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Abstract:

Grassland birds have been declining at greater rates over the past 35 years than any other avian
group across North America (BBS data, 1966-2003). Several of the key priority species are
declining to the point that listing for protection under the Endangered Species Act is a possibility
if significant conservation efforts are not focused on this critical problem. Eastern military bases
are in a unique situation because these bases support many of the priority species that are at risk
and military bases also are vulnerable to major disruption if listing were to occur. Proactive
management by the military may very well help solve this problem, thereby minimizing impacts
on the primary military mission. Our research, supported in part by funding from the DoD
Legacy Resources Management Program, has been focused on helping the military develop
conservation strategies for grassland birds to mitigate potential impacts in the future. We have
demonstrated the value of military bases for supporting sustainable breeding populations of key
high priority species (e.g., Henslow’s Sparrow). Furthermore, we have demonstrated how the
needs of grassland birds are compatible with troop training needs at Fort Campbell. Finally, we
have developed a grassland bird conservation strategy for eastern military bases in general based
on our Fort Campbell experience.

In this project, we are taking a significant step by extending our research beyond the
breeding season to winter and beyond the boundaries of Fort Campbell to address
encroachment and conservation issues and opportunities on public and private lands in the
surrounding landscape.

Military installations are being threatened by encroachment. Bases become islands of wildlife
habitat, attractive to an inordinate share of threatened wildlife species because of human
development pressures in the surrounding communities. To solve this problem, we need to
promote significant conservation in the surrounding community to relieve the burden that has
been placed on the military. This project will use Fort Campbell to demonstrate how it is
possible to promote regional conservation by developing a partnership between the Army, The
Nature Conservancy, The University of Tennessee, state wildlife agencies, and USDA NRCS.
Through this partnership, we propose to determine what opportunities there are in the
surrounding community to promote grassland bird conservation and bring state and federal
assistance to targeted landowners to achieve that conservation. A Memorandum of Agreement
between Fort Campbell, The Nature Conservancy and The University of Tennessee has already
been drafted but has stalled because of military budget limitations. This project would serve as
the catalyst to get this effort started again, as well as bring in other partners. We envision this



partnership as the foundation for planning growth and development and managing encroachment
issues around Fort Campbell in the future.

The southeastern U.S. is the winter home for many high priority grassland species. Some of the

most significant patches of grassland bird wintering habitat occur on military bases. Information
on winter health and survival of grassland birds is the missing link in population assessments to

allow for accurate identification of the key bottlenecks in grassland bird populations. As part of

this project, we propose to fill some of those wintering grassland bird information gaps.

In addition, we propose to take our existing data from previous work and extend it to all eastern
military bases via an interactive website to provide land managers on every installation in the
East access to information about grassland birds that are likely to occur on their base. Significant
Legacy resources have already been spent to develop this GIS database of documented and
potential grassland habitat for birds breeding and wintering on eastern U.S. military lands. This
information can serve as a starting point for developing a management strategy for military
grasslands.

To achieve the goals of this project, we have the following specific objectives:

1) Develop a partnership among Fort Campbell, The Nature Conservancy, the University of
Tennessee, state agencies, USDA NRCS, and others and use that partnership as the
vehicle to promote grassland bird conservation on public and private lands surrounding
Fort Campbell;

2) Inventory breeding and wintering grassland bird populations and habitat within and
adjacent to Fort Campbell as a means of identifying potential cooperating landowners;

3) Use Fort Campbell as a case study to identify specific management recommendations to
meet military training needs and winter habitat requirements for declining grassland bird
species;

4) Based on our previous work and with the assistance of the DOD Partner's In Flight
coordinator, construct an interactive website of potential high priority breeding and
wintering grassland birds at bases in the eastern U.S.

PROGRESS TO DATE:

1) OBJECTIVE 1---In May 2006 grassland bird conservation in the Fort Campbell/Big
Barrens region was discussed with the Partners in Flight (PIF) Central Hardwoods
Region Joint Venture Steering Committee. Another meeting is planned for the
Southeastern PIF conference in February 2007.

2) OBJECTIVES 2 & 3---One winter (2005-06) and one breeding (2006) field season have
been completed (summary of results below). We intend on collecting data for two more
winters (2006-07 and 2007-08) and one more breeding season (2007).



3) OBIJECTIVE 4---Management recommendations and other information important for
military land managers (e.g., air strike records for each species) have been compiled for
each of the fifteen obligate grassland bird species. Composite range maps for breeding
and wintering ranges were created. Land cover maps and spatial statistics for 45 DOD
installations have been compiled and organized for website presentation. The completed
website should be fully tested and online by May 2007.

Expected Products:

1) TECHNICAL ANALYSIS- Conduct an analysis of breeding and wintering grassland bird
populations and habitats within and adjacent to Fort Campbell

2) TECHNICAL REPORT- Use Fort Campbell as a case study to identify specific
management recommendations to meet military training needs and winter habitat
requirements for declining grassland bird species

3) WEBSITE- Based on our previous work and with the assistance of the DOD  Partner's
In Flight coordinator, construct an interactive website of potential high priority breeding
and wintering grassland birds at bases in the eastern U.S.

4) TECHNICAL REPORT- Progress report 2006 (this report).

5) TECHNICAL REPORT- Final report (MS thesis) 2008.

6) PEER-REVIEWED PUBLICATIONS- At least three peer-reviewed publications are
expected to be generated by this work as a means to get the results of this effort out to the
scientific community.

Giocomo, J. J., E. D. Moss, D. A. Buehler and W. G. Minser. Accepted with revisions.
Nesting ecology of grassland birds at Fort Campbell, Kentucky and Tennessee. Wilson
Bulletin.

Giocomo, J. J. and D. A. Buehler. In Review. A graphical tool for assessing songbird
population status with an application for three grassland songbirds. The Auk.

Giocomo, J. J., E. D. Moss, D. A. Buehler, W. G. Minser and C. H. Harper. In prep.
Grassland bird nesting habitat selection at Fort Campbell Army Base, Kentucky and
Tennessee.

APPROACH

Study Site Selection

The field study is being conducted in grassland habitats on Fort Campbell Military Reservation,



a 42,000-ha base located on the Tennessee-Kentucky state line, and eight surrounding counties in
Tennessee (Stewart, Montgomery and Robertson) and Kentucky (Trigg, Christian, Todd, Logan,
and Simpson; Figure 1). This area composes much of the original Kentucky Barrens (Chester
1988), grasslands historically maintained through regular burning by Native Americans (Baskin
et al. 1994). Today grasslands on the base are maintained by burning on a 2-3 year rotation.
Prescribed fire is largely absent from the landscape surrounding the base. A series of individual
grassland sites inside and outside the base will be selected for evaluation based on size of the
patch, years since burn, presence of target species, and access restrictions.

Methods

We collected data on breeding grassland birds in the Fort Campbell, KY and TN, and the
surrounding region from May 3 to July 31, 2006. Half of our time was spent working on several
fields in Fort Campbell and the other half split between private fields in KY and two Tennessee
Wildlife Resources Agency Wildlife Management Areas, Cedar Hill Swamp and Haynes
Bottom.

Our primary focus was nest searching because many grassland bird species have well hidden
nests and secretive behavior. We specifically searched for Henslow’s Sparrow nest because it
was our primary target species. All other nests that were found while searching for Henslow’s
Sparrow nests were marked and monitored as well. Nests were visited every 3-5 days to
determine the outcome while minimizing disturbance to the birds. Nest success was estimated
using the Mayfield method (Mayfield 1975).

We also surveyed birds at each field site to estimate the density of each species using the site. All
birds were counted within a 300x300m grid (9 Ha.). If the standard plot did not fit in the fit on a
field, the entire field was surveyed. All surveys were conducted by one observer (DH) to
eliminate observer bias. Each survey was run twice and the higher of the two counts for each
species was used.

Vegetation was sampled at each nest site after the nest was completed and at several locations
within each survey plot.



Breeding Season 2006 Nest Searching Results
We found a total of 155 nests of 13 species including 20 Henslow’s Sparrow nests, our primary

species of interest (Table 1). We also found nests of three other target species: Prairie Warbler,
Field Sparrow, and Dickcissel.

Table 1. Number of nests monitored per species by ownership class.

Species Military Private TWRA Total
Field Sparrow 23 15 25 63
Prairiec Warbler 20 1 1 22
Henslow's Sparrow 18 2 0 20
Dickecissel 14 2 0 16
Indigo Bunting 7 6 2 15
Northern Cardinal 0 0 4 4
Yellow-breasted Chat 1 0 3 4
Blue Grosbeak 3 0 0 3
Common Yellowthroat 2 0 0 2
Eastern Meadowlark 2 0 0 2
Wild Turkey 1 0 1 2
Eastern Towhee 0 0 1 1
Red-winged Blackbird 0 1 0 1
Total 91 27 37 155

We calculated Mayfield nest success estimates for the five species of which the most nests were
found (Table 2). Greatest success was observed for Dickcissel and lowest for Indigo Bunting,
but there were no significant differences between any of the species analyzed. We had a
sufficiently large sample of Field Sparrow nests to calculate nest success on each of the three
land types for that species. There were no significant differences between nest success estimates
for each field type for Field Sparrow. The ability to detect differences in nest success by
ownership class or between species is limited at this point by sample sizes. Additional data from
2007 will increase the power of the analysis.



Table 2. Mayfield nest success estimates and 95% confidence intervals for five focal species. Nest exposure
days are the effective sampling unit for this analysis.

Mayfield
Species Estimate  Nest Days
Prairie Warbler 21.0£17.8% 186.5
Field Sparrow 13.8+10.2% 357.0
Military 14.8+19.6% 122.5
Private 26.8+31.9% 87.5
TWRA 8.7£10.4% 147.0
Henslow's Sparrow 24.8+19.6% 104.5
Indigo Bunting 8.9+13.1% 181.5
Dickcissel 30.0+£28.5% 110.5

Breeding Season 2006 Bird Survey Results

We surveyed eight plots on Fort Campbell with a total area of 54.9 ha and nine plots off Fort
Campbell (private and TWRA fields pooled) with a total of 37.5 ha. We calculated the densities
of birds in each of three habitat classifications: grassland obligate, grassland facultative, and
shrub/scrub species. Figure 1 shows the mean density of each species on and off Fort Campbell.
The four-letter bird codes used in Figure 1 are translated Table 6 in the Appendix.

The bird communities showed some clear differences between field types (Table 3). Private and
military fields both had two Partners in Flight Regional Concern species (Central Hardwoods
BCR, Field Sparrow and Henslow’s Sparrow) among the five most common species while
TWRA had none.

Table 3. Observed density (birds / 100 ha) for top five species observed by ownership class.

n Private n Military n TWRA

69 Henslow's Sparrow 95 Dickcissel 180 Field Sparrow

68 Field Sparrow 91 Indigo Bunting 101 Indigo Bunting

68 Red-winged Blackbird 87 Field Sparrow 99 Common Yellowthroat
66 Indigo Bunting 87 Henslow's Sparrow 72 Common Grackle

47 Dickcissel 75 Common Yellowthroat 58 Cliff Swallow

n = Birds / 100 Ha.
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Winter 2005-06 Results

Our main goal in Winter 2005-06 was to collect preliminary data to identify which species were
using different grassland habitats in the study area. Our observations from that first field season
will be used in planning of our next two winter field seasons.

We sampled bird communities by dragging a 50-m rope across the field between two or more
observers on four field types, AG (harvested soy, bean, corn, and winter wheat fields), managed
fescue fields (Ag-lease), Mowed, and Native. The greatest species richness for sparrows was
found in native grasslands (7 species, Table 4) and the greatest richness for all bird species was
on AG fields (10 species). Population densities differed by field type (F=4.97, df=3,P =
0.01).

We observed a total of nine sparrow species and 20 species overall (Table 5). Of those birds,

three species; Northern Bobwhite, Field Sparrow, and Eastern Meadowlark; were listed by
Partners in Flight as regional conservation concern species for the Central Hardwoods region.

Table 4. Results of rope dragging at Fort Campbell (Dec 2005-Feb 2006).

Species Cout Dersity (Birdy/Fh)

Fdd Aeam?) Aeate) Saows Al Sarows Al Sarons® Al

7 2201 212 3 10 2 40 06 232

Aclese 4 637 65 2 2 79 109 21 167
Moved 6 DB 126 1 5 40 & 32 51
Ntive 6 982 92 7 8 3B M1 U8
TOIAL 2B 4R 44 8 20 MW 9B 94 208

*(ANOVA F=497, df=3, p=001)



Table 5. Bird species observed using the rope dragging method for winter 2005-06.

Sparrows

Dark-eyed Junco

Field Sparrow

Lincoln's Sparrow
Savannah Sparrow

Song Sparrow

Swamp Sparrow
Vesper Sparrow
White-crowned Sparrow
White-throated Sparrow

Others

American Crow
American Goldfinch
American Pipit
American Robin
Cedar Waxwing
Eastern Meadowlark
Horned Lark
Mourning Dove
Northern Bobwhite

Flyovers

American Crow
American Goldfinch
blackbirds

Northern Harrier
Sandhill Crane

Northern Harrier
Short-eared Owl

FUTURE PLANS

Our second breeding field season will be conducted from May-July 2007 and will differ little
methodologically from the first breeding field season. One small change will be a heavier focus
on nest searching on private fields in the study area to obtain sample sizes large enough to
compare nesting success between fields on and off Fort Campbell.
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APPENDIX

Species Codes

Code
AMCR
AMGO
AMPI
AMRO
BACS
BARS
BHCO
BLGR
BRTH
CEDW
COYE
DEJU
DICK
EABL
EAME
FISP
GRSP
HESP
HOLA
INBU
LISP
MODO
NOBO
NOCA
NOHA
NOMO
PRAW
RWBL
SACR
SAVS
SEOW
SEWR
SOSP
SWSP
VESP
WCSP
WTSP
YBCH

Common Name
American Crow
American Goldfinch
American Pipit
American Robin
Bachman's Sparrow
Barn Swallow
Brown-headed Cowbird
Blue Grosbeak

Brown Thrasher
Cedar Waxwing
Common Yellowthroat
Dark-eyed Junco
Dickecissel

Eastern Bluebird
Eastern Meadowlark
Field Sparrow
Grasshopper Sparrow
Henslow's Sparrow
Horned Lark

Indigo Bunting
Lincoln's Sparrow
Mourning Dove
Northern Bobwhite
Northern Cardinal
Northern Harrier
Northern Mockingbird
Prairie Warbler
Red-winged Blackbird
Sandhill Crane
Savannah Sparrow
Short-eared Owl
Sedge Wren

Song Sparrow

Swamp Sparrow
Vesper Sparrow
White-crowned Sparrow
White-throated Sparrow
Yellow-breasted Chat

Latin Name

Corvus brachyrhynchos
Carduelis tristis
Anthus rufescens
Turdus migratorius
Aimophila aestivalis
Hirundo rustica
Molothrus ater
Guiraca caerulea
Toxostoma rufum
Bombycilla cedrorum
Geothlypis trichas
Junco hyemalis

Spiza americana

Sialia sialis

Sturnella magna
Spizella pusilla
Ammodramus savannarum
Ammodramus henslowii
Eremophila alpestris
Passerina cyanea
Melospiza lincolnii
Zenaida macroura
Colinus virginianus
Cardinalis cardinalis
Circus cyaneus

Mimus polyglottos
Dendroica discolor
Agelaius phoeniceus
Grus canadensis
Passerculus sandwichensis
Asio flammeus
Cistothorus platensis
Melospiza melodia
Melospiza georgiana
Pooectes gramineus
Zonotrichia leucophrys
Zonotrichia albicollis
Icteria virens
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RRH: Giocomo et al. « NESTING GRASSLAND BIRDS

NESTING BIOLOGY OF GRASSLAND BIRDS AT FORT CAMPBELL, KENTUCKY
AND TENNESSEE

JAMES J. GIOCOMO"?, E. DANIEL MOSS?, DAVID A. BUEHLER!, AND WILLIAM G.
MINSER!

! Department of Forestry, Wildlife and Fisheries, University of Tennessee, 274 Ellington PSB,
Knoxville, TN 37996, USA.
? Directorate of Public Works, IMSE-CAM-PWE, 865 16th Street, Fort Campbell, KY 42223,

USA.

3 James Giocomo; e-mail: jgiocomo@utk.edu

ABSTRACT .--- Among the groups of birds monitored by the North American Breeding Bird
Survey, grassland birds have experienced greater population declines than any other. Our
objectives were to provide annual, species-specific demographic information including nest
success, clutch size, young produced per successful nest, causes for nest failure, nest parasitism
rates, timing of nest initiation, and seasonal clutch size variation, and to compare demographic
rates among years within species and among species. Eight-hundred and eleven nests of
Henslow’s Sparrows (Ammodramus henslowii), Grasshopper Sparrows (Ammodramus
savannarum), Field Sparrows (Spizella pusilia), Dickcissels (Spiza americana), and Eastern
Meadowlarks (Sturnella magna) were monitored between 1999 and 2003. Mayfield nest success
including the egg-laying stage as well as the incubation and nestling periods was 20, 33, 15, 20,
and 18% respectively. Most nest failures were attributed to predation. Nest parasitism by
Brown-Headed Cowbirds (Molothrus ater) was infrequent (<2% of all nests parasitized). Clutch
size decreased during the nesting season for Dickcissels, Grasshopper Sparrows, and Field

13



Sparrows. Nesting phenology suggests the possibility of multiple-brooding for all five species in
this study.
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Grassland bird population declines have been attributed to the dramatic decrease of native grasslands
during the 20th Century because of clearing of non-forested land for agriculture or development, and
discontinued use of prescribed fire, but military lands in the eastern U.S. are an exception to the trend in
loss of native grasslands (Askins 1993, Herkert et al. 1996, Peterjohn and Sauer 1999). Some installations
have maintained large areas of grasslands to facilitate military training through use of prescribed burning
and mowing. Fort Campbell Military Reservation in Kentucky and Tennessee, is a 42,000-ha U.S. Army
Base with approximately 10,000 ha of grassland habitat including remnant patches of native grassland
(Moss 2001). Several other military installations provide large areas of early-successional habitats
including Fort Knox, Kentucky, Fort Bragg, North Carolina, and Fort Drum, New York (Eberly 2002).
Each installation could have potential for even more grassland restoration if suitable management strategies
are developed.

It is imperative to understand not only the distribution of grassland bird species in the
eastern U.S., but also their productivity. Many bird studies report densities and diversity of bird
species, but these measures may be misleading indicators of habitat quality or breeding success
(Van Horne 1983, Vickery et al. 1992). Few studies have collected the detailed demographic
information needed to understand productivity (i.e., nesting success, clutch size) (Marzluff and
Sallabanks 1998). Many grassland bird nests are difficult to find and monitor, and relatively few
studies have attempted to monitor more than one or two species for more than a few years
(Winter 1998). Managers on military installations need demographic information to understand
if and how their management actions and military training may impact bird populations on
military installations.

We monitored Henslow’s Sparrow (Ammodramus henslowii), Grasshopper Sparrow (A.
savannarum), Field Sparrow (Spizella pusilla), Dickcissel (Spiza americana) and Eastern
Meadowlark (Sturnella magna) nests at Fort Campbell from 1999 through 2003. Our objectives
were to provide annual, species-specific demographic information including nest success, clutch
size, young produced per successful nest, causes for nest failure, nest parasitism rates, timing of
nest initiation, and seasonal clutch size variation, and to compare these demographic rates among

years within species and among species.
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METHODS

Study Area.--- The study was conducted on Fort Campbell on the Kentucky-Tennessee
border. Fort Campbell contains some of the largest remaining blocks of native prairie "barrens"
east of the Mississippi River. Barrens are grass-dominated, treeless areas occurring on the hilly,
karst topography of west-central Kentucky and northwestern Tennessee (Chester et al. 1997).
Historically, these grasslands were maintained primarily through burning by native Americans
(Delcourt et al. 1993). Many grasslands on Fort Campbell contain at least some native warm-
season grasses including little bluestem (Schizachyrium scoparium), big bluestem (Andropogon
gerardii), switchgrass (Panicum virgatum), indiangrass (Sorghastrum nutans), and broomsedge
(Andropogon virginicus). Approximately 60% of the base is in oak (Quercus sp.)-hickory
(Carya sp.) forests, and there are many leased agricultural fields (cool-season grass, corn, millet,
and soybeans) interspersed among the grasslands. Most of the grassland areas monitored in this
study were managed mainly for military training and not specifically for hay production.

Nest Searching.--- Nest searching concentrated primarily on finding an adequate sample
(~20) of nests each year for our five target species including Henslow’s Sparrow, Grasshopper
Sparrow, Dickcissel, Eastern Meadowlark, and Field Sparrow. Fields with appropriate grassland
habitat, such as dead standing clumps of grass, were systematically searched by one crew leader
and four field assistants for males of target species defending territories or exhibiting nesting
behavior between 1 May and 31 July, 1999-2003. Fields were chosen to provide the maximum
opportunity to find a representative sample of nests for the more difficult species to monitor,
especially Henslow’s Sparrows. Most fields on Fort Campbell are burned every 1 to 3 years, so

a different set of fields was searched each year allowing us to search in areas with dead standing
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vegetation that is not present the first year after a field is burned. Up to 20 fields were searched
each year, but most nest searching was concentrated in a few larger fields (> 150 ha) that
provided habitat for all five species all years. Field sizes ranged from 4-600 ha. Behavioral
cues, such as birds flushing close to an observer, chipping, carrying nesting material, or carrying

food or fecal sacs, were used to locate nest sites.

Once nests were located, a flag was placed at least 5 m from the nest, and detailed maps of the nest
locations were drawn. Nests were monitored every 2-4 days to ascertain nest fate. We calculated apparent
yearly nest success (# successful nests/total nests), Mayfield (1961, 1975) nest success, and standard error

(Johnson 1979) for individual species where sample sizes were sufficient (approximately 9 nests, Johnson
1979).

Demographic Rate Estimates.--- Average clutch size were calculated by using the
highest number of eggs or young for nests with a stable clutch size for two consecutive visits.
Successful nests were defined as any nest fledging at least one host young. Nests with no
exposure time (e.g., induced fledging when the nest was found) were not included in the nest
success calculations. We calculated daily survival rates and the probability of nesting success
for five nesting periods, including egg laying, incubation, nestling, incubation and nestling
combined, and all periods. The combined probability of nesting success during the incubation
and nestling stages was calculated to facilitate comparison with studies that did not explicitly
include the egg laying stage.

We used these mean period lengths as exponents to calculate the probability of nest
success from daily survival probabilities for each species. We rounded the mean clutch size to
the nearest half-egg for the mean number of days during the egg laying stage for each species,
because generally one egg is laid per day for the five target species until the clutch is completed
and incubation starts with the laying of the last egg (Bent 1968). We used published values for
mean number of days in the period for the incubation and nestling stage (Ehrlich et al. 1988).

The number of days in the incubation and nestling stages combined and all stages combined
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were the sum of the appropriate number of days in the respective component stages. Mean and
standard errors for daily survival probabilities and mean nest success were calculated by nesting
period and year for each species (Johnson 1979).

Statistical Analysis.--- Yearly means of young per successful nest were compared within
species using one-way ANOVA. Nest initiation dates were estimated to the day laying started by
back dating for nests from the day the nest was found. Average start and end dates of nest
initiation were calculated by averaging the first and last 10% of all nests combined for each
species. We used the difference between start and end dates as a measure of the minimum
window of time available for each species to initiate nesting (nest initiation window). We used
linear regression to examine the relationship between clutch size and nest initiation dates. We
used the program CONTRAST to test for differences among daily survival rates within species,
by comparing different nesting intervals, and among species. The level of significance was set at
o = 0.05, and we used a Bonferoni correction to adjust our level of significance for multiple

tests.

RESULTS

Eight-hundred and eleven nests were monitored between 1999-2003; apparent nest success ranged between
41% and 65% for each species (Table 1). Most nest failures were attributed to predation. The primary predators of
nests appeared to be snakes based on the numerous observations of snakes in the nests. Other causes of nest failures
included abandonment, hay mowing and harvesting, military training activities, and Brown-headed Cowbird
(Molothrus ater) parasitism. Brown-headed Cowbird nest parasitism was observed in four nests (1 Henslow’s
Sparrow, and 3 Field Sparrows; Table 1). Average clutch size ranged from 3.6 for Field Sparrows to 4.6 eggs for
Eastern Meadowlarks. Hatching success ranged from 90% for Dickcissels to 96% for Field Sparrows (Table 1).
Average young fledged per nest ranged from 1.6 to 2.6, and the average number of young per successful nest ranged

from 3.6 for Field Sparrows to 4.1 for Grasshopper Sparrows (Table 1).
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Eastern Meadowlarks initiated nests earliest with average nest incubation starting 16 April. Field Sparrow
nest initiation started 25 April, followed by Henslow’s Sparrows (27 April), and Grasshopper Sparrows (1 May).
Dickcissels consistently were the last species to arrive and began incubation 10 May. The average end of the nest
initiation window was between 28 June and 4 July for all five species, but active nests were found through August
for all species. The length of the nest initiation window was longest for Eastern Meadowlarks (75 days),
intermediate for Henslow’s Sparrows (63 days), Grasshopper Sparrows (64 days), and Field Sparrows (64 days), and
shortest for Dickcissels (51 days).

Clutch size decreased during the nesting season for Dickcissels (t =-6.19, df = 190, P < 0.001),
Grasshopper Sparrows (t =-2.23, df =130, P = 0.03), and Field Sparrows (t =-5.52, df =259, P <0.001). On
average, Dickcissel clutch size reduced by one egg every 50 days, and Grasshopper Sparrow and Field Sparrow
clutch sizes reduced by 0.5 eggs every 62 and 52 days, respectively. We did not detect a linear decrease in clutch
size during the nesting season for Henslow’s Sparrows (t =-0.37, df = 104, P =0.71) and Eastern Meadowlark (t = -
0.94, df = 85, P =0.35). Instead, the clutch size for both Henslow’s Sparrows and Eastern Meadowlarks initially
increased, peaked in the middle of the season, and then gradually decreased.

Generally, nesting success was greatest during the laying stage and least during the incubation stage.
Combining nests found in all years, nesting success for Field Sparrows was lower than Grasshopper Sparrows,
because of the difference in nest success during the incubation stage (Table 2). Nesting success varied among years,

but we were unable to detect differences after Bonferoni correction (Table 3).

DISCUSSION
Overall mean nesting success rates were within the range of values previously reported
for Henslow’s Sparrows (27% Mayfield [incubation and nestling stages only]; Table 4), and
Dickcissels (26%). Eastern Meadowlark (22%) and Grasshopper Sparrow (41%) nesting success
was near the high end of previously reported values (Table 4). Almost all nests for these four
species were found in the largest fields (> 150 ha). A few Henslow’s Sparrow nests were found
in fields as small as 4 ha, but the small fields were within 10 km of larger fields. Henslow’s

Sparrow densities were too low in the small fields to allow for an adequate sample size of nests
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each year. Field Sparrow nesting success was lower at Fort Campbell (20%) than previously
reported values (Table 4). Low nesting success may be related to the ubiquitous distribution of
Field Sparrow nests in grassland fields, including some fields as small as 2 ha. Smaller fields
had more habitat features that might attract potential predators (e.g., small trees for perch sites),
possibly accounting for reduced nesting success rates (Herkert 1994). Henslow’s Sparrow,
Grasshopper Sparrow, Dickcissel, and Eastern Meadowlark clutch sizes were near the high end
of the range of those previously reported, whereas Field Sparrow average clutch size was lower
(Table 4).

Published nesting success rates usually do not include the egg laying stage. Between 6
and 36% of our nests were found during the egg laying stage. This study is one of only a few
that explicitly reports a daily survival rate of nests during the laying stage. For three out of the
five species we monitored we detected nest failures during this short but critical part of the
nesting cycle, resulting in estimates of nest success during the egg-laying stage of 65-79%. The
egg laying stage should be treated separately from the incubation stage because incubation
usually starts sometime between laying the penultimate egg and up to a few days after the last
egg is laid. Eggs usually are less conspicuous when the female is on the nest during incubation,
reducing the probability predators will find the nest through visual cues. Exposed eggs during
the laying stage may be more vulnerable to predators such as raccoons (Procyon lotor) or Blue
Jays (Cyanocitta cristata). The laying stage tended to have the greatest nest success rates
followed by the nestling stage and the incubation stage (Table 2).

Brown-headed Cowbird parasitism rates were low at Fort Campbell for these grassland
species, but were within the range of reported parasitism rates for each species (Table 4). The

lack of Dickcissel nest parasitism was particularly noteworthy when compared with other areas,
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but was consistent with records from Tennessee (Nicholson 1997). Our nest parasitism rates
probably were low because most nests were in large grassland fields (>100 ha) far from forest
edges or other tall woody perch sites (Hauber and Russo 2000, Jensen and Cully 2005), except
those of Field Sparrows, which were found in the full range of field sizes (4-600 ha). Nest
parasitism rates may be related to the proximity of songbird populations to the greatest densities
of Brown-headed Cowbirds (Basili et al. 1997, Winter et al. 2004). Fort Campbell is outside the
greatest density areas for Brown-headed Cowbird populations (Sauer et al. 2004). Morris and
Thompson (1998) found Brown-headed Cowbirds were most associated with grazed pastures,
regardless of grass height. There is no grazing activity at Fort Campbell.

The clutch size of Henslow’s Sparrows, Grasshopper Sparrows, Dickcissels and Eastern
Meadowlarks were slightly greater at Fort Campbell than average and within the range published
rates (Table 4). Field Sparrow clutch size was less than average, but within the range of
published rates. The average clutch sizes included two nests with more than twice the average
number of eggs, one Dickcissel with nine eggs and one Eastern Meadowlark with ten eggs.
These individual nests may represent the egg laying efforts of more than one female each. Both
nests were lost to predation before the eggs hatched, and we did not have time to confirm the
number of parents visiting the nest.

Grassland birds have relatively low nesting success, compensated by several nesting
attempts within a single season (Wiens 1969, Martin 1995, Winter 1999). The length of the nest
initiation window (51-75 days) suggests the possibility of multiple breeding attempts or multiple
successful broods within a single breeding season for all five species. Henslow’s Sparrows and
Grasshopper Sparrows are generally considered at least double brooded, although two pairs from

a color-banded Henslow’s Sparrow population in Kentucky had three successful broods in one
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season (Monroe 2001). Some of our nests initiated in July could represent third successful
broods for some nesting pairs. The amount of time from the start of the nesting season (late
April) and the last nests (early August) allows for the possibility of three broods if the time to
finish a complete nesting cycle is less than 32 days including nest building (Ehrlich et al. 1988).
Dickecissels are considered single brooded, or may move to a different location to re-nest (Winter
1998), but the nest initiation window for Dickcissels at Fort Campbell seemed long enough to
allow for the possibility of double brooding (51 days). Field Sparrow are considered double
brooded, but their nesting success was so low at Fort Campbell that very few pairs could produce
two successful nests within the nesting season without many unsuccessful nesting attempts.
They had more than enough time to complete at least two successful nests with several
unsuccessful attempts (64 days).

The length of the nest initiation window for Eastern Meadowlarks at Fort Campbell was
almost long enough for 3 successful nesting attempts, but Eastern Meadowlarks may delay for a
longer period between successive nests than expected. Kershner et al. (2004) radio-tracked
female Eastern Meadowlarks in Illinois and reported although they had time in the season to nest
more than once, many birds did not re-nest in the same territory. This behavior would spread the
distribution of nesting attempts across the season, and could account for the long nesting season
for Eastern Meadowlark (75 days) in this study.

Clutch size decreased during the nesting season for Dickcissels, Grasshopper Sparrows,
and Field Sparrows. The second brood would be reduced by about 1 egg for Dickcissels, and
about 0.5 eggs for Grasshopper Sparrows, and Field Sparrows if these species were double
brooded. Clutch size did not show a linear relationship with time of egg laying during the

nesting season for Henslow’s Sparrows and Eastern Meadowlarks. Winter (1998) reported this
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lack of relationship between clutch size and time in nesting season for Henslow’s Sparrow.
Eastern Meadowlarks and Henslow’s Sparrows tended to have smaller clutch sizes at the
beginning and end of the nesting season.

Monitored fields at Fort Campbell were used extensively for army training exercises,
such as airborne-troop parachute drops and associated vehicle activity, throughout the breeding
season of grassland birds. However, most (88%) recorded nest losses were attributed to
predation and very few (<1%) nests were affected directly by military activities. Vehicle or
troop movements in the fields crushed a few nests. Mowing for hay and weather accounted for
more recorded nest losses (3 and 1.7%, respectively) than military activities. Nest searching
activities were concentrated in grasslands not managed specifically for hay production, and land
management effects observed were not representative of all grasslands on the base.
Undoubtedly, a much larger proportion of nests failed because of mowing in grassland fields
managed for hay production. However, nest searching was concentrated in areas used
extensively for military training, and nest failure rates may be considered representative of direct

military training impacts at Fort Campbell.
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Table 1. Demographic information for Henslow's Sparrow, Grasshopper Sparrow, Dickcissel,

Eastern Meadowlark, and Field Sparrow at Fort Campbell, Kentucky, 1999-2003.

Henslow's  Grasshopper  Dickcissel ~ Eastern Field
Sparrow Sparrow Meadowlark Sparrow
(n=113)" (n=131) (n=204) (n=87) (n=276)
Successful nests 65 85 87 36 126
Unknown fate 1 0 0 1 0
Failed nests 47 46 117 50 150
Depredated 44 38 97 45 139
Abandoned 3 3 9 2 7
Abandoned-parasitism 0 0 0 0 1
Mowing for hay 0 4 4 1 2
Military activity 0 1 3 0 0
Weather 0 0 4 2 1
Apparent nest success (%) 58 65 43 41 46
Clutch size average (n) 4.1(108) 4.4(131) 4.3(191) 4.6(87) 3.6(264)
Hatching success (n) 90.4(80) 93.2(104) 90.3(116) 94.1(53)  95.9(171)
Young fledged/nest 2.2 2.6 1.7 1.7 1.6
Young fledged/successful nest 3.9 4.1 3.9 4.0 3.6
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Parasitized nests

 n refers to the number of nests.
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TABLE 2. Mayfield nesting success of grassland birds at Fort Campbell, Kentucky,

1999-2003, by nest cycle interval.

Nest cycle Mean days Failures Exposure Daily Success
Species interval® in period® n° (n)° days® survivall SE (%)
HESP" Laying 40 8 2 19.5 0.897 0.0609 649
GRSP Laying 45 8 0 17.0  1.000  0.000 100.0
DICK Laying 40 75 13 229.0 0943 0.015 79.2
EAME Laying 40 13 0 26.0 1.000 0.000 100.0
FISP Laying 3.5 47 11 1240 0911 0.026 71.6
HESP Incubating 11.0 54 21 297.5 0929 0.015 447
GRSP Incubating 1.5 73 23 445.0 0948 0.010 543
DICK Incubating 12.5 145 67 997.0 0933 0.008 41.9
EAME Incubating 12.5 54 25 3545 0929 0.014 40.1
FISP Incubating 12.0 176 83 912.5 0909 0.010 31.8
HESP Nestling 9.5 88 23 412.5 0944 0.011 58.0
GRSP Nestling 9.0 108 23 621.0 0963 0.008 71.2
DICK Nestling 9.0 124 37 694.5 0947 0.009 61.1
EAME Nestling 9.0 ol 25 387.0 0935 0.012 548
FISP Nestling 7.5 183 56 849.5 0934 0.009 60.0
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HESP Inc. and nestling 205 111 44 710.0 0938 0.009 269
GRSP Inc. and nestling 20.5 129 46 1066.0  0.957 0.006 40.5
DICK Inc. and nestling 21.5 191 104 1691.5 0939 0.006 25.6
EAME Inc. and nestling 21.5 86 50 741.5 0933  0.009 223
FISP Inc. and nestling 19.5 266 139 1762.0 0921 0.006  20.1
HESP All stages 245 113 46 729.5 0937 0.009 203
GRSP All stages 25.0 129 46 1083.0 0958 0.006  33.8
DICK All stages 25.5 204 117 1920.5 0939  0.005  20.1
EAME All stages 255 86 50 767.5 0935 0.009 179
FISP All stages 23.0 276 150 1886.0  0.920 0.006  14.7

* Nesting cycle intervals include laying stage, incubating, nestling, incubation and nestling,

combined and all stages combined.

® Expected length of each stage in days from Ehrlich et al. (1988).

o

Total number of failed nests.

Total number of exposure days (Mayfield 1975).

Number of nests monitored in each nest cycle interval.

" Probability of daily nest success (Mayfield 1975).

oQ
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Probability of nest success (Mayfield) through the nesting cycle interval.



" HESP = Henslow's Sparrow, GRSP = Grasshopper Sparrow, DICK = Dickcissel, EAME =

Eastern Meadowlark, FISP = Field Sparrow.
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Table 3. Annual daily survival and nest success rates for grassland birds at Fort Campbell,

Kentucky, 1999-2001.

Henslow's  Grasshopper Eastern Field
Year Rate Sparrow Sparrow Dickcissel =~ Meadowlark Sparrow
1999 Days(n)* 25.5(6) 96.0(19) 111.0(14) 125.5(12) 150.5(23)
DSR(SE)® - 0.948(0.023) 0.910(0.027) 0.920(0.024) 0.907(0.024)
Success - 26.3 9.0 12.0 10.5
2000 Days(n) 276.5(40) 257.5(30) 324.0(40) 149.0(17) 522.5(84)
DSR(SE)  0.920(0.016) 0.973(0.010) 0.935(0.014) 0.913(0.023) 0.912(0.012)
Success 13.1 50.2 18.1 9.7 11.9
2001 Days(n) 235.5(26) 215.0(26) 755.5(74) 201.5(23) 536.0(71)
DSR(SE)  0.958(0.013) 0.944(0.016) 0.943(0.008) 0.945(0.016) 0.920(0.012)
Success 345 23.8 22.4 23.9 14.5
2002 Days(n) 116.0(20) 231.0(24) 311.0(30) 142.5(15) 298.0(47)
DSR(SE)  0.940(0.022) 0.952(0.014) 0.949(0.013) 0.951(0.018) 0.906(0.017)
Success 21.8 29.5 26.0 27.7 10.2
2003 Days(n) 77.5(20) 283.5(30) 419.0(46) 149.0(19) 379.0(51)
DSR(SE)  0.948(0.025) 0.961(0.011) 0.936(0.012) 0.940(0.020) 0.950(0.011)
Success 27.3 37.2 18.3 20.4 30.5
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* Days = total exposure days, n = number of nests. Nest exposure includes laying,

incubation and nestling stages.

®DSR = Daily survival rate (Mayfield 1975).
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TABLE 4. Weighted average and range of published demographic rates for Henslow's

Sparrow, Grasshopper Sparrow, Field Sparrow, Eastern Meadowlark, and Dickcissel.

Clutch Apparent  Mayfield
Species Size Parasitism Success Success”

Henslow's Sparlrowb Average® 3.8 0.03 0.51 0.29
Range* 3.3-44 0.00-0.08 0.19-0.74  0.07-0.46

Grasshopper Sparrow* Average 4.2 0.09 0.44 0.32
Range 3.7-4.6  0.00-0.50  0.15-0.80  0.07-0.52

Dickeissel" Average 4.0 0.40 0.48 0.26
Range 3.7-477 0.03-0.95  0.46-0.67 0.12-0.50

Eastern Meadowlark® Average 4.4 0.08 0.32 0.10
Range 4.1-52  0.00-0.70  0.30-0.70  0.10-0.25

Field Sparrow” Average 3.7 0.12 0.36 0.27
Range 3.4-4.0 0.00-0.80 0.10-0.72  0.21-0.47

* Probability of nest success corrected for exposure time (Mayfield 1975).

®Robins 1971, Peck and James 1987, Winter 1998, Reinking et al. 2000, Monroe 2001,

Burhans 2002.
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¢ Average for published values weighted by sample size.

d Range of published average values.
¢ Price 1934, Elliot 1978, Wray et al. 1982, McNair 1987, Vickery et al. 1992, Reinking cited
in Vickery 1996, Winter 1998, Balent and Norment 2003, Vos 2003, Dutter and Ritchison

2005, Giocomo 2005.

fLong 1963, Gross 1968, Elliot 1978, Zimmerman 1982, Zimmerman 1983, Basili et al.
1997, Winter 1998, Vos 2003, Jensen and Finck 2004, Fletcher et al. 2006.

£ Saunders 1932, Johnston 1964, Roseburry and Kilmestra 1970, Elliot 1978, Peck and James
1987, Knapton 1988, Lanyon 1995, Granfors et al. 1996, Winter 1998.

" Hicks 1934, Walkinshaw 1939, Crooks 1948, Wray et al. 1982, Best 1978, Carey et al.

1994, Barber et al. 2001, Vos 2003.
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ABSTRACT.--We constructed a simple graphical population model for three grassland birds,
Dickcissels (Spiza Americana), Eastern Meadowlarks (Sturnella magna), and Grasshopper Sparrows
(Ammodramus savanarum), incorporating variability in commonly measured life history parameters,
nest success and young produced per nest, and a range of plausible values for parameters that are more
difficult to obtain including adult survival, juvenile survival, re-nesting rate and the number of nest
attempts. We created population replacement threshold plots by rearranging a two-stage population
model, and conducted sensitivity analyses to examine the effects of the model inputs on measures of
population growth rates. With optimistic species-specific assumptions our analysis shows it is very
unlikely that our Dickcissel population was stable or increasing, whereas Grasshopper Sparrows and
Eastern Meadowlarks seemed to be producing surplus individuals in at least 2 out of the five years we
examined. Our sensitivity analysis indicated the population models were impacted by all population
parameters considered, but the re-nesting rate showed the most dramatic effects. Our modeling
approach extended existing methods by allowing us to evaluate the effects of three demographic
variables simultaneously, and providing a quick, easy way to evaluate populations of species “in need
of management.” Our approach demonstrated the limitations of the field data collected for making
meaningful determinations on population status for grassland birds, and represents a starting point for
incorporating all the important life-history parameters that impact species at the population level into a
relatively simple model.

Key Words. Population modeling, demography, grassland birds, management
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Nest success is just one of several demographic factors affecting population growth. Other basic
demographic components include the number of young produced per nest, number of nesting attempts
including re-nesting and multiple-broods, survival of young birds in their first year of life (juvenile
survival), and the annual survival of adult birds (Ricklefs 1973). Recently, arguments focusing upon
methods for calculating nest success received tremendous attention (Hazler 2004, Jehle et al. 2004,
Michaud et al. 2004, Nur et al. 2004, Shaffer 2004), but emphasis on nest success can be misleading
when evaluating avian population growth (DeCecco et al. 2000, Murray 2000, Thompson et al. 2001,
Underwood and Roth 2002).

Nest success needs to be supplemented with other factors to truly understand population trends. Some
researchers have incorporated adult and juvenile survival in songbird population models (Donovan et al.
1995), but few researchers have incorporated the other life history parameters, especially for grassland
bird populations (Perkins et al. 2003).

Most field studies do not measure all demographic parameters simultaneously, and usually
only nest success and a measure of the number of young produced are reported. In some
limited circumstances, nest success can be correlated with the overall health of the population,
but for birds that produce more than one nest in a single breeding season, like many grassland
songbirds, annual productivity is a better measure of population viability (Herkert and Knopf
1998, Murray 2000, Jones et al. 2005). In many species, females can make up for poor nest
success by producing multiple nests in a season (Murray 2000). Re-nesting frequency and
number of broods may have a greater influence on annual productivity than nest success
(Martin 1995).

Restoration and management of grassland habitats has become a conservation priority
because of the large and consistent declines in grassland bird populations (Askins 1993, Sauer
et al. 2005). Conservation efforts require identification of areas where populations are
increasing or decreasing (e.g., potential population sources [A > 1] and sinks [A < 1]; Pulliam
1988), and the demographic factors that contribute to these population trends. Several studies
estimated annual productivity, but the models tended to be complex or required large amounts
of species data (Pease and Grzybowski 1995, Powell et al. 1999, Woodworth 1999, Powell
and Knutson 2006). There are simple population models, but they do not incorporate

variability in measured and estimated parameters (Donovan et al. 1995). Finally, some



applications of the simple models result in tables of population trajectories (Perkins et al.
2003, Michaud et al. 2004). There is a need to have a simple graphical population model for
grassland birds incorporating variability in commonly measured life history parameters (e.g.,
nest success and young produced per nest) and a range of plausible values for parameters that
are more difficult to obtain (e.g., adult survival, juvenile survival, re-nesting rate).

Using demographic parameters collected over a five-year period (1999-2003) at Fort
Campbell Military Reservation, Kentucky/Tennessee (Fort Campbell), we modeled
population growth rates for three grassland songbird species (Dickcissels [Spiza Americana],
Eastern Meadowlarks [Sturnella magna], and Grasshopper Sparrows [Ammodramus
savanarum]). Our objective was to construct dynamic, deterministic population models for
single-, double- and triple-brooded species, incorporating variation in nest success and young
per successful nests. We conducted sensitivity analyses to examine the effects of uncertainty
in several of the model inputs including adult survival, juvenile survival, number of nesting
attempts, number of successful broods possible, and re-nesting rate on measures of population
growth rates. We then discuss how the model extends existing methods, and how it could be

used to assist in species management.

METHODS
Basic increasing-decreasing (source-sink) population assessment.-- We constructed
the model in a Microsoft Excel spreadsheet incorporating data from Fort Campbell including
nest success and young produced per successful nest, supplemented by values found in the
literature for Dickcissels, Eastern Meadowlarks, and Grasshopper Sparrows (Giocomo 2005).

We created a population replacement threshold plot by rearranging a two-stage population



model. We solved for brood size per successful nest in terms of nest success using the
following formula:

A= Sa+(B) * () (1)
(Ricklefs 1973). In this formula, A = finite population growth rate, S, = annual adult
survival, S;= annual juvenile survival, and B = annual fecundity given the number of young
produced per successful nest (b), and the relationship (Rc a) between maximum number of
successful broods possible in one season (C), the number of nesting attempts (A), and nest
success (p). When A = 1, the population is considered stable.

We calculated productivity as female young produced per breeding female with the
following assumptions; (1) 100% pairing success and re-nesting rate, (2) immigration and
emigration were offsetting, (3) juvenile survival rate was correlated with the adult survival
rate, and was one half adult survival rates, (4) constant average annual rates of Mayfield
(1975) nest success, number of young per successful brood, and annual adult survival, (5) all
individuals bred in their first breeding season after hatch year, and (6) no age-related
differences in parameters (Donovan et al. 1995, Michaud et al. 2004). Many of these
assumptions are optimistic, and over-estimate the value of A.

WesetA=1,S;=05*S,,andB=0.5*b *Rca. Then 1 =S,+(0.5*S,) *(0.5*b *
R), and we solved for b.

4*(1-S,)

b= )

Sa * RC,A
We then plotted all possible combinations of young per successful nest (b) and nest success

(p) by varying nest success from 0.0 — 1.0 to create the replacement threshold.



To calculate Rc a, we determined the maximum number of successful broods
possible in one season (C) for multiple-brooded species and the maximum number of
nesting attempts (A) for each species. A branching process was used to calculate the
productivity of nests given p = probability of a successful nest and 1-p = probability of
an unsuccessful nest (Fig. 1). Nest success was multiplied across each possible
combination of nest histories (successful and unsuccessful attempts) and then multiplied
by the number of successful nests in each combination. These combinations were then

summed to get overall annual productivity for the population (Table 1).

This analysis produced plots with curves representing the threshold between source
(increasing; A > 1) and sink (decreasing; A < 1) populations (hereafter replacement threshold).
On these plots, point estimates of nest success and young produced per successful nest were
plotted with their associated variability (1*SE). Points to the left of the replacement threshold
curve were considered to represent sink populations and points to the right of the curve

represented source populations.

Species analysis.-- We used collected demographic information to analyze the yearly and overall
average population trajectories under species-specific assumptions. Dickcissels were modeled as single
brooded species (C = 1), Eastern Meadowlarks were double-brooded (C = 2), and Grasshopper
Sparrows were triple-brooded species (C = 3) (Ehrlich et al. 1988). We used an annual adult survival
rate of 0.5 (£0.1) and juvenile survival rate of 0.25 for Dickcissels. For Eastern Meadowlarks, we used
an annual adult survival rate of 0.6 (£0.1) and juvenile survival rate of 0.3, and for Grasshopper
Sparrows, we used an annual adult survival rate of 0.4 (£0.1) and juvenile survival rate of 0.2.
Reported male return rates for these three species range from 0.33 — 0.6 (Lanyon 1995, Martin 1995,
Vickery 1996, Temple 2002, Michel et al. 2005). We limited the number of nesting attempts (A) to 5
based on species-specific nest season observations at Fort Campbell (Giocomo 2005) using calculations
suggested by Ricklefs (1973).

Sensitivity analysis.-- We conducted a sensitivity analysis to evaluate the overall effect
of each parameter in question (holding all other parameters constant, see Table 1) on the
replacement threshold relative to average values of nest success and number of young

produced per successful nest at Fort Campbell. We evaluated the maximum number of



successful broods (C =1, 2, 3), adult survival (S, = 0.3 - 0.9), juvenile survival (S;=0.15 —
0.75), and re-nesting rate (0.6 — 1.0) to determine how the threshold would change relative to
measured values for nest success and number of young produced per successful nest. We also
evaluated the number of nesting attempts (A = 1-5) for single (C = 1), double (C = 2) and
triple (C = 3) brooded species. For all sensitivity analysis calculations, we assumed double-
brooded nesting (C = 2), number of nest attempts = 5, adult survival = 0.5, juvenile survival =

0.25, and 100% re-nesting rate unless otherwise specified.

RESULTS

Adjusting the assumptions in the model tended to shift the replacement threshold lines to the lower-left
or the upper-right to varying degrees (e.g., see Fig. 2). As the threshold shifted to the lower-left, there
was an increase in the amount of area of the graph representing the potential to be a source population
in the plot and a corresponding decrease in the amount of sink area. An increase in the amount of
source area on the graph indicated a relatively lower nest success and lower number of young per
successful nest was needed to sustain the population at current levels.

Species Analysis.-- For Dickcissels, adult survival rates below 0.6 held population
growth below replacement levels for all years except 2001, resulting in sinks (Fig. 2A). The
point-estimate for 2001 indicated source populations when adult survival rate was 0.6. The
variation around the point-estimates indicated there was some overlap into the source area of
the plot during most years (2000-2003) with the most optimistic survival rate.

For Eastern Meadowlarks, the overall point-estimate indicated a probable source
population with an adult survival rate near 0.5, although there was some overlap into the sink
area of the plot (Fig. 2B). Two years (1999 and 2000) indicated stable populations only with
the optimistic survival rate (0.7). Point estimates for three years (2001-2003) indicated source
populations with adult survival rates 0.5, although the variation around those estimates

overlapped the sink area unless the adult survival rate was near 0.7.



The point-estimate of the overall average for Grasshopper Sparrows indicated source
populations with an adult survival rate between 0.3 and 0.4 (Fig. 2C). The variation around
the overall point-estimate was well within the source area of the plot and did not include any
sink area of the plot with an adult survival of 0.5. In 1999 and 2001, an adult survival greater
than 0.5 was needed to produce an increasing population.

Sensitivity Analysis.-- Increasing from single- to double-brooded had a greater positive
effect (shifting the replacement threshold to the lower-left) on the replacement threshold than
increasing from double- to triple-brooded (Fig. 3A). Looking at average values for nest
success and young produced per successful nest, Grasshopper Sparrow populations could
sustain themselves (source) in most years as a double-brooded species (Fig. 3A). Dickcissels
and Eastern Meadowlarks failed to replace themselves even when triple-brooded and other
demographic parameters meet the general assumptions (A =5, S, = 0.5, S; = 0.25) (Fig. 3A).

Varying the re-nesting rate (from 100%) had the greatest relative effect on the
replacement threshold; each incremental decrease in re-nesting shifted the threshold to the
right (Fig. 3B). Incremental increases in adult survival caused uniform shifts to the left in the
replacement threshold (Fig. 3C). Incremental increases in juvenile survival showed a similar
effect as adult survival did on replacement thresholds, but had greater effects on the threshold
with smaller values of S; than with larger values (Fig. 3D).

Adjusting the number of nesting attempts for single-, double-, and triple-brooded species
had a positive effect on the source/sink threshold (shifting to the left) as the number of
attempts increased (Figs. 4A, B, and C). The magnitude of the shift to the left decreased as
the number of attempts increased. There was very little difference between double- and

triple-brooded species with equal number of attempts (Figs. 4B and C).



DISCUSSION

Our models and sensitivity analysis showed annual productivity was very sensitive to all seven of the
demographic parameters we used and tested (nest success, young per successful nest, number of broods,
number of nesting attempts, adult survival rate, juvenile survival rate, and re-nesting rate). For
example, the number of nesting attempts and the associated re-nesting rate appeared to be very
important to songbird populations. Our model indicated that increasing nesting attempts had a
decreasing, but positive impact on population growth rates.

Many long-distance or Neotropical migrants are generally considered to have less successful breeding
attempts per season than resident or short-distance migrant birds especially in the northern extent of
their ranges (Whitcomb et al. 1981). Nearctic-Neotropical migrants may have just enough time or
energy to successfully produce one brood, but they may replace nests if their first attempts are
unsuccessful. Monitoring radio-tagged and color-marked individual Dickcissels (a Nearctic-
Neotropical migrant), Walk et al. (2004) found on average 36% of Dickcissel females initiated second
nests after their first nest failed, thus increasing the overall productivity of the population. They found
95% of females monitored ceased breeding after fledging at least one young and only one female
initiated a second nest after the first nest successfully fledged. Even when we used the maximum
number of nesting attempts (5) possible from the nesting season length as suggested by Grzybowski and
Pease (2005), our analysis shows it is very unlikely that the Fort Campbell Dickcissel population can be
a source given this level of fecundity. This conclusion is supported by Breeding Bird Survey data (-
0.9%/yr., P =0.05, 1966-2004, Sauer et al. 2005).

In contrast, resident and short-distance migrant birds may or may not be limited to a single successful
brood in a season because their nesting seasons tend to be longer than the nesting seasons of Nearctic-
Neotropical migrants. Kershner et al. (2004) found Eastern Meadowlarks in Illinois, which have more
than enough time to double or triple brood, did not re-nest as frequently as expected. Only 44% of
females re-nested and 53% emigrated from the local population after successfully fledging their first
nest (Kershner et al. 2004). These behavioral patterns resulted in lower productivity than generally
expected for these birds. Apparently there may be a substantial cost associated with re-nesting even if
there is enough time in the breeding season (Kershner et al. 2004).

Our results suggested that grassland songbird populations vary annually in terms of their source/sink
status. Grasshopper Sparrows and Eastern Meadowlarks at Fort Campbell exhibited the greatest
productivity, possibly producing surplus individuals in two or three of the five years. Those years when
surplus individuals are produced may serve to “rescue” the local population from an overall decline.
Instead of labeling a given population as a source or a sink, it becomes a question of balance over years
of ups and downs. Emigration and immigration further confound the situation by offsetting or
exacerbating the short-comings of annual productivity at the local scale. Dickcissel populations were
well below the replacement threshold most years even with the most optimistic assumption for adult
survival.

Our models generally represented conservative or “best-case” scenarios. We

optimistically assumed pairing success and the re-nesting rate to be 100%. We also assumed

constant annual clutch sizes and nest success rates, although these parameters often vary

throughout the season. Variable clutch size and nest success within season places differential

importance on nest attempts at the beginning of the season versus attempts at the end of the

season. For example, nest success could increase during the season because of increasing



cover and concealment. On the other hand, nest success could decrease with time in the
breeding season because the temperature increases may make potential predators, like snakes,
more active later in the breeding season. Clutch size could decrease with time in the breeding
season possibly because of energetic costs to produce eggs. In fact, clutch size tended to
decrease during the season for Dickcissels and Grasshopper Sparrows at Fort Campbell, but

we did not detect a decreasing trend for Eastern Meadowlarks (Giocomo 2005).

The variation around Mayfield (1975) nest success rates was generally large, even with relatively large
sample sizes over five years combined (n = 87-204 nests monitored per species). Annual variation in
demographic parameters may not be statistically significant, but small changes in demographic
parameters have potentially large biological consequences. Similarly, confidence limits around
estimated survival rates are usually very large. In most cases, very little is known about annual survival
rates for many grassland species and even less is known about juvenile survival rates. Both parameters
are difficult to estimate because it is difficult to separate mortality from dispersal by yearly observations
of banded birds. Between-year dispersal rates for grassland birds are generally greater than dispersal
rates forest species, and juvenile dispersal rates are generally greater than adult dispersal rates (Martin
1995). Despite this variation, demographic models can help elucidate general population trends for
management purposes, even if model assumptions are based on best guesses or values from the
literature.
Our modeling approach extended existing methods in several ways. First, our approach allowed us to
evaluate the effects of three demographic variables simultaneously. The plots can also be set up to
show a range of values within the natural range of variability for each of the key population parameters.
Second, our approach provided a quick, easy way to evaluate populations of species “in need of
management,” and to identify locations where most of the population parameters were below what
would be needed for a stable population under reasonable assumptions. Third, our approach allows
comparison of previous studies in other locations because most nest monitoring studies provide a
measure of nest success and young produced per nest (e.g., young per successful nest or clutch size).
This approach may provide a means for standardizing methods to assess population health (Pease and
Grzybowski 1995).
Although the replacement threshold plots were easy to develop, much of the data needed to
parameterize these models do not exist for most species. Reasonable ranges of values can be estimated
and used, but with many unknown parameters in the model, it becomes difficult to determine the model
outcome with certainty (i.e., source or sink; Pease and Grzybowski 1995). The modeling exercise
demonstrated the limitations of the field data collected for making meaningful determinations on
population status for grassland birds, and represents a starting point for incorporating all the important
life-history parameters that impact species at the population level into a relatively simple model.
Understanding the annual variation in parameters other than nest success and number of young
produced would provide a more realistic view of the health of these populations. Because population
models are very sensitive to estimates of adult survival, additional survival estimates from color-marked
populations are critically needed across each bird’s range of to allow for reliable population growth
modeling. Additional information on how juvenile survival and adult female survival rates differ from
adult males is needed. Finally, we hope this modeling effort will focus more attention on the population
parameters needed, in addition to nest success and young per nesting attempt, to model population
growth rates. We need more data on reproductive behavior, including pairing success, renesting rates,
number of nesting attempts and broods, age-specific reproductive success, and within-season variability
in reproductive rates.
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Table 1. Formulas to calculate productivity (Rc ) given the number of attempts (A),

maximum number of successful broods (C), and nest success (p).

Maximum Number of Broods (C)

Number of Attempts (A) 1 2 3
1 p ] ]
2 2p-p’ 2p -
3 3p-3p>+p’ 3p-p’ 3p

4 4p-6p>+4p’p'  dp-4p™+2p'  dp-p'




Table 2. Baseline conditions for model populations of Dickcissels, Eastern

Meadowlark, and Grasshopper Sparrows at Fort Campbell, Kentucky.

Adult Juvenile Maximum Number of Number of Nest
Species Survival (S,) Survival (S;) Successful Nests (C)  Attempts (A)
Dickcissel 0.6 0.30 1 2-4
Eastern Meadowlark 0.6 0.30 2 2-4

Grasshopper Sparrow 0.5 0.25 3 3-4




Fig. 1. Example branching process diagrams used to calculate the productivity of
nests given p = probability of a successful nest and 1-p = probability of an unsuccessful nest.
The number of branches is based on the maximum number of successful broods possible in
one season (C) for multiple brooded species and the maximum number of nesting attempts
(A). Nest success is multiplied across each possible combination of nest histories (successful
and unsuccessful attempts) and then multiplied by the number of successful nests in each
combination (Black dots). These combinations are then summed and multiplied by the
estimate of young per successful nest to calculate overall annual productivity (Rac). Included
are (A) single brooded with one nesting attempt, (B) single brooded with two nesting
attempts, (C) single brooded with four nesting attempts, (D) and double brooded with four

nesting attempts.



Fig. 2. Average nest success (+SE) and young produced per successful nest (+SE) for
(A) single brooded Dickeissels, (B) double-brooded Eastern Meadowlarks, (C) triple-brooded

Grasshopper Sparrows at Fort Campbell, KY/TN, 1999-2003. Lines indicate the threshold
between increasing populations (A > 1, points to the right of a line) and decreasing
populations (A < 1, points to the left of a line) assuming species specific ranges of annual

adult survival.



Fig. 3. Sensitivity analysis of model parameters including (A) number of successful
broods per season, (B) re-nesting rate, (C) annual adult survival rate, and (D) juvenile survival
rate when all other rates are held constant. Plotted points indicate the average nest success
and young produced per successful nest for Grasshopper Sparrow, Dickcissel, and Eastern
Meadowlark populations at Fort Campbell, KY from 1999-2003. Lines indicate the threshold

between increasing populations (A > 1, points to the right of a line) and decreasing

populations (A < 1, points to the left of a line).



Fig. 4. Sensitivity analysis of number of nesting attempts for a (A) single-, (B)
double- and (C) triple-brooded species when all other
demograpniy patec ape NeAd yovotavt. [TAOTTED TOLVTC VLY OTE TNE AWEPAYE VE
GT GLYXECGC VO YOLVY TPOdLYED TEP GLYXEOGPLA veaT pop ['paccononnep Zrapp
om, Avykylocel, avd Eactepv MeadowAiapk mtonvAiatiove at ®opt XaunPeii, K
Y dpop 1999-2003. Arves tvoryate tTne TNPeCNOAd PETMEEV VY PEATIVY TOTLAATL
ovo (A > 1, points to the right of a line) and decreasing populations (A < 1, points to the

left of a line).
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ABSTRACT We examined the nesting habitats used by five co-existing grassland-
breeding birds: Henslow’s sparrows (Ammodramus henslowii), grasshopper sparrows
(Ammodramus savanarum), field sparrows (Spizella pusillia), dickcissels (Spiza
Americana) and eastern meadowlarks (Sturnella magna), at Fort Campbell Army Base,
on the border of Kentucky and Tennessee between 2001 and 2003. Our objectives were
to (1) examine habitat differences in nest placement between selected nest sites and
available sites for each species, and (2) examine microhabitat differences among the five
target species. Litter depth was greater at nest sites for all species than the random plots.
Nest sites also had less bare ground cover and greater grass height than the random plots
for all species except grasshopper sparrows. Henslow’s sparrow nest sites had the
greatest warm-season grass cover, eastern meadowlark nest sites had the greatest cover of

cool-season grass, and field sparrow nest sites had the greatest cover of woody
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vegetation. Management for these grassland species requires a mosaic of grassland
habitats of different structure and composition to meet the needs of all species
simultaneously.

KEY WORDS: dickcissel, eastern meadowlark, field sparrow, grasshopper sparrow,

grasslands, habitat selection, Henslow’s sparrow.
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Based on North American Breeding Bird Survey results, 9 native species of open
grassland and savanna habitats decreased in abundance, whereas only 3 species increased
between 1966 and 2006 in the eastern US (Sauer et al. 2006). Changes in land use and
land management have reduced the amount and quality of breeding habitat available to
these bird species. The dramatic decrease of native grasslands during the 20th Century
can mainly be attributed to habitat loss through clearing non-forested land for agriculture
and less frequent use of prescribed fire (Herkert 1994, Askins 1999). More recently,
increasing urbanization and a shift from pastures and small grains to row crops of corn
and soybeans may have continued the decline in some grass-dominated habitats
(Rodenhouse et al. 1995). It remains largely unknown what habitat conditions are
capable of sustaining populations of these declining species (Herkert and Knopf 1998).
The structure of the vegetation within grassland habitats has long been recognized
as one of the important determinants of habitat selection for grassland birds (Weins 1969,
Roseberry and Klimstra 1970, Cody 1985, Bollinger 1995). Grassland habitats are
dynamic and ephemeral, relying on frequent disturbance, such as fire, grazing or mowing,
to maintain grass cover. Many studies have documented the general habitat used by
breeding grassland species (see Carey et al. 1994, Lanyon 1995, Vickery 1996, Herkert et
al. 2002). Most studies were based on vegetation measurements related to bird
distributions within fields, but not necessarily related to a specific area selected by
individual birds. Recently, studies examining patterns of nesting habitat selection among
several species within a single community have become more common (Winter 1998,

Dieni and Jones 2003, Winter et al. 2004).
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To maintain a community of grassland birds, it is important to understand the
extent of grassland habitats used during the breeding season compared to what is
available locally, and how habitat preference varies among species. Understanding how
nesting site selection differs among species will help managers understand how managing
vegetation structure for one grassland bird species may impact the presence of other
grassland birds.

We focused our work on nesting habitats used by five coexisting grassland-
breeding birds at Fort Campbell Army Base, Kentucky and Tennessee between 2001 and
2003; Henslow’s sparrows (Ammodramus henslowii), grasshopper sparrows
(Ammodramus savanarum), field sparrows (Spizella pusillia), dickcissels (Spiza
americana) and eastern meadowlarks (Sturnella magna). Our objectives were (1) to
examine habitat differences between selected nest sites and available habitats, and (2) to
examine microhabitat selection and niche space occupancy differences among the five

target species.

STUDY AREA

The study was conducted on Fort Campbell Army Base, a 42,000-ha base located on the
Kentucky-Tennessee border (Giocomo et al. 2008). Fort Campbell contains large blocks
of grasslands on hilly, karst topography in west-central Kentucky and northwestern
Tennessee (Chester et al. 1997). Fort Campbell grasslands contain native warm-season
grasses including little bluestem (Schizachyrium scoparium), big bluestem (Andropogon
gerardii), switchgrass (Panicum virgatum), indiangrass (Sorghastrum nutans), and

broomsedge (Andropogon virginicus). Oak-hickory (Quercus-Carya) forests and a
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limited number of leased agricultural fields (millet and soybeans) are interspersed among
the grasslands. Portions of most larger fields are leased for haying. In addition to native
grasses, these fields contain non-native cool-season grasses such as tall fescue (Lolium
arundinaceum ), orchardgrass (Dactylis glomerata), timothy (Phleum pretense), and

smooth brome (Bromus inermis).

METHODS

Nest searching.— Nest searches were concentrated in fields that contained
Henslow’s sparrow and grasshopper sparrow territories because these species were the
most difficult to locate at Fort Campbell. We systematically searched fields between 1
May — 30 July by looking for males on territory or exhibiting nesting behavior. We used
behavioral cues, such as birds flushing or chipping close to observer and birds carrying
nesting material, food or fecal sacs, to locate nests. We monitored nests of all species
found. Once nests were located, we placed a flag at least 5 m from the nest, and detailed
maps of nest locations were drawn. Nests were monitored every 3-4 d to determine nest
fate.

Vegetation sampling.—We sampled vegetation at all grasshopper sparrow,
Henslow’s sparrow, and eastern meadowlark nests and at least 20 randomly-selected
dickcissel and field sparrow nests each year. We measured nest site vegetation within 2
weeks of completion of nesting activities. We pooled measurements among all years to
ensure adequate sample sizes for analysis of all species, and to provide a sample of nest

conditions present across multiple years.
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We collected vegetation measurements in up to 30 selected fields per year to
represent habitat availability. Some fields were converted to row crop agriculture during
the study and sampling was discontinued. Within each field, up to 10 vegetation plots,
depending on field size, were randomly located at least 50 m apart. Field sizes ranged
from 3 to 600 ha. We measured grass height, litter depth, percent cover, and vertical
cover centered on the nest site or random plot. Percent cover was visually estimated
within a 1-m? frame and divided into litter, bare ground, woody, dead woody, cool-
season grass, native warm-season grass, and forb cover. Litter included all dead
vegetative matter on the ground. To assess vertical cover, we placed a density board (15
X 15 cm squares; 2 squares wide and 10 squares high) 15 m from the center of the
vegetation point (or nest) and counted the squares obstructed by vegetation from the
center point (Nudds 1977).

Statisitcal analysis.— We treated all individual nest sites and random vegetation
plots as independent samples. Random vegetation plots were included as a separate
group to represent habitat available at Fort Campbell. We first examined habitat
variables at the univariate level to examine individual differences (Dieni and Jones 2003).
We calculated a correlation matrix estimate the relationship for all combinations of
variables, and an ANOVA to examine differences among nest sites of all the species and
random plots. Additionally, we used a post hoc comparison using Dunnett’s pairwise
multiple comparison t-test to allow comparison between each species nest sites to the
random vegetation plots. All percentages were transformed using an ARCSIN
transformation. The significance level was set at oo = 0.05 for all tests.

We examined multivariate relationships among the nest habitat variables of the five bird species
(without the random vegetation plots) using discriminant function (DF) analysis. We then tested
the ability of the DF to classify nesting habitat among the 5 species by generating a classification

71



table using a jackknife procedure. We used the coefficients generated by the DF to calculate
average (2 * SE) group centroids for each species and for the random vegetation plots. We
further grouped each of the random vegetation plots by number of years since prescribed burn (0
to 3 years post burn) to plot average centroids for each group of random vegetation points.

RESULTS

We monitored 522 nests of the focal species between 2001-2003. A total of 314 nest
vegetation plots were measured. Vegetation measurements were collected at 379 random
plots in the selected fields in 2001 (n=181), 2002 (n = 107) and 2003 (n=91).

Univariate analysis.— Each habitat variable differed between nest site and random
plots for at least 1 species (Table 1). Eight of 12 habitat variables measured at Henslow’s
sparrow and grasshopper sparrow nest sites differed from random plots, whereas 6 of 12
variables differed between random sites and dickcissel, field sparrow, and eastern
meadowlark nest sites. Considering all habitat measurements, each species varied from the
random plot measurements independently. Litter depth was greater at nest sites than
random plots for all species. Nest sites also had less bare ground cover and greater grass
height than random plots for all species except grasshopper sparrows. Henslow’s sparrow
nest sites had the greatest warm-season grass cover, eastern meadowlark nest sites had the
greatest cover of cool-season grass, and field sparrow nest sites had the greatest cover of
woody vegetation.

Multivariate analysis.— A correlation matrix showed only one pair of habitat
variables highly correlated (r > 0.70). Percent woody vegetation cover was highly
correlated with woody vegetation height (r = 0.92), and woody vegetation height was
removed from further analysis. Four discriminant functions were derived (Wilk’s Lambda,
P <0.05). The first 2 functions accounted for 91% of the total discriminating power of the

DFA (Table 2). The first discriminant function (DF1) was most correlated with mean litter
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depth (r = 0.59) and vertical cover (r = 0.63). The second discriminant function (DF2) was
most correlated with percent forb cover (r = 0.55) and percent warm-season grass cover (I
=-0.50). The relative ability of the discriminating functions to separate groups, indexed by
the correlation coefficients, was somewhat greater for DF1 (r = 0.73) than for DF2 (r =
0.54).

Overall, 52% of the individual nest sites were correctly classified, which is greater
than expected by random chance (20%; Table 3). Dickcissel and field sparrow nest sites
were least likely to be classified correctly (41% and 49%, respectively) with the greatest
misclassification occurring between the two species. Most grasshopper sparrow and
Henslow’s sparrow nest sites were correctly classified (63% and 59%, respectively).

The group centroid for the random locations was located near the middle of group
centroids for all five grassland bird species (Fig. 1). The group centroids for dickcissel and
field sparrows showed overlapping standard errors. The group centroid for the 3 years
post-burn was separated from the other year since burn groups and the overall random plot
centroid, but overlapped the group centroids for dickcissel and field sparrows.
DISCUSSION
Our univariate analysis revealed distinct differences between the habitats selected for
nesting by each species and available habitat at Fort Campbell, as represented by random
vegetation plots (Table 1). Litter depth in the random plots was close to half the litter depth
at the nest sites of all five species. Random plot averaged more than twice the forb cover
as nest sites for eastern meadowlarks and Henslow’s Sparrows. Also random plots
averaged half the grass height and twice the bare ground cover for all species nest sites

except grasshopper sparrows. All of these differences indicate the frequency (1-3 years) of

73



habitat management is too short to maintain the maximum area of diverse habitat for all
five species. At Fort Campbell, Moss (2001) found litter depth increased as the duration
between disturbances (years since prescribed burning) increased from 0 to 3 years post-
disturbance.

Multivariate analysis generally matched the nest-site selection patterns found in the
univariate analysis (Fig. 1). The DF1 was positively associated with litter depth and
vertical vegetation density, and can be thought of as an index of time since disturbance (fire
or mowing) in the fields. The DF2 was positively associated with forb cover and
negatively associated with native warm-season grass cover and cool-season grass cover,
and represents the ratio of forb cover to grass cover, increasing as the relative amount of
forb cover increases.

Using the group centroids to represent the relative multivariate niche space of
sampled nesting habitat for each species, the grasshopper sparrow centroid appeared to be
the most distinct compared to the niche space of the other species (Fig. 1). Eastern
meadowlarks used habitat intermediate between grasshopper sparrow and Henslow’s
sparrow habitat. Niche space of dickcissels and field sparrows overlapped considerably,
thus explaining the low success rate of the jack-knife validation procedure (Table 3).

Although niche space of field sparrows almost completely overlapped with
dickcissels, our sample of field sparrow nest sites may be somewhat biased. Most nest
searching activity was concentrated in open fields where grasshopper sparrows and
Henslow’s sparrows were present. Field sparrows will use areas near woody edges (Carey
1994), whereas both Henslow’s sparrows and grasshopper sparrows tend to choose areas

with sparse woody vegetation (Herkert 2003). Our sample of field sparrow nests was most
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likely biased toward open field nests and away from nests near woody edges, where some
field sparrows undoubtedly nested.

The centroid for the random vegetation plots indicated available habitat had
intermediate litter depth and vertical cover (DF 1), and a relatively large proportion in forb
cover and low proportion in grass cover (DF 2, Fig. 1). When we grouped the random
vegetation points by year since burn (Fig. 1), we found only the 3 years after burn group
separated from the average of all the random points and had overlapping standard errors
with the field sparrow and dickcissel nest site vegetation plots. In a large portion random
plots, burning occurred annually (Moss 2001). Annual burning was intended to keep the
fields clear of woody vegetation for military training purposes, and tended to favor forbs.

Microhabitat features may not be the only factors influencing nest-site selection.
The occupancy of habitats may be influenced by other local factors such as food
availability, competition, predation levels, climate, and landscape factors (e.g., patch size
and landscape composition). For example, grasshopper sparrows and eastern meadowlarks,
which are generally considered area sensitive (Herkert 1994, Vickery et al. 1999), were
only found in the largest fields at Fort Campbell (>100 ha). Even when the microhabitat
seemed suitable, the smaller fields were unoccupied by these species. Conversely,
Henslow’s sparrows and dickcissels were found in all fields where microhabitat was
suitable. Winter (1998) found dickcissel and Henslow’s sparrow populations reacted more
to close proximity of grassland patches than size individual patches. Because of the high
percentage of grassland cover at the landscape scale (>30%, D. Moss, Fort Campbell,
unpublished data), Fort Campbell has potential to provide more habitat for these two

species. However, the microhabitat would need to be managed for deeper litter depth and
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more grass cover by burning less frequently (every 3-4 years) to increase the quantity of

suitable habitat.

MANAGEMENT IMPLICATIONS

The diversity of conditions selected for by these 5 grassland species highlight the need to
manage for a diversity of conditions in grasslands if overall grassland bird conservation is
the goal. Our understanding of how to manage grassland habitats to create these
conditions is increasing. For example, if more dickcissel or field sparrow habitat is
desired, then burning less frequently (e.g., 3-year rotation rather than 1-2 year rotation)
will allow for taller vegetation with a greater warm-season grass component to develop in
Kentucky and Tennessee (Moss 2001). In contrast, grasshopper sparrow habitat can be
maintained by more frequent disturbance, in the form of burning which will reduce litter
depth (Gruchy 2007). Season of burn also becomes critical for control of woody
vegetation in these fields. Gruchy (2007) found that late growing season burns were far
more effective at controlling woody vegetation that dormant season burns on various
grassland in Tennessee.

It is important to recognize, however, that when fields are small (e.g., <10 ha),
which is often the case at Fort Campbell, it is difficult to create the entire range of
conditions required by all grassland bird species in any one field at any one time.
Therefore, under these circumstances, it is necessary to manage a suite of fields with
different types and timing of disturbance to provide for all the habitat conditions required

to sustain a grassland bird community.
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Figure 1. Group centroids (+ 2*SE) of the nest site vegetation measurements for
dickcissels (DICK), field sparrows (FISP), grasshopper sparrows (GRSP), Henslow's
sparrows (HESP), eastern meadowlarks (EAME) and random locations (RANDOM) at
Fort Campbell Army Base, Kentucky, 2001-2003. The group centroids were generated
using the coefficients from the discriminant function analysis for the nest sites of the five
grassland birds. The random vegetation sites were then grouped by years-since-burn

(Burn0-Burn 3).
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TABLE 1: Vegetation measurements for nest sites of five songbird species and randomly selected plots at Fort Campbell Army Base,
Kentucky, 2001-2003. For each habitat variable, the values for each bird species are compared to those of random plots (Dunnett’s

t-test: * = P <0.05).

% Litter % Bare ground % Woody % Dead woody % Cool-season grass % Warm-season grass
Nest/Site Type n mean SE mean SE mean SE mean SE mean SE mean SE
Dickcissel 71 37 0.6 4.6 08 * 94 23 09 03 * 12.9 2.0 16.7 3.0
Eastern Meadowlark 45 84 1.6 42 08 * 1.4 09 0.0 0.0 46.5 4.0 * 16.5 33
Field Sparrow 72 6.7 1.0 33 06 * 148 23 * 12 04 * 9.9 1.7 24.8 33
Grasshopper Sparrow 70 100 19 * 11.4 1.5 0.8 04 * 0.0 0.0 26.5 33 * 13.1 2.2
Henslow's Sparrow 56 76 13 32 05 * 1.0 05 * 04 02 21.7 3.5 * 435 3.6
Random 379 6.5 0.5 11.4 2.0 6.7 1.6 03 0.1 12.5 2.1 22.0 2.6
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TABLE 1. Continued.

% Forbs Herbaceous height (cm) Grass height (cm) Woody height (cm) Litter depth (mm) Vertical cover
Nest/Site Type n  mean SE mean SE mean SE mean SE mean SE mean SE
Dickeissel 71 516 35 58.2 3.7 % 39.1 3.0 * 325 6.0 * 6.6 03 * 22.0 16.7
Eastern Meadowlark 45 230 28 * 38.5 2.3 39.4 34 % 29 1.2 9.1 04 * 13.8 7.6
Field Sparrow 72 389 35 49.7 2.5 40.5 26 * 46.5 6.1 * 59 04 * 26.1 16.3
Grasshopper Sparrow 70 382 33 * 30.6 22 % 26.5 1.7 2.1 0.8 11.1 04 * 9.5 4.1
Henslow's Sparrow 56 220 24 * 56.1 53 * 48.8 3.1 % 7.3 2.4 6.8 03 * 18.3 9.0
Random 379 400 2.8 41.3 2.8 18.7 3.1 12.3 3.5 3.9 0.6 20.2 12.1
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TABLE 2. Discriminant function coefficients and summary for nest-site habitat
characteristics of five grassland bird species, Fort Campbell Army Base, Kentucky and

Tennessee, 2001-2003.

Variable DF1 DF2 R’
Constant -1.112 2.146

Forb cover -1.129 0.273 0.930
Warm-season grass cover -0.944 -2.711 0.920
Cool-season grass cover -2.638 -2.125 0.917
Woody cover -1.561 0.978 0.804
Litter cover -2.965 -2.441 0.688
Bare ground cover -5.193 3.866 0.616
Litter depth (mm) 0.121 0.055 0.438
Vertical density 0.187 -0.074 0.406
Grass height (cm) -0.001 -0.012 0.290
Herbaceous height (cm) 0.004 -0.003 0.283
Dead woody cover 6.517 -1.311 0.192
% of variance 67.9 23.2

Canonical correlation 0.73 0.54

P <0.01 <0.01
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TABLE 3. Re-classification table from the Discriminanat Function analysis for five

grassland songbirds at Fort Campbell Army Base, Kentucky and Tennessee, 2001-2003.

Predicted
Correct
Actual DICK EAME FISP GRSP HESP Total classification
DICK 29 3 20 5 14 71 41%
EAME 3 23 1 9 9 45 51%
FISP 22 1 35 0 14 72 49%
GRSP 9 15 0 44 2 70 63%
HESP 6 9 6 2 33 56 59%
Total 314 52%
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