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Topographic Patterns of Nest Placement and Habitat Quality
for Grassland Birds in Tallgrass Prairie
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AsstracT.—Much of the tallgrass prairie remaining in North America occurs in hilly
regions, such as the Flint Hills of Kansas and Oklahoma. Despite the conservation importance
of these areas for grassland birds, little is known about how topographic variation in habitat
affects the nesting ecology of these species. We examined topographic patterns of nest
distribution, daily nest survival and nest-site selection for three species: Dickcissel (Spiza
americana), Grasshopper Sparrow (Ammodramus savannarum) and Eastern Meadowlark
(Sturnella magna) . Dickcissels shifted from nesting more in lowlands to uplands as the season
progressed. Grasshopper Sparrows and Eastern Meadowlarks generally nested in midland
habitats, but seasonal differences were still evident in the relative proportions of nests found
in lowlands vs. uplands. Topography did not affect nest survival of Dickcissels or Grasshopper
Sparrows and had only a marginal effect on nest survival for Eastern Meadowlarks. Nest
survival for Dickcissels and Grasshopper Sparrows was highly dependent on nestsite
vegetation, however. Dickcissels and Eastern Meadowlarks both experienced greater daily
nest survival with increasing vertical vegetation structure at nest sites, whereas daily nest
survival for Grasshopper Sparrows increased with increasing cover of litter and grass.
Although topography may not affect nest survival directly, it may have indirect effects
mediated through nest-site vegetation because of selective nest placement. For example,
Dickcissels and Eastern Meadowlarks selected sites with greater vertical vegetation structure
than generally available, even in upland sites where vegetation structure was reduced.
Conservation planning for grassland birds may thus need to consider how topographic
variation affects habitat quality within hilly regions where much of the remaining tallgrass
prairie occurs.

INTRODUCTION

Grassland bird populations have exhibited widespread declines in North America over the
past 50 y, presumably because of the wholesale loss and degradation of their breeding
habitat (Askins, 1993; Herkert, 1995; Peterjohn and Sauer, 1999). Less than 5% of tallgrass
prairie remains (Samson and Knopf, 1994), and much of that is located in hilly regions such
as the Flint Hills of Kansas and Oklahoma, the Sand Hills of Nebraska, and the Loess Hills of
Iowa. Despite the presumed conservation importance of these areas for grassland birds, the
effect of topography on habitat quality and the settlement patterns of nesting birds has
rarely been considered. In the Flint Hills, for example, topographic position has been
associated with variation in habitat quality for Dickcissels (Spiza americana). Males settled
first in old agricultural fields with taller denser vegetation (i.e., lowland sites) and had more
females and nests per territory than males that arrived later and/or defended a territory in
upland pastures (Zimmerman, 1971, 1982). In southwestern Wisconsin, greater densities of
Bobolink (Dolichonyx orvzivorus) and Savannah Sparrow (Passerculus sandwichensis) were

!Present address: Natural Resources and Environmental Sciences/MS 186, 1000 Valley Road,
University of Nevada, Reno 89512. Telephone: (775)784-6558; e-mail: freyc2@unr.nevada.edu

2Present address: Department of Biological Sciences, Campus Box 4050, Emporia State University,
Emporia, Kansas 66801. Telephone: (620)341-5339; e-mail: wjensenl@emporia.edu

f/‘Corresponding author: Telephone: (785)532-5040; FAX (785)532-5652; e-mail: kwith@ksu.edu

220



222 THE AMERICAN MIDLAND NATURALIST 160(1)

w *—“ﬁ
T

Fi6. 1.—Unplowed tallgrass prairie (gray) in the Flint Hills of Kansas and Oklahoma, and shaded
relief maps of northern and southern regions. Locations of study sites are indicated by black circles

We selected 18 sites that encompassed the major grazing practices within the Flint Hills,
with six sites in each of the northern, central and southern regions (Fig. 1). Site treatments
consisted of intensive early-stocking (grazed approximately Apr. 15—Jul. 15 at a stocking
density of 1.25 cattle/ha) and burned in Apr. just before the 2004 field season (IESB) or
season long-stocking (grazed approximately Apr. 15-Oct. 15 at a stocking density of

0.6 cattle/ha) and burned (SLSB) or not burned (SLSU) just before the 2004 field season
(Owensby et al., 1995). Within sites, we placed 5-ha plots (320 m 3 160 m) so they
incorporated the representative topographic relief of each pasture.

NEST SURVEYS

We found nests by rope-dragging to flush incubating females and occasionally through
observation of parents or incidental to other field activities. We actively searched for nests
every 7-10 d, starting 26 Apr. in the southern region 10 May in the central region and 25
May in the northern region. To ensure a uniform search effort, the entire 5-ha plot was
dragged during each nest search. We marked nests at a distance of 5 m (5 paces) with a flag
and relocated them on subsequent visits using a hand-held Global Positioning System unit.
We visited nests every 3—4 d (rarely 5 d) to determine nest contents and nest fate. Nests were
considered successful if they fledged at least a single host young (i.e., we excluded nests that
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TaBLE 2.—Summary of factors affecting site vegetation on grazed grasslands in the Flint Hills

Habitat characteristic Model® Factors” F dfe P
VOR (cm) Factorial Topo*Mng*Season 0.77 2, 581 0.46
Final Topo 2.14 1, 598 0.14
Mng*Season 9.85 2, 577 0.01
Grass-Litter (PC1) Factorial Topo*Mng*Season 0.92 2, 561 0.40
Final Topo*Season 2.79 1, 563 0.10
Mng 5.34 2,15 0.02
Forb (PC2) Factorial Topo*Mng*Season 1.82 2, 529 0.16
Final Topo*Season 7.77 1, 529 0.01
Mng 4.97 2,15 0.02

“ All models were fit with all lower-level interactions and main effects; only tests for higher-order
effects are shown

b Topo  topographic position (lowland, midland, upland); Mng  management treatment (IESB,
SLSB, SLSU); Season  early vs. late season

“df  Satterthwaite degrees of freedom (numerator, denominator)

Litter and grass cover (PCl) were significantly affected by both management and the
interaction between topographic position and time (Table 2). In terms of management
effects, litter and grass cover were greatest in season-long stocked pastures that were
unburned (SLSU; 0.91 6 0.34), intermediate in season-long stocked pastures that were
burned (SLSB; 0.37 6 0.34) and least in intensive-early stocked pastures that were burned
(IESB; 0.54 6 0.34). Comparisons among management types indicate that grass and litter
cover was significantly lower in IESB and SLSB than in SLSU (IESB vs. SLSB: ¢, 298, P

0.01; IESB vs. SLSU: t;5 2.65, P 0.02). The interactive effect of topography and
time is explained by the apparent increase in litter and grass cover with increasing elevation
during the early part of the season (Fig. 3b), which was most pronounced in midlands and
uplands (lowland: 4559  1.97, P 0.05; midland: 4555 5.58, P 0.01; upland: 64
511, P  0.01; Fig. 3b).

Forb cover (PC2) was likewise affected by management and the interaction between
topographic position and time (Table 2). In terms of management, forb cover was greatest
in IESB (0.41 6 0.16), intermediate in SLSB ( 0.12 6 0.16) and least in SLSU ( 0.27 6
0.16). Comparisons among management types revealed that forb cover was significantly

different in IESB compared to SLSB (45, 2.36, P 0.03) and SLSU (45 2.99, P

TasLE 3.—Principal Component Analysis of site vegetation and nest vegetation data for grassland
birds nesting in the Flint Hills. DICK  Dickcissel nests, GRSP  Grasshopper Sparrow nests, EAME
Eastern Meadowlark nests. Only retained components (PC1 and/or PC2) are displayed. Bold values
indicate significant loadings

Site (. 1139) DICK (n  147) GRSP (n  115) EAME (n  75)

Vegetation measure PC1 PC2 PC1 PC1 PC2 PC1 PC2
Grass 0.40 0.13 0.41 0.06 0.77 0.06 0.82
Forb 0.05 0.99 0.48 0.23 0.62 0.37 0.50
Litter 0.64 0.09 0.55 0.69 0.05 0.68 0.08
Ground 0.66 0.07 0.55 0.69 0.17 0.64 0.29
Eigenvalue 1.71 1.00 2.15 1.60 1.11 1.70 1.08

Proportion variation explained  0.43 0.25 0.54 0.40 0.28 0.43 0.27
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Fi6. 4—Model-averaged estimates of daily nest survival for (a) Dickcissel, (b) Grasshopper Sparrow
and (c) Eastern Meadowlark, with unconditional st (error bars 1 sE). Estimates were calculated across
time of season at minimum, intermediate and maximum values for the corresponding vegetation
covariate, holding all other covariates at their mean

0.01). Topographic effects on forb cover changed over the season, with higher forb cover in
lowlands early in the season (4595 1.76, P 0.08), but higher forb cover in uplands later
in the season (f330 2.72, P 0.01; Fig. 3c¢).

Nest vegetation at Dickcissel nests was best described by the first principal component
(PC1), which described an inverse relationship between grass/litter cover and forb/bare
ground cover (Table 3). The first two principal components were retained to describe nest-
site characteristics of Grasshopper Sparrows and Eastern Meadowlarks (Table 3). For these
two species, components had a similar interpretation. For PC1, litter cover increased as bare
ground decreased, and as PC2 increased, cover of grass and forb increased (Table 3).

DAILY NEST SURVIVAL

Topographic position was of little importance to Dickcissel DNS in the models we
examined relative to VOR at nests and time of season (Table 4). Dickcissel DNS was
described well by a constant survival rate, but there were several models that were equally
parsimonious (D AIC, 2.0) and the model with VOR had only a slightly smaller Akaike
weight (AIC, w;) than the constant model (Table 5). Daily nest survival was predicted to
decrease 4-6%/day across all VOR values after model averaging (Fig. 4a). This translates to
a 6.5% vs. 22% overall nest success between nests that had the lowest observed VOR (0 c¢m)
vs. those with the highest observed VOR (62.5 cm), respectively.

Topographic position also had a minimal effect on Grasshopper Sparrow DNS compared
to the effect of litter and bare ground cover (PCI) at nests and time of season (Table 4).
Litter and bare ground cover (PC1) occurred in all three of the top models indicating that it
was an important variable in this analysis (Table 4). The top two models also included
additive effects for time of season (Table 4). Model-averaged estimates indicated an increase
of 6-11% in DNS between the observed extremes in litter and grass cover (Fig. 4b). There is
a 4% vs. 27% probability of nest success when observed cover of litter (PC1) was low (2.0) vs.
high ( 3.0), respectively. Daily nest survival for Grasshopper Sparrows also declined
throughout the season, and this effect was more pronounced than that observed for
Dickcissels (Fig. 4b).

Topographic position was the most important covariate considered for Eastern
Meadowlarks; however, the best description of DNS was the constant rate (Table 4).






