceae Crataegus sp. Hawthorne 0 0.08 0 0.02
Rosaceae Fragaria spp. Wild Strawberry 151 0.61 197 0.10
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Appendix Ib. Continued.

Hayfields Pastures
Family Scientific Name Common Name Mowed Unnowed Mowed Unmowed
Rosaceae Potentilla spp. Cinquefoil 5.59 9.86 753 148
Rosaceae Rubus spp. Dewberry 0.86 122 0.91 1121
Rosaceae Spiraea alba Narrow-leaved M eadowsweet 145 259 0 34
Rosaceae Blackberry 0.01 0 021 0.02
Rubiaceae Galium mollugo Bedstraw, White 220 0.96 3.80 0.83
Rubiaceae Houstonia caerulea Bluet 021 0.06 0 0.10
Rubiaceae Taraxacum officinale Dandelion 0.39 0.68 091 0.57
Salicaceae Salix sericea Willow, Silky 0.32 101 0 0
Scrophulariaceae Linariavulgaris Y ellow Toadflax 0.01 0 0 0
Violaceae Viola papilionacea Common Blue Violet 0 0.03 0 0
Litter 172 159 120 053
Bare Ground 0.15 0.68 0.07 041
Polytrichum Lichen 0.30 122 0 3.66
Wood 0 0 0 0.05
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Appendix Ic. Vegetation (%) (Strausbaugh and Core 1977) found on hayfields and pastures on the Canaan Valey Nationd Wildlife

Refuge, Tucker County, West Virginia 1999-2000.

1999 2000
Family Scientific Name Species Hayfields Pastures Hayfields Pastures
Apiaceae Daucus carota Queen Anne'sLace 034 0 054 0.13
Asclepidaceae Asclepias syriaca Common Milkweed 0.05 0 0.03 018
Asteraceae Achillea millefolium Y arrow 6.46 318 427 048
Asteraceae Anaphalis margaritacea Pearly Everlasting 0 0 004 0
Asteraceae Aster spp. Aster 012 0.30 004 0.02
Asteraceae Chrysanthemum 146 0.22 169 024
leucanthemum Oxe-eye Daisy

Asteraceae Cirsium spp. Thistle 0.19 0.29 021 022
Asteraceae Erigeron pulchellus Daisy Fleabane Tr 0 0.12 0
Asteraceae Hieracium spp. Hawkweed 0.15 0 1.00 1.08
Asteraceae Rudbeckia hirta Black-eyed Susan 0.01 0.02 0.07 0.08
Asteraceae Senecio aureus Golden Ragwort 0 0.05 014 0
Asteraceae Solidago bicolor Silverrod 0 0.01 0 0.05
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Appendix Ic. Continued.

2000
Family Scientific Name Species Hayfields Pastures Hayfields Pastures
Asteraceae Solidago graminifolia Goldenrod, Grass-leaved 112 203 0.90 057
Asteraceae Solidago rugosa Goldenrod, Wrinkle-leaved 532 6.25 704 3.65
Asteraceae Solidago uliginosa Goldenrod, Bog 6.42 13.60 8.37 1349
Asteraceae Tragopogon pratensis Yellow Goat's Beard 004 0 0.19 0
Caryophyllaceae Dianthusarmeria Deptford Pink Tr 0 0 0
Caryophyllaceae Stellaria graminea L esser Stitchwort 0.02 0 022 0.03
Caryophyllaceae Stellarialongifolia Longleaf Stitchwort 0 0 0 0
Cruciferae Brassicarapa Bird's Rape 0 0 0.01 0
Cyperaceae Carex spp. Sedge 107 2.39 071 226
Cyperaceae Scirpus atrocinctus Bulrush 0 0 0.01 0.10
Ericacese Vaccinium spp. Blueberry 1.09 114 168 8.87
Fabaceae Trifolium agrarium Clover, Yellow Hop 0.38 0 0.36 0.08
Gentianaceae Gentiana clausa Closed Gentian 0 0 0.03 0
Graminese Agrostis alba Redtop 018 124 144 118
Graminese Anthoxanthum odoratum Sweet Vernal Grass 0.08 431 301 6.18
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Appendix Ic. Continued.

1999 2000

Family Scientific Name Common Name Hayfields Pastures Hayfields Pastures
Gramineae Dactylis glomerata Orchard Grass 6.35 162 6.81 519
Gramineae Danthonia compressa Allegheny Flyback Grass 0.44 169 6.94 534
Graminese Festuca eliator Fescue 0 0 1.36 279
Graminese Holcus lanatus Velvet Grass 0.28 188 150 124
Gramineae Lolium perenne Eastern Rye Grass 0.32 041 209 04
Gramineae Panicum clandestinum Deertongue 0 0.02 025 0.19
Gramineae Phalaris arundinacea Reed Canary Grass 11.93 0 1312 0
Graminese Phleum pratense Timothy 199 584 321 298
Graminese Poa palustris Bluegrass 240 0.02 0 0
Graminese Bromus spp. Smooth Brome 0.20 0.20 0 0
Hypericaceae Hypericumdensiflorum  Glade St. John's-Wort 428 10.30 525 11.69
Hypericaceae Hypericum ellipticum Elliptic leaved St. John's-Wort 0 0.07 0 0.05
Iridaceae Sisyrinchium spp. Blue-eyed Grass 0.01 0.32 0 011
Juncaceae Juncus effusus Common Rush 011 0.62 155 261
Labiatae Mentha spp. Mint 013 106 011 0.02
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Appendix Ic. Continued.

2000

Family Scientific Name Common Name Hayfields Pastures Hayfields Pastures
Labiatae Prunella vulgaris Heal-all 0.10 0.07 0.29 0.03
Labiatae Saturejavulgaris Field Basil 0.28 0.04 022 0.08
Labiatae Stachys palustris Marsh Woundwort 0 0 0 0
Leguminosae Lotus corniculatus Birdfoot Trefoil 0 0 0 0
Leguminosae Medicago sativa Alfdfa Tr 0 0 0.02
Leguminosae Trifolium pratense Clover, Red 0.68 0.07 1.00 0.03
Leguminosae Trifoliumrepens Clover, White 0 0 0.01 0
Lycopodiaceae Lycopodium flabelliforme Groundpine 0 0.16 0.01 0.25
Lycopodiaceae  Lycopodium spp. Clubmoss 548 456 137 403
Onagraceae Oenothera perennis Small Sundrops 0.07 0 004 0.05
Oxaidaceae Oxalis stricta European Y ellow Wood Sorrel 0.16 0.37 024 0.38
Plantaginaceae = Plantago virginica Plantain, Buck 015 0.48 0.12 0
Polygalaceae Polygala sanguinea Rose polygala 0 0 014 0
Polygonaceae Rumex acetoselia Field Sorrel, Sheep Sorrel 0 0 017 0.19
Polypodiaceae Pteridiumaquilinum Bracken Fern 0.02 0.12 0.10 102
Ranunculaceae  Ranunculus spp. Buttercup 0.17 0.38 141 0.27
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Appendix Ic. Continued.

1999 2000

Family Scientific Name Species Hayfields Pastures Hayfields Pastures
Rosaceae Crataegus sp. Hawthorne 0 0 0.08 0.02
Rosaceae Fragaria spp. Wild Strawberry 033 234 0.61 0.10
Rosaceae Potentilla spp. Cinquefoil 1112 420 9.86 148
Rosaceae Rubus spp. Dewberry 055 241 122 1121
Rosaceae Spiraea alba Narrow-leaved M eadowsweet 190 7.56 259 304
Rosaceae Blackberry 0 0 0 0.02
Rubiaceae Galium mollugo Bedstraw, White 361 202 0.96 0.83
Rubiaceae Houstonia caerulea Bluet 0.08 0.26 0.06 0.10
Rubiaceae Taraxacum officinale Dandelion 0.62 114 0.68 0.57
Salicaceae Salix sericea Willow, Silky 043 0.04 101 0
Scrophulariaceae Linariavulgaris Y ellow Toadflax 0 0 0 0
Violaceae Viola papilionacea Common Blue Violet 0.02 0 0.03 0
Apaciae Zizia aptera Golden Alexander 004 0.05 0 0

Litter 20.66 1355 159 053

Bare Ground 048 109 0.68 041
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Appendix Ic. Continued.

1999 2000
Family Scientific Name Common Name Hayfields Pastures Hayfields Pastures
Polytrichum Lichen 0.09 0 122 3.66
Wood 0 0 0 0.05
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Appendix 1. Maximum number of birds during aweekly bird surveys on 6 grasdand plots on the Canaan Valey Nationd Wildlife

Refuge, Tucker County, West Virgnia1999-2000. All scientific and common names of birds follow the nomenclature of the

American Ornithologists Union (1998).

1999 2000
Hayfieds Pastures Hayfidds Pastures

Species ScientificName  Bedl Harper Thompson  Cortland  Freeland  Hertz Bedll Harper  Thompson Cortland Freeland  Hertz
Bobolink Dolichonyx 4 0 70 0 145 0 4 8 12 3 29 0

oryzivorus
Savannah Passerculus 11 1 6 3 4 8 7 2 6 2 2 4
sparrow sandwichensis
Eastern Sturnellamagna 21 2 2 0 5 0 7 2 3 0 4 0
meadowlark
Red-winged Agelaius 0 3 11 0 5 3 2 7 7 1 4 0
blackbird phoeniceus
Grasshopper Ammodramus 0 0 0 0 0 0 3 2 0 0 0 0
sparrow savannarum
Vesper sparrow  Pooecetes 0 0 0 0 0 1 0 0 0 0 0 0

gramineus
Chipping Spizella 0 0 0 0 0 5 0 0 0 1 0 1
sparrow passerina
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Appendix I1. Continued.

1999 2000
Hayfidds Pestures Hayfidds Pestures
Species Scientific Name Bedll Harper Thompson  Cortland  Freeland Hertz Bedll Harper Thompson Cortland Freeland  Hertz
Field sparrow  Spizellapusilla 0 0 0 0 0 1 0 1 0 1 0 0
Eastern Piplio 0 0 0 0 0 0 0 0 0 0 0 1
towhee erythrophthal mus
Indigo bunting  Passerina cyanea 0 0 0 1 0 0 0 1 0 0 0 0
Song sparrow  Melospiza melodia 0 0 0 0 0 0 2 0 1 1 0
Canadagoose  Branta Canadensis 0 0 2 0 0 0 0 0 19 0 0 0
Mallard Anas platyrhynchos 0 0 0 0 0 0 0 0 1 0 0 0
Wild turkey Meleagris 0 0 0 0 0 0 7 0 0 0 0 0
gallopavo
Northern Circus cyaneus 0 0 0 0 0 0 1 0 0 0 0 0
harrier
Ruby-throated  Archilochus 0 0 0 0 0 0 0 0 0 1 0 0
hummingbird colubris

111



Appendix 1. Continued.

1999 2000
Hayfields Pastures Hayfidds Pastures
Species ScientificName  Bedl Harper Thompson  Cortland  Freeland  Hertz Bedll Haper Thompson Cortland Freeland  Hertz
Northern Flicker ~ Colaptesauratus  ( 0 2 0 0 2 2 0 0 1 0 0
Americancrow  Corvus 0 0 0 0 0 0 0 0 0 1 0 0
brachyrhynchos
Carolinawren Thryothorus 0 0 0 0 2 0 0 0 1 0 0
ludovicianus
Gray catbird Dumetella 0 0 0 0 0 0 0 0 0 2 0 0
carolinensis
Eastern bluebird ~ Sialia sialis 0 0 0 0 0 0 0 0 0 1 0 0
Americanrobin ~ Turdus 0 0 0 0 0 0 1 0 0 0 0 0
migratorius
Cedar waxwing ~ Bombycilla 0 0 0 0 0 0 0 2 0 0 0 0
cedrorum
Red-eyedvireo  Vireo olivaceus 0 0 0 0 0 0 0 0 0 1 0 0
Common Geothlypis 0 0 3 1 0 4 0 0 1 1 1 1
yellowthroat trichas
American Carduelistristis 0 0 0 1 0 1 0 0 0 1 0 0
goldfinch

112



Appendix 1. Continued.

1999 2000
Hayfields Pastures Hayfidds Pastures
Species ScientificName  Beall Harper Thompson  Cortland  Freeland  Hertz =~ Bedl Harper Thompson Cortland  Freeland  Hertz
Northern Cardinalis 0 0 0 0 0 0 0 0 0 1 0 0
cardinal cardinalis
Turkey vulture  Cathartesaura 0 0 0 0 0 0 0 0 0 0 0 4
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Appendix Illa Breeding grasdand bird dengity (number/ha), diversity, and richness by treatment and month for hayfields on the

Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia 2000.

Mowed Unmowed 3-way interaction®
F-value  P-vaue
May June July August May June July August

Species X SE X SE X SE X SE X SE X SE X SE X SE
Overdl 067 031 08 024 143 066 043 0.28 115 047 128 055 222 017 152 078 0.16 0.920
Bobolink 02 020 018 013 036 024 0 0 010 008 018 018 052 026 034 029 041 0.747
Eastern 020 009 02 013 019 o011 034 0.24 019 004 008 005 034 02 028 01219 0.33 0804
meadowlark
Savannah 016 004 029 017 038 020 0.10 0.05 036 016 032 016 05 015 048 024 0.35 0.793
sparrow
Diversity 040 007 034 017 053 004 015 0.08 051 012 048 010 05 006 031 016 0.13 0941
Richness 081 015 050 025 104 026 0.29 015 093 010 092 010 118 019 o061 015 0.08 0.969

2 Results of trestments* habitat types* month interactions (df = 3, 28).
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Appendix 11b. Breeding grasdand bird density (number/ha), diversity, and richness by treatment and month for pastures on the

Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia 2000.

Mowed Unmowed 3way interaction®

F-value P-value

May June July August May June July August
Species "X SE "X SE "X SE X SE "X SE "X SE "X SE "X SE
Overal 138 028 192 055 223 010 076 049 060 045 203 107 281 217 038 031 0.16 0.920
Bobolink 037 037 043 043 08 067 013 013 043 043 123 123 237 237 017 017 041 0.747
Eastern 019 019 023 023 007 007 0 0 0 0 013 013 0 0 0 0 0.33 0.804
meadowlark
Savannah 011 011 020 007 0 0 0 0 008 001 042 026 035 018 021 015 0.35 0.793
sparrow
Diversity 074 017 070 012 063 032 037 009 037 008 042 008 039 014 010 010 0.13 0.941
Richness 169 063 155 048 170 09 070 017 112 019 162 038 148 002 060 021 0.08 0.969

3 Results of treatments™habitat types* month interactions (df = 3, 28).
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Appendix Illc. Breeding grasdand bird density (number/ha), diversity, and richness by month for hayfields and pastures on the

Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, 2000.

Hayfields Pastures 2-way interaction®

May June July August May June July August F-value P-value
Species X SE X SE X SE X SE X SE X SE X SE X SE
Overdll 091 027 108 028 18 035 098 04 091 032 19 061 258 120 053 025 0.77 0520
Baobolink 016 010 018 010 04 016 017 0315 041 027 092 o067 174 137 015 010 0.29 0.835
Eastern 019 005 015 007 026 012 031 014 007 007 017 010 003 003 0 0 107 0.970
meadowlark
Savannah 026 009 030 011 046 012 029 014 00©® 004 03 015 021 013 013 010 0.87 0.469
sparrow
Diversity 046 007 041 009 054 003 023 009 052 011 054 009 049 014 021 009 043 0.731
Richness 08 009 071 015 111 015 045 012 135 026 159 026 157 029 064 013 101 0401

? Results of habitat type* month interactions (df = 3, 28).
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Appendix I11d. Breeding grasdand bird density (number/ha), diversity, and richness by month for mowed and unmowed treatments on

the Canaan Valley Nationd Wildlife Refuge, Tucker County, West Virginia 2000.

Mowed Unmowed 2-way interaction ®

May June July August May June July August F-value  P-value
Species X SE X SE X SE X SE "X SE X SE X SE X SE
Overall 067 031 087 024 143 066 043 028 138 028 192 05 223 010 076 049 o011 0.953
Bobolink 028 017 028 017 054 027 005 005 027 021 0717 05 145 115 025 015 032 0814
Eastern 020 008 023 010 014 007 020 015 009 005 010 006 017 013 024 011 o008 0970
meadowlark
Savannah 014 004 025 010 023 014 006 004 02 010 037 014 045 011 035 014 066 0584
sparrow
Diversity 054 010 049 014 057 011 023 008 044 007 045 006 048 008 020 010 009 0.963
Richness 116 030 092 033 131 036 046 014 103 0112 127 024 133 011 060 011 056 0.645

& Results of treatment * month interactions (df = 3, 28).
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Appendix Ille. Breeding grasdand bird density (number/ha), diversity, and richness by habitat types and month for 1999 on the

Canaan Valley Nationd Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Hayfields Pastures 3-way interaction®
May June July August May June July August F- P-
value value
X SE X SE X SE X SE "X SE X SE X SE X SE

Species
Overdl 191 071 520 127 900 38 667 667 235 079 568 218 2028 1428 1492 1423 04 0.657
Bobolink 020 020 014 014 100 095 333 333 042 042 046 046 389 3.89 7.02 7.02 0.10 0.960
Eastern 043 036 041 015 04 023 0 0 011 011 007 007 005 0.05 0.25 0.25 171 0.185
meadowlark
Savannah 044 015 046 020 042 019 002 002 027 027 069 024 0.09 0.06 0.07 0.07 0.27 0.849
sparrow
Diversity 037 012 041 011 030 002 003 003 033 017 043 02 039 012 0.04 0.04 013 0.940
Richness 070 025 08 043 070 025 018 012 074 006 108 026 135 053 0.28 0.19 0.36 0.782

#Results of years™ habitat types™ month interactions (df = 3, 28)
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Appendix [11f. Breeding grasdand bird density (number/ha), diversity, and richness by habitat types and month for 2000 unmowed

trestments on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Hayfidds Pastures 3way
interaction ®
May June July August May June July August F- P-value
value
Species X SE X SE X SE X SE X SE X SE X SE X SE
Overal 115 047 128 055 222 017 152 078 060 045 203 107 28 217 038 031 04 0.657
Bobolink 010 008 018 018 052 026 034 029 043 043 124 113 237 237 017 017 0.10 0.960
Eastern 019 005 015 007 026 012 03 014 007 007 017 010 003 003 0 0 171 0.185
meadowlark
Savannah 036 016 032 016 05 015 048 024 008 001 042 026 035 018 021 015 027 0.849
sparrow
Diversity 046 007 041 009 054 003 023 009 052 011 054 009 049 014 022 009 013 0.940
Richness 087 009 071 015 111 015 045 012 135 026 159 026 157 029 064 013 036 0.782

#Results of years™ habitat types™ month interactions (df = 3, 28).
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Appendix I11g. Breeding grasdand bird density (number/ha), diversity, and richness by habitat types and month for 1999 and 2000 on

the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia, May-August 1999-2000.

1999 2000
2-way interaction®
May June July August May June July August F-value P-
value

Species X SE X SE X SE X SE X SE "X SE ‘x SE X SE
Overdl 213 049 544 113 1464 707 1079 727 165 05 165 05 252 098 09 045 050 0.683
Bobolink 031 021 030 023 245 191 518 357 027 021 071 05 145 115 025 016 0.05 0.983
Eastern 027 018 024 011 025 014 012 012 004 004 016 006 015 007 017 009 0.34 0.796
meadowlark
Savannah 035 014 057 015 025 012 005 003 02 010 037 014 045 011 035 014 184 0.160
sparrow
Diversity 035 009 042 011 035 006 003 002 048 006 047 007 052 006 022 006 0.24 0.865
Richness 072 012 098 023 102 030 023 010 109 014 111 019 132 016 04 009 0.37 0.774

Results of year * month interactions (df = 3, 32).
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Appendix I1h. Breeding grasdand bird density (number/ha), diversity, and richness by habitat types and month on the Canaan Vdley

Nationa Wildlife Refuge, Tucker County, West Virginia, May- August,1999-2000.

Pasture Hayfidd
2-wa)
interaction ®
May June July August May June July August F- P-
value vaue
Species X SE X SE X SE X SE "X SE X SE X SE X SE
Overal 147 057 38 136 1154 75 765 715 153 042 324 107 561 228 409 321 005 0.934
Bobolink 043 027 08 057 313 207 359 359 015 010 016 010 076 045 184 164 029 0.835
Eastern 009 006 013 007 004 002 009 009 027 011 024 008 032 010 021 010 088 0.464
meadowlark
Savannah 017 013 05 017 022 010 014 008 040 010 039 012 049 011 025 015 145 0.247
sparrow
Diversity 043 006 041 007 046 005 016 007 044 009 050 009 045 009 014 006 043 0.731
Richness 081 010 077/ 016 097 014 036 009 112 019 140 020 149 02 050 012 101 0401

& Results of habitat types* month interactions (df = 3, 32).
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Appendix IVa Means (" x ), standard errors (SE), and test Satistics of vegetative variables measured on hayfiel ds between mowed and

unmowed portions on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, June- August, 2000.

Mowed Unmowed 3-way interaction®
June July August June July August Wilks F- P-value
I value

Variables *X SE *X SE *X SE X SE X SE X SE
Ground 0914 - 0.937
Cover (%)

Canopy 62.36 310 7526 328 024 204 6033 150 7835 180 857 394

Litter 31.23 4.82 1964 6.86 7.20 214 3485 364 1785 425 1150 317

Bare 6.47 5.78 5.10 399 255 203 487 406 379 2.82 3.00 275

Ground
Growth 0910 - 0.747
State (%)

Live 6191 2.83 7392 246 8362 517 5791 111 7555 139 7890 470

Dead 0.52 0.29 134 117 329 0.65 2.37 08 281 0.52 6.67 112
Vegetative 0955 - 0.989
Cover (%)

Forbs 30.01 4.27 3790 207 3955 589 2462 423 3669 465 3645 356

Grasses 3203 114 3608 455 4549 191 3366 349 3843 432 4563 486

Wood 0.32 0.24 111 111 181 181 200 200 323 319 349 349
Vertica 858 043 1629 284 2000 304 1176 152 2381 7.72 2831 552 @ 0.02 0978
Density
(cm)
Maximum 24.05 119 5283 224 5923 266 2064 253 5505 431 638 557 @ - 0.09 0.919
Height (cm)
Litter Depth 222 013 206 0.50 150 0.23 364 067 323 0.22 252 051 - 011 0.89
(cm)

aResults of treatments™ habitat types* months (df = 3, 21).
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Appendix IVb. Means (" x ), standard errors (SE), and test statistics of vegetative variables measured on pastures between mowed and

unmowed portions on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, June- August, 2000.

Mowed Unmowed 3-way interaction®
June July August June July August Wilks F- P-value
I value

Variables X SE X SE X SE *X SE X SE X SE
Ground 0914 - 0.937
Cover (%)

Canopy 7352 1169 8683 516 9189 572 5600 843 7442 627 8456 525

Litter 2555 1145 1383 451 7.09 5.09 R292 126 1472 645 9.30 305

3

Bare 0.88 0.28 0.35 0.35 0.87 047 1112 999 1114 945 6.13 5.69

Ground
Growth 0910 - 0.747
State (%)

Live 73.02 1229 8626 506 9114 497 5442 732 4761 2401 8168 383

Dead 0 0 057 0.10 0.75 0.75 108 071 276 175 2.88 202
Vegetative 0955 - 0.989
Cover (%)

Forbs 3204 047 449% 022 4622 262 2814 169 4319 689 4653 805

Grasses 41.45 1135 4187 537 4512 879 297 874 2622 1247 3150 1277

Wood 0.09 0.09 0 0 050 050 490 490 502 502 6.55 5.98
Vertica 1232 392 2819 1042 3024 1151 1141 28 2830 544 3R29 754 @ —- 0.02 0978
Density
(cam)
Maximum 3201 691 7009 58 7291 881 3089 666 608L 1060 7058 949 - 0.09 0919
Height (cm)
Litter Depth 172 0.36 164 0.16 0.94 0.56 243 020 243 017 176 009 - 011 0.89
(cm)

aResults of treatments™ habitat types* months (df = 3, 21).
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Appendix IVc: Means (" x ), standard errors (SE), and test satistics of vegetative variables measured between hayfields and pastures

for on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, June- August, 2000.

Hayfields Pasture 2-way interaction’
June July August June July August Wilks F- P-
| vdue vdue

Variables T X SE T X SE T X SE T X SE T X SE T X SE
Ground 09773 - 0.998
Cover

Canopy 6135 161 7681 181 8791 224 6301 731 7938 487 8749 384

Litter B4 28 1875 363 935 1% 2997 801 1436 382 842 2.38

Bare 5.67 318 445 220 278 153 703 602 683 58L 403 3.38

Ground
Growth 0955 - 0.920
State

Live 50.91 163 7473 131 8126 330 6186 720 6307 162 8546 350

8

Dead 144 0.58 2.07 0.66 498 0.95 0.65 0.47 1.88 1.10 2.03 1.25
Vegetative 0962 - 0.993
Cover

Forbs 2732 295 3730 229 3800 316 2970 134 4389 380 4640 449

Grasses 32.84 1.68 3726 286 455 233 3036 750 3248 802 3695 8.23

Wood 116 0.98 217 158 265 180 297 293 301 301 413 3.60
Vertical 10.17 1.00 2005 405 2420 337 1177 201 2825 444 3147 553 - 0.33 0.725
Density
(cm)
Maximum 26.85 177 5396 223 6154 295 3134 426 6452 650 7151 593 - 0.04 0.963
Height (cm)
Litter Depth 2.93 0.44 2.64 0.36 201 0.34 214 0.23 212 0.22 143 027 - 0.16 0.857
(cm)

aResultsof habitat types* months (df = 3, 21).



Appendix IVd: Means (" x ), andard errors (SE), test statistics of vegetative variables measured between mowed and unmowed

trestments on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia, June-August, 2000.

Mowed Unmowed 2-way interaction®
June July August June July August Wilks P-
I F-value  vaue

Variables X SE X SE X SE X SE X SE X SE
Ground 084 - 0.790
Cover

Canopy 6682 490 7988 373 9090 216 5817 395 7639 305 807 294

Litter 2896 469 1731 426 716 199 338 58 1629 353 1040 203

Bare 423 345 320 248 188 120 800 502 747 471 457 291

Ground
Growth 0978 - 0.974
State

Live 6635 499 788 368 8663 373 5616 340 6158 124 8029 278

4

Dead 0.31 020 103 o067 227 0.75 172 057 279 08 478 133
Vegetative 094 - 0.968
Cover

Forbs 3082 239 4072 207 4222 371 2638 219 3094 399 4149 4H54

Grasses 3580 431 3840 333 4534 297 2831 484 3232 651 3856 683

Wood 0.23 015 067 067 128 105 345 245 412 269 502 317
Vertica 1008 156 21.05 466 2415 471 1159 145 2606 434 3030 427 - 0.07 0.936
Density
(cam)
Maximum 2723 300 5976 476 6470 459 3027 320 5793 528 672 515 @ - 033 0.724
Height (cm)
Litter Depth 202 018 18 030 127 0.26 304 042 283 02 214 029 @ - 0.04 0.962
(cm)

®Resultsof treatments * months (df = 3, 21).
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Appendix IVe. Mean (" x ), sandard error (SE), and test statistics of dl vegetative characteristics measured on hayfieds and pastures

during 1999 on the Canaan Valey Nationd Wildlife Refuge, Tucker County, West Virginia, June- August, 1999-2000.

Hayfidds Pastures 3-way interaction ®
June July August June July August Wilks F- P-value
I value

Variables "X SE “X SE “X SE "X SE X SE X SE
Ground 0913 - 0.910
Cover (%)

Canopy 60.62 344 5844 132 4716 2352 5482 652 7287 474 7447 241

Litter 3484 674 3765 45 3734 340 3625 399 2395 575 2350 426

Bare 517 4.06 0.39 0.33 0 0 913 720 308 248 173 173

Ground
Growth 0841 - 0.39%6
State (%)

Live 60.04 341 5837 131 6584 530 5450 620 7287 473 7431 226

Dead 055 0.26 0.05 0.03 0.36 0.07 049 036 001 0.01 0.24 018
Vegetative 0905 - 0.891
Cover (%)

Forbs 25.74 568 3703 420 3341 59 3167 456 4136 540 383 718

Grasses 3147 253 1610 807 3234 092 2099 564 2135 1159 2968 @ 6.15

Wood 265 2.65 174 168 162 162 204 204 681 6.81 6.44 6.44
Vertica 884 123 1230 287 1573 590 894 129 1649 311 1355 063 @ - 0.08 0919
Density
(cm)
Maximum 23.65 265 3217 306 3H98 377 2712 149 4456 308 5169 602 @ - 0.09 0.9106
Height (cm)
Litter Depth 3.37 041 311 044 333 0.59 231 008 211 0.37 253 04 0.05 0.953
(cm)

8 Results of years* habitat types* months interactions (df = 3, 24).
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Appendix IVf. Mean (" x ), standard error (SE), and test statistics of al vegetative characteristics measured on hayfidds and pastures

during 1999 on the Canaan Valey Nationd Wildlife Refuge, Tucker County, West Virginia, June- August, 1999-2000.

Hayfields Pastures 3-way interaction ®
June July August June July August Wilks F- P-value
I value

Variables TX SE “X SE “X SE "X SE X SE X SE
Ground 0913 - 0910
Cover (%)

Canopy 60.33 150 78.35 180 8557  3.94 56.00 8.43 7442 627 8456 525

Litter 34.85 3.64 17.85 4.25 1150  3.17 3292 1263 14.72 6.45 9.30 3.05

Bare 4.87 4.06 3.79 2.82 3.00 2.75 11.12 9.99 11.14 9.45 6.13 5.69

Ground
Growth 0841 - 0.396
State (%)

Live 57.91 111 7555 139 7890 470 5442 732 4761 2401 8168  3.83

Dead 2.37 0.85 2.81 0.52 6.67 1.12 1.08 071 276 1.75 2.88 2.02
Vegetative 0905 - 0.891
Cover (%)

Forbs 24.62 423  36.69 465  36.45 3.56 28.14 169 4319 6.89 4653  8.05

Grasses  33.66 349 3843 432 4563 4.86 2297 874 26.22 12.47 3150 12.77

Wood 2.00 2.00 3.23 3.19 3.49 3.49 490 490 502 5.02 6.55 5.98
Vertica 11.76 152 2381 772 2831 552 11.41 286 2830 544 3229 754 . 0.08 0.919
Density
(cm)
Maximum 29.64 253 5505 431 638 557 3089 666 6081 1060 70.58  9.49  ___. 0.09 0.9106
Height (cm)
Litter Depth 3.64 67.36  3.23 0.22 2.52 0.51 243 020 243 0.17 1.76 009 ... 0.05 0.953
(cm)

8 Results of years* habitat types* monthsinteractions (df = 3, 24).
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Appendix IVg: Mean (" x ), sandard error (SE), and test statistics of al vegetative characteristics measured during 1999 and 2000 for

each month on the Canaan Valey Nationd Wildlife Refuge, Tucker County, West Virginia

1999 2000 3-way interaction®
Wilks F- P-
June July August June July August | value value

Variables U X SE U X SE “X SE X SE T X SE T X SE
Ground 0740 - 0.330
Cover

Canopy 5772 354 6566 391 6081 1221 5817 39 7639 305 8507 29

Litter 3654 352 3080 449 3042 34 3388 58 1629 353 1040 203

Bare 715 38 174 127 087 0.87 800 502 747 471 457 291

Ground
Growth 0891 « - 0.265
State

Live 5727 340 6562 392 7008 320 5616 340 6158 1244 8029 278

Dead 052 020 003 002 030 0.09 172 057 279 0.82 478 133
Vegetative 0799 - 0523
Cover

Forbs 2871 351 3019 321 3H8 431 2638 219 3994 399 4149 4H4

Grasses 2623 362 1872 642 3101 284 2831 484 3232 651 385 6.88

Wood 235 150 428 334 403 3.16 345 245 412 2.69 502 317
Vertica 889 080 1439 211 1464 270 1159 145 2606 434 3030 427 - 147 0.250
Density
(cam)
Maximum 2538 157 3837 338 4384 474 3027 320 5793 528 672 515 @ - 177 0.192
Height (cm)
Litter Depth 284 030 261 034 293 0.40 303 042 283 022 214 029 - 2.00 0.157
(cm)

®Results of years* monthsinteractions (df = 3, 24).
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Appendix IVh: Mean (" x ), andard error (SE), and test satistics of al vegetative characteristics measured during between hayfields

and pastures for each month on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia 1999-2000.

Hayfields Pastures Wilks' | F-value P-value
June July August June July August

Variables X SE X SE "X SE X SE X SE X SE
Ground 088 - 0.841
Cover (%)

Canopy 6048 168 6840 456 6636 1369 5541 477 7365 353 7952 343

Litter 3484 343 2775 523 2442 614 3459 597 1933 438 1640 395

Bare 502 257 209 148 150 140 1013 553 711 473 393 284

Ground
Growth 03 0.849
State (%)

Live 5897 167 6696 394 7237 431 5446 429 6024 123 7800 258

2

Dead 146 057 143 066 351 150 079 038 139 100 15 108
Vegetative 088 - 0.842
Cover (%)

Forbs 2518 318 3686 28 3493 317 2091 231 4227 394 4244 516

Grasses 3257 199 2726 646 3898 370 2198 467 2378 769 3059 635

Wood 233 149 248 165 255 177 347 246 592 381 650 393
Vertica 1030 109 1805 450 2202 458 1018 151 2240 38 2292 539 @ - 0.52 0.604
Density
(cam)
Maximum 2664 212 4361 563 4992 692 2000 317 5269 613 6113 657 @ - 047 0.629
Height (cm)
Litter Depth 351 036 317 022 293 0.39 237 010 227 019 215 030 @ - 0.20 0.819
(cm)

aResults of habitat types* monthsinteractions (df = 3, 24).
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Appendix V. Vegetation (%) found a nest sites on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, 1999

2000.
Savannah Eagtern Red-winged

Family Scientific Name Common Name Overdll Bobolink  Sparrow Meadowlark ~ Blackbird
Asteraceae Achillea millefolium Yarrow 1.00 135 239 171 0
Asteraceae Chrysanthemum Oxe-eye Daisy 0 047 081 107 0

leucanthemum
Asteraceae Hieracium spp. Hawkweed 0 037 0.29 128 0
Asteraceae Solidago rugosa Wrinkle-leaved Goldenrod 5.00 9.65 105 5.67 6.70
Asteraceae Solidago uliginosa Bog Goldenrod 4.20 10.02 407 0 0
Caryophyllaceae Stellaria graminea Stitchwort 0 0.70 024 0 0.16
Cyperaceae Carex spp. Sedge 0 163 0 0 241
Ericaceae Vaccinium spp. Blueberry 0.20 0 0 0 0
Gramineae Agrostis alba Redtop 200 452 048 054 2.68
Gramineae Anthoxanthum odoratum Sweet Vernal Grass 3.00 8.62 431 107 0
Gramineae Dactylis glomerata Orchard Grass 0 1.86 7.28 6.10 0
Gramineae Danthonia compressa Mountain Oat Grass 7.00 0.47 21.64 428 054
Graminese Festuca eliator Fescue 0.60 163 0 107 0
Graminese Holcus lanatus Velvet Grass 0 0.93 158 021 107
Gramineae Lolium perenne Quackgrass 0 2.80 144 3.75 3.38
Graminege Phalaris arundinacea Reed Canary Grass 10.00 12.35 503 21.20 11.90
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Appendix V. Continued

Savannah Eagstern Red-winged

Family Scientific Name Common Name Overdl Bobolink  Sparrow Meadowlark  Blackbird
Graminese Phleum pratense Timothy 751 8.39 0.72 2.68 483
Hypericaceae Hypericumdensiflorum  St. John’s Wort 1.00 0 024 0 0
Iridaceae Sisyrinchium spp. Eastern Blue-Eyed Grass 0 0.33 0 0 0
Juncaceae Juncus effusus Common Rush 3.00 047 0 0 0.38
L eguminosae Lotus corniculatus Birdsfoot Trefail 2.00 4.66 0.48 557 0.27
L eguminosae Trifolium pratense Clover 0.40 103 0.38 0 0
Lycopodiaceae  Lycopodium spp. Moss 1.00 0 263 0 0
Oxalidaceae Oxalis stricta Sorrel 130 117 244 203 054
Plantaginaceae = Plantago virginica Plantain 1.00 224 0.10 0 0
Ranunculaceae  Ranunculus spp. Buttercup 1.00 144 053 064 0.38
Rosaceae Crataegus sp. Hawthorne 1.00 0 0.48 0 0
Rosaceae Fragaria spp. Wild Strawberry 2.00 2.70 412 139 0.80
Rosaceae Rubus spp. Dewberry 120 093 383 0 0
Rosaceae Potentilla spp. Cinquefoil 6.90 401 1853 792 0.27
Rosaceae Spiraea alba Narrow-leaved M eadowsweet 15.90 0 024 0 57.80
Rubiaceae Taraxacum officinale Dandelion 1.00 047 3.06 021 0.27
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Appendix Vla. Mean (" x ) and stlandard error (SE) of vegetative characterigtics found at bobolink nest sites and random sample
locations on the Canaan Valey Nationd Wildlife Refuge, Tucker County, West Virginia, 1999-2000. An asterisk denotes those

variables that were not entered into the discriminant function andysis model.

Nest Random F-value P-value
Variable "X SE X SE
Ground Cover Litter 940 302 11.60 270 339 0.072
Bare Ground 0 0 4.00 153 8.58 0.005
Growth State (%)  Standing Dead V egetation 452 137 1.60 0.80 4.07 0.049
Cover Type Forbs 4292 518 38.60 5.00 * *
Grass 47.68 470 43.60 557 185 0.180
Wood 0 0 220 164 * *
Vertical Density 2372 227 21.00 304 * *
Maximum Height 57.72 435 47.84 443 * *
Litter Depth 240 0.83 228 0.67 * *
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Appendix VIb. Mean (" X) and standard error (SE) of vegetative characteristics found at eastern meadowlark nest sites and random
sample locations on the Canaan Valey Nationad Wildlife Refuge, Tucker County, West Virginia 1999-2000. An asterisk denotes

those variables that were not entered into the discriminant function anaysis modd.

Nest Random F-value P-value
Varigble X SE X SE
Ground Cover Litter 19.09 6.43 25.00 855 * *
Bare Ground 0 0 455 3.66 * *
Growth State (%)  Standing Dead V egetation 12.00 346 0.82 0.05 15.24 0.0009
Cover Type Forbs 2345 5.36 37.36 852 * *
Grass 54.27 8.66 33.09 804 * *
Wood 091 091 0 0 * *
Vertical Density 20.27 274 14.64 4.49 * *
Maximum Height 56.36 6.94 37.00 6.64 18.44 0.0004
Litter Depth 445 106 1.00 0.30 6.37 0.021
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Appendix Vic. Mean (" x) and standard error (SE) of vegetative characterigtics found at savannah sparrow nest sites and random
sample locations on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia1999-2000. An asterisk denotes

those variables that were not entered into the discriminant function andyss modd.

Nest Random F-value P-value
Varigble "X SE X SE
Ground Cover Litter 1848 319 26.80 412 * *
Bare Ground 5.00 314 6.40 3.37 * *
Growth State (%)  Standing Dead V egetation 6.92 302 120 0.60 7.16 0.010
Cover Type Forbs 346 442 34.08 554 * *
Grass 44.24 461 30.60 459 355 0.066
Wood 248 163 212 119 * *
Vertical Density 1248 113 12.88 1.65 141 0.241
Maximum Height 37.92 3.80 34.60 3.06 * *
Litter Depth 292 054 248 043 * *
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Appendix VId. Mean (" X) and standard error (SE) of vegetative characteristics found at red-winged blackbird nest sites and random

sample locations on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia, 1999-2000. An asterisk denotes

those varigbles that were not entered into the discriminant function anadysis modd.

Nest Random F-value P-value
Varigble "X SE X SE
Ground Cover Litter 0.75 0.55 20.00 342 12.09 0.001
Bare Ground 0 0 14.00 584 150 0.229
Growth State (%)  Standing Dead V egetation 150 150 110 0.58 * *
Cover Type Forbs 950 517 2955 532 0.01 0924
Grass 30.85 934 29.95 474 141 0.243
Wood 58.90 110 155 0.82 10.02 0.003
5
Vertical Density 73.10 6.00 19.75 511 * *
Maximum Height 91.70 323 36.65 5.05 63.70 <0.001
Litter Depth 0.65 0.65 265 084 * *
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Appendix VId. Mean (" x ) and standard error (SE) of vegetative characterigtics found at successful and unsuccessful bobolink nest
gtes on the Canaan Vdley Nationd Wildlife Refuge, Tucker County, West Virginia, 1999-2000. An asterisk denotes those variables

thet were not entered into the discriminant function andyss modd.

Successful Unsuccessful F-value P-value
Varigble "X SE X SE
Ground Cover Litter 1393 5.00 364 152 * *
Bare Ground 0 0 0 0 * *
Growth State (%)  Standing Dead V egetation 7.86 358 3.00 113 * *
Cover Type Forbs 0.37 0.07 50.73 1.74 229 0144
Grass 49.290 6.37 4591 7.35 * *
Wood 0 0 0 0 * *
Vertical Density 27.36 2.87 19.09 324 4.20 0.052
Maximum Height 63.64 6.03 50.18 572 * *
Litter Depth 343 139 1.09 051 * *
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Appendix Vle. Mean (" X) and stlandard error (SE) of vegetative characterigtics found at successful and unsuccessful red-winged

blackbird nest sites on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia1999-2000. An asterisk denotes

those variables that were not entered into the discriminant function analysis modd.

Successful Unsuccessful F-value P-value
Varigble "X SE "X SE
Ground Cover Litter 1.00 1.00 050 050 * *
Bare Ground 0 0 0 0 * *
Growth State (%)  Standing Dead V egetation 0 0 3.00 3.00 * *
Cover Type Forbs 1750 9.81 150 150 * *
Grass 4150 13.99 20.70 12.08 * *
Wood 40.00 16.33 77.80 13.03 285 0.109
Vertical Density 68.60 9.67 77.60 7.36 * *
Maximum Height 94.10 3.39 89.30 5.60 5.89 0.027
Litter Depth 1.30 130 0 0 * *
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Appendix VIf. Mean and standard error of vegetative characteristics found at successful and unsuccessful savannah sparrow nest Sites
on the Canaan Vdley Nationa Wildlife Refuge, Tucker County, West Virginia1999-2000. An asterisk denotes those variables that

were not entered into the discriminant function andyss modd.

Successful Unsuccessful F-value P-value
Variable "X SE "X SE
Ground Cover Litter 1958 598 1754 293 * *
Bare Ground 0 0 4.23 299 179 0.196
Growth State (%)  Standing Dead V egetation 458 1.65 9.08 5.66 * *
Cover Type Forbs 36.25 537 36.24 6.78 * *
Grass 4375 7.05 40.85 6.93 230 0.144
Wood 0.01 0.01 0.01 0.01 * *
Vertical Density 12.13 141 12.77 1.80 579 0.025
Maximum Height 4583 6.93 30.62 238 460 0.043
Litter Depth 3.08 103 277 047 0.65 0430
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Appendix VII. Biomass (g) of invertebrates found on the Canaan Valey Nationd Wildlife Refuge,

Tucker County, West Virginia, 1999-2000.

Biomass
1999 2000

Order Family X SE X SE

Aranese 0.0216  0.0040 0.0179 0.0021

Coleoptera 0.0159 0.0023 0.0161 0.0019

Cantharidae

Carabidae

Chrysomelidee

Coccindlidae

Curculionidee

Elateridae

Phdacridee

Scarabeidae

Dermaptera : . 0.0082
Forficulidee

Diptera 0.0054  0.0001 0.0141 0.0023
Syrphidae

Hemiptera 0.0170  0.0025 0.0375 0.0107
Lygeeidae
Miridae
Nabidae
Pentatomidae
Reduviidee

Homoptera 0.0392  0.0075 0.0699 0.0093
Cercopidae
Cicaddllidee
Dictyopharidae
Flatidee
Membracidee

Hymenoptera 0.0056 0.0012 0.0089 0.0014
Braconidae

Formicidee
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Biomass ()

1999 2000
Order Family "X SE X SE
Ichneumonidae
Larvee 0.0192 0.0035 0.0191 0.0041
Lepidoptera 0.0108  0.0021 0.0218 0.0046
Neuroptera 0.0086  0.0046 0.0041
Chrysopidae
Orthoptera 0.0500 0.0100 0.0382 0.0117
Acrididee
Tettigonidae
Palpigrada 0.0152  0.0063
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