The Effects of Habitat Fragmentation on Midwestern Grassland Bird Communities
Author(s): James R. Herkert

Source: Ecological Applications, Vol. 4, No. 3, (Aug., 1994), pp. 461-471

Published by: Ecological Society of America

Stable URL: http://www.jstor.org/stable/1941950

Accessed: 13/04/2008 15:55

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of ajourna or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/acti on/showPublisher ?publisherCode=esa.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is anot-for-profit organization founded in 1995 to build trusted digital archivesfor scholarship. We enable the
scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that
promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

http://www.jstor.org


http://www.jstor.org/stable/1941950?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=esa

Ecological Applications, 4(3), 1994, pp. 461-471
© 1994 by the Ecological Society of America

THE EFFECTS OF HABITAT FRAGMENTATION ON
MIDWESTERN GRASSLAND BIRD COMMUNITIES!

JAMES R. HERKERT?
Department of Ecology, Ethology, and Evolution, University of Illinois, Champaign, Illinois 61820 USA

Abstract.  The influence of area and vegetation structure on breeding bird communities
associated with 24 Illinois grassland fragments (0.5-600 ha) was studied between 1987 and
1989 to document the effects of habitat fragmentation in a severely fragmented midwestern
landscape. Fragment area strongly influenced bird communities within grasslands and
accounted for a high percentage of the variation in mean breeding bird species richness
among fragments (R? = 0.84). Breeding bird species richness patterns within 4.5-ha sub-
sections of these grasslands also significantly increased with fragment size. Eight of the 15
(53%) most common bird species had distributions among fragments that were significantly
influenced by habitat area, whereas six species (40%) had distributions within fragments
that were significantly influenced by vegetation structure only. The Dickcissel (Spiza amer-
icana) was the only species with a distribution within fragments that was not significantly
associated with either habitat area or vegetation structure. Four groups of birds were
identified by an analysis of habitat area and vegetation structure preferences of individual
species: area-sensitive species (5 species), edge species (3), vegetation-restricted species (6),
and the Dickcissel. Estimates of minimal area requirements for the five area-sensitive
species ranged from 5 to 55 ha. Discriminant analyses of habitat suitability within fragments
suggests that the absence of area-sensitive grassland bird species from some small fragments
may result, in part, from limited habitat availability. All five area-sensitive species, how-
ever, also regularly avoided structurally suitable habitat on small grassland fragments. As
aresult of the considerable extent to which native and, more recently, agricultural grasslands
have declined in the Midwest, habitat fragmentation is likely to have caused midwestern

grassland bird declines, especially for area-sensitive species.
Key words:  bird population declines; habitat fragmentation; habitat selection; midwestern grassland

birds; species-area relationship.

INTRODUCTION

Agricultural and urban development have severely
reduced and fragmented native habitats throughout the
midwestern United States. The dynamics of popula-
tions inhabiting terrestrial habitat fragments have re-
ceived considerable research attention, including stud-
ies of birds (e.g., Whitcomb et al. 1981, Robbins et al.
19894, Robinson 1992), mammals (Gottfried 1979,
Matthiae and Sterns 1981, Yahner 1992), invertebrates
(Shreeve and Mason 1980, Murphy and Wilcox 1986,
Webb 1989), and plants (Hoehne 1981, Levenson 1981,
Weaver and Kellman 1981, Simberloff and Gotelli
1984, Soulé et al. 1992). Perhaps the most extensively
studied system thus far is the breeding birds of eastern
North American deciduous forests, where several re-
searchers have shown that habitat fragmentation ad-
versely affects many forest bird species (e.g., Galli et
al. 1976, Robbins 1979, 1980, Whitcomb et al. 1981,
Ambuel and Temple 1983, Howe 1984, Lynch and
Whigham 1984, Freemark and Merriam 1986, Blake

! Manuscript received 24 March 1993; revised 7 April 1993;
accepted 30 June 1993.

2 Present address: Illinois Endangered Species Protection
Board, 524 South Second Street, Springfield, Illinois 62701
USA.

and Karr 1987, Hagan and Johnston 1992). In partic-
ular, many characteristic forest bird species are absent
from small habitat patches (Robbins et al. 19894), and
some long-term censuses of small woodlots have doc-
umented population declines (e.g., Lynch and Whit-
comb 1978, Robbins 1979, Leck et al. 1981, 1988,
Askins and Philbrick 1987, Johnston and Hagan 1992).
Although there is general agreement on the effects of
fragmentation on breeding birds within forest habitats,
the mechanisms that account for these trends are not
clear (Lynch 1987, Martin 1988).

The effect of habitat fragmentation on midwestern
grassland bird communities has received compara-
tively little attention despite the fact that loss of grass-
land habitat has exceeded loss of forest habitat
throughout much of the midwestern United States (e.g.,
Smith 1981, Iverson 1988, Sample 1989). In addition,
many grassland bird species are currently experiencing
significant population declines that exceed those ex-
hibited by most forest species (Robbins et al. 1986,
19895, Herkert 1991). Fifty percent of the 26 grassland
bird species known to breed in Illinois (Graber and
Graber 1963, Bohlen 1989) have populations that are
significantly declining nationally and/or regionally,
based on population estimates from the United States
Fish and Wildlife Services’ Breeding Bird Survey (BBS)
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TABLE 1.
species known to breed in Illinois.
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National and regional estimated population trends and relative abundance within fragments for 26 grassland bird

BBS population estimate

Relative abundance within fragments

Average den-

(1966-1991) Transects S e
Species U.S. trend Illinois trend No. % (males/100 ha)

Ring-necked Pheasant —33* —63 11 12 9.8
Greater Prairie-Chicken -96 § 0 e e
Northern Bobwhite —46* —57* 7 7 14.1
Killdeer +16 +482%* 3 3 8.9
Upland Sandpiper +142%* 0 14 15 10.9
Mourning Dove -2 —-14 4 4 9.1
Short-eared Owl -2 § 0 e e
Common Nighthawk -2 —-14 0 .o B
Horned Lark —-14 +10 4 4 18.0
Sedge Wren +56 -7 12 13 39.0
Common Yellowthroat =5 —18 38 42 24.1
Dickcissel —35%* —62 44 49 27.0
Field Sparrow —58%* —58** 27 30 27.7
Vesper Sparrow —-22 -2 3 3 12.0
Lark Sparrow —59** -95 0
Savannah Sparrow —28* —63* 23 25 25.4
Grasshopper Sparrow —69** -85t 42 47 31.1
Henslow’s Sparrow —68** § 13 14 20.8
Song Sparrow -7 -9 20 22 22.9
Swamp Sparrow +64** —-18 9 10 24.0
Bobolink —38%* —93** 23 25 81.8
Red-winged Blackbird —24* -16 84 93 50.7
Eastern Meadowlark —43%* —61** 72 80 26.4
Western Meadowlark —-12 —86** 1 1 9.0
Brown-headed Cowbird —16 +81t 6 8.9

American Goldfinch —28* —24* 35 19.5

TP <.10,*P < .05, **P < .0l
T Population estimates are derived from the United States

Fish and Wildlife Service’s Breeding Bird Survey (BBS) for the

period 1966—1991 (USFWS, unpublished data). Refer to Geissler and Sauer (1990) for details on how BBS trends are estimated

and tested for statistical significance.
§ Too rare for meaningful trend analysis.

data (Table 1). Grassland species such as the Grass-
hopper Sparrow (Ammodramus savannarum) and
Henslow’s Sparrow (Admmodramus henslowii) have
declined by nearly 70% in the U.S. over the last 25 yr
(Table 1). In Illinois, four grassland bird species, the
Bobolink (Dolichonyx oryzivorus), Western Meadow-
lark (Sturnella neglecta), Grasshopper Sparrow, and
Lark Sparrow (Chondestes grammacus) have declined
by >85% since 1966 (Table 1).

The distinction between grasslands and row-crop ag-
riculture may not be as sharp as the distinction between
forest fragments and the surrounding landscape. Con-
sequently grassland birds might respond to habitat
fragmentation differently than do forest bird species.
However, Samson (1980a) showed that several grass-
land bird species were influenced by fragment area in
a study of 14 prairie fragments in Missouri. In addition,
in a study of eight grassland fragments in Minnesota,
Johnson and Temple (1986, 1990) showed that Grass-
hopper Sparrows and Western Meadowlarks were more
likely to nest in large grassland fragments and that nest
predation rates for grassland bird species were lower
in large grasslands than they were in small fragments.
Others have shown that area influences individual spe-

cies in other “grassland” habitats. In the northeastern
United States, Bobolinks, Upland Sandpipers, Hen-
slow’s Sparrows, and Grasshopper Sparrows inhabiting
hayfields, old fields, and pastures all appear to be area-
sensitive (Peterson 1983, Bollinger 1988, Bollinger et
al. 1990, Bollinger and Gavin 1992, Smith 1992).
The purposes of this paper are to (1) document the
effects of habitat fragmentation on grassland birds in
an extremely fragmented midwestern landscape and
(2) assess the likelihood that habitat fragmentation may
be causing declines in midwestern grassland bird pop-
ulations. In Illinois <1000 ha of high-quality prairie
habitat remains of the state’s former 8.7 x 10°¢ ha
(Iverson 1988). Additionally, the amount of secondary
grassland habitat (i.e., hayfields, pastures) has also re-
cently declined. Between 1960 and 1989 the land area
of hay in Illinois declined by more than half (850 000
to 400 000 ha) and Illinois pasture area has also de-
clined by >75% since 1906 (Herkert 1991). The extent
of this native (>99%) and more recent secondary (=53-
75%) grassland habitat loss, and present intensity of
row-crop agriculture (>90% of the surface area in many
regions; O’Neill et al. 1988) probably ranks grassland
habitat in Illinois among the most highly fragmented
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FiG. 1. Location of grassland study areas.

and endangered ecological systems in the eastern Unit-
ed States.

METHODS
Study areas

The breeding birds of 24 grassland areas in north-
eastern and north-central Illinois (Fig. 1) were studied
between 1987 and 1989 (n = 8 areas, 1987; n = 24
areas, 1988-1989). Study areas ranged from 0.5 to 650
ha and included native prairie, restored prairie, and
cool-season grass fields. Study areas were selected to
provide a representative sample of the grassland areas
in the study region. No xeric grasslands, hill prairies,
or agricultural areas (e.g., hayfields, pastures) were in-
cluded. All study areas were publicly owned and were
undisturbed (i.e., no mowing or burning) during the
breeding season (1 May-30 June). Study areas were
categorized into three classes for analyses: native prai-
rie (12 sites, range 0.5-6 50 ha); restored prairie (4 sites,
range 4-20 ha); and nonprairie grasslands (8 sites, range
6-238 ha). Dominant grass species from the native and
restored prairie study areas included big bluestem (An-
dropogon gerardii), Indian grass (Sorghastrum nu-
tans), panic grass (Panicum spp.), cord grass (Spartina
pectinata), prairie dropseed (Sporobolus heterolepis),
and upland sedges (Carex spp.). Dominant grass spe-
cies from the nonprairie areas included Kentucky blue-
grass (Poa pratensis), meadow fescue (Festuca praten-
sis), smooth brome grass (Bromus inermis), timothy
(Phleum pratense), orchard grass (Dactylis glomerata),
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and red-top (4grostis alba). Plant species nomenclature
follows Mohlenbrock (1 986).

Bird community composition

Only birds that potentially breed in grassland habitat
in Illinois (Graber and Graber 1963, Bohlen 1989) were
included in the analyses. Bird censusing was conducted
using strip transects (Emlen 1 977, Conner and Dickson
1980). Strip transects were 300 m in length and all
singing male birds within 75 m on either side of the
transect were counted. Detection distances for all grass-
land bird species included in this study exceed 75 m
(J. R. Herkert, unpublished data); therefore all species
within transects should have been detectable. Each bird
transect was censused 3—4 times between 15 May and
30 June, between 0600 and 1000 local time. Bird cen-
suses were timed to correspond to the height of the
nesting season for the target species (median first and
last Illinois egg dates for the 19 grassland bird species
encountered in the study are 9 May and 10 July re-
spectively; Bohlen 1989). Sections of study areas not
covered by strip transects were systematically searched
to supplement the species list for each site, with the
amount of additional census effort proportional to frag-
ment area so that coverage per unit area was approx-
imately equal for all sites. Records from all visits toa
site were combined to yield a total species list. The
Bobolink has a distribution that is restricted primarily
to northern Illinois (Bohlen 1989; J. R. Herkert, per-
sonal observation). Therefore, analyses involving the
Bobolink were restricted to sites north of40° N latitude.

Vegetation sampling

Vegetation structure was sampled each year at 40
randomly located sites within each bird census transect
by passing a 0.6-cm diameter metal rod vertically
through the vegetation and counting the number of
contacts by different vegetation types (live grasses, live
forbs, and dead plant material) in successive 25-cm
intervals of height (cf. Rotenberry and Wiens 1980).
Eight vegetation variables were collected from each
bird census transect: mean litter depth (LD), mean grass
height (GHT), mean vegetation height (VGHT), mean
number of live grass contacts (HTSGR), mean number
of live forb contacts (HTSFB), mean number of total
(live grass, live forb, dead plant material) contacts
(TOTHT), percent live contacts (PCTLYV), and woody
stem density (SHRUB). Measurements of vegetation
structure were collected each year between 10 and 25
May, with sampling beginning in the southernmost
sites and progressing northward.

Data analysis

The relationship between area and bird species rich-
ness was examined using exponential (semi-log) re-
gression models. Several authors have suggested that
species-area relationships may result simply from the
fact that large areas typically contain more individuals,
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and ultimately more species, than small areas (Connor
and McCoy 1979, Coleman et al. 1982, Boecklen 1986).
To test this possibility, bird species richness per unit
area within small and large fragments was analyzed by
comparing counts from standardized 4.5-ha transects
within small and large fragments. If birds on small
fragments are merely subsamples of birds found within
large fragments, then bird species richness per unit area
would be expected to be the same for all fragments
regardless of size. Because species richness data from
multiple transects within specific fragments and counts
from the same transects between years may not be
independent, the mean number of species per transect
per fragment was used as the dependent variable in the
regression model.

Stepwise regression (Neter et al. 1985) was used to
assess the relative importance of area and habitat struc-
ture on breeding bird distribution patterns within frag-
ments. The dependent variable in the regression mod-
els was the proportion of times each species was
encountered in each transect (i.e., the probability of
encountering each species within a specific transect).
Prior to regression analyses proportions were trans-
formed using the logistic transformation (Neter et al.
1985:362). Independent variables included in the re-
gression analyses were the eight vegetation variables,
area (log,,-transformed), year, and a within-transect
heterogeneity index (HETIND), which was calculated
using a modification of Boecklen’s (1986) habitat het-
erogeneity index. HETIND measures the average Eu-
clidean distance for all sample points within a transect
in a three-dimensional scaled space created by plotting
sample points with respect to litter depth, vegetation
height, and vegetation density. Transects in which litter
depth, vegetation height, and vegetation density were
uniform at all sample points would exhibit a tight clus-
ter in the three-dimensional scaled space and result in
a low heterogeneity index. Census transects with high
variability in these measurements would form a loose
cluster and receive a high heterogeneity index.

For species in which fragment area was found to be
a significant predictor of transect occupancy, the re-
lationship between grassland area and the probability
of occurrence within fragments was modeled using lo-
gistic regression so that estimates of species minimal
area requirements could be obtained (cf. Robbins et
al. 1989q). For these analyses grasslands were divided
into 12 size categories (2 fragments x 2 yr [1988-1989]
= 4 “sites” per category), and the proportion of oc-
cupied sites was determined. Proportions were then
transformed using the logistic transformation (Neter et
al. 1985:362) and regressed on fragment area. Robbins
et al.’s (1989a) criteria for estimating minimum areas
(area at which a species probability of occurrence equals
50% of its maximum) was then used to estimate min-
imum area requirements for the area-sensitive grass-
land bird species.

Because the occurrence within transects for all area-
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FiG. 2. Number of grassland breeding bird species plotted
as a function of grassland fragment size. Symbols represent
number of species encountered per site (mean =+ 1 SE)in 1987~
1989 censuses.

sensitive species was also significantly influenced by
vegetation structure (see Results), discriminant anal-
ysis was used to estimate the degree to which vegetation
structure may have limited species distributions within
fragments. First, discriminant function analyses were
used to characterize the type of habitat used by area-
sensitive species on large fragments. In order to min-
imize the influence of area on these habitat suitability
assessments, initial discriminant functions were de-
veloped using only bird species presence or absence
and vegetation data from census transects located in
grasslands >100 ha. Census transects where the dis-
criminant functions predicted a species to be present
were classified as having suitable habitat for the species
being analyzed. Transects where the discriminant func-
tion predicted a species to be absent were classified as
unsuitable. Second, the initial discriminant functions
(developed from the large grassland data) were used to
evaluate habitat suitability for area-sensitive species
on small grasslands (< 100 ha) by predicting each spe-
cies’ presence or absence within these transects on the
basis of habitat structure data only and not fragment
area. These discriminant analyses in effect answered
the question: if census transects on small grassland
fragments were instead part of a large fragment, would
you expect to encounter area-sensitive bird species
within them based on the structure of their vegetation?

RESULTS
Area and bird species richness

Nineteen species of grassland birds were encountered
during the study (Table 1) ranging from the nearly
ubiquitous Red-winged Blackbird (which occurred on
93% of all transects) to the rare and local Western
Meadowlark (which was recorded on only one tran-
sect).

The total number of breeding bird species encoun-
tered within fragments increased significantly with
grassland area (Fig. 2). The relationship between grass-
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TABLE 2. Regression results for tests of the effects of area,
grassland type, and year on the number of breeding grass-
land bird species encountered within 24 grassland frag-
ments in Illinois (total species richness).

BREEDING BIRDS OF GRASSLAND FRAGMENTS

Source of variation ss df F R?
Full model 552.5 9 23.7%* (.83
Grassland area 50.6 1 19.5%%*
Grassland type 5.9 2 1.2
Year 3.5 2 07
Grassland area x type
interaction 5.2 2 1.7
Grassland area x year
interaction 5.2 2 1.0
Error 116.4 45
***p < 001.

land area and grassland bird species richness was sim-
ilar for all three grassland classes (native prairie, re-
stored prairie, nonprairie) and was consistent among
years (Table 2). The full regression model (Table 2)
including grassland area and type, year, and interac-
tions (area x year, grassland type X year) accounted
for a high percentage of the variation in species richness
among fragments (R? = 0.83). The simple regression
of mean (1987-1989) species richness on fragment area
alone also accounted for a high percentage of the vari-
ation in species richness among fragments (R2 = 0.84).
The comparison of species richness patterns within
4.5-ha census transects showed that species richness
also significantly increased with fragment area within
equivalent-sized subsections of these grasslands (Fig.
3). Although there was considerable variability among
fragments, transects located within large grasslands had
significantly (P < .05) more species recorded within
them than transects located in small grassland frag-
ments (Fig. 3).

Area and habitat relationships

The stepwise regression analyses showed that area
significantly influenced individual bird species pres-
ence or absence within fragments for 8 of the 15 most
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F1G. 3. Number of breeding grassland bird species en-
countered per 4.5-ha transect plotted as a function of grassland
fragment size. Symbols represent the mean number of species
encountered (1987-1989) per site (mean + 1 SE).

common species (Table 3). Area positively influenced
the probability of encountering Grasshopper Sparrows,
Henslow’s Sparrows, Bobolinks, Savannah Sparrows,
and Eastern Meadowlarks. Area negatively influenced
the probability of encountering Song Sparrows, Red-
winged Blackbirds, and American Goldfinches. The
probability of encountering Field Sparrows, Swamp
Sparrows (Melospiza georgiana), Ring-necked Pheas-
ants (Phasianus colchicus), Upland Sandpipers (Bar-
tramia longicauda), Sedge Wrens (Cistothorus platen-
sis), and Common Yellowthroats (Geothlypis trichas)
was significantly influenced by vegetative features only
(Table 3).

Although aspects of vegetation structure significantly
influenced all but two of the bird species examined,
the Dickcissel (Spiza americana) and Red-winged
Blackbird, individual species’ responses to vegetation
attributes varied. For example, Henslow’s Sparrows
and Common Yellowthroats preferred grasslands with
a high percentage of standing dead plant material,

TABLE 3. Variables identified as significant predictors of species occurrence within 24 grassland fragments within Illinois.
Variables are listed in decreasing order of significance based on partial F tests. Square brackets indicate a negative rela-
tionship. Vegetation codes are defined in Methods: Vegetation sampling.

Species

Significant predictors of occurrence

Ring-necked Pheasant

VGHT*** [TOTHT]***, [HTSFBJ*

Upland Sandpiper PCTLV*

Sedge Wren TOTHT*** [VGHT]*** HETIND**
Common Yellowthroat GHT*** SHRUB*, [PCT LV]*, [HTSGRJ*
Dickcissel YEAR***

Field Sparrow [GHT]*** VGHT**
Savannah Sparrow
Grasshopper Sparrow
Henslow’s Sparrow
Song Sparrow

Swamp Sparrow
Bobolink

Red-winged Blackbird
Eastern Meadowlark
American Goldfinch

AREA*** [PCTLV]*

[AREA]**

[AREAJ** [LDJ*, SHRUB*
TOTHT***, [HTSGR]*** HETIND*** GHT***, PCTLV*** [VGHTJ** [HTSFBJ*
AREA*** HTSFB*** VGHT**, [HETIND]**, GHT*

AREA** PCTLV*, [GHT]*
[LD]**, HETIND** [AREAJ*, SHRUB*

LD** AREA**, [HETINDJ**, PCTLV*
[GHT]***, HTSGR**, AREA**

*P < .05, %P < 01, **p < 001.
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whereas other species such as Eastern Meadowlarks,
Upland Sandpipers, Savannah Sparrows, and Swamp
Sparrows preferred areas dominated by live vegetation
(Table 3). All but one of the nine vegetation variables
examined had both positive and negative individual
species’ responses associated with them (Table 3). These

Incidence

Eastern Meadowlark

1 10 100 1000

1.0

Grasshopper Sparrow _ -
0.8 2

Incidence

0.0 . :
10 100 1000
1.0
Savannah Sparrow -
0.8r -7 i
-3 // -
2 o.6f 0o
[ P b
= s
2 0.4r S
r— > 7
— - -~
0.2 -~ - -
-
— -
0.0—= -
1 10 100 1000

Incidence

0.0
1

10 100 1000

Incidence

0.0

100 1000

Fragment Area (ha)

FiG. 4. Probability of encountering area-sensitive grass-
land bird species (incidence) in grassland fragments of various
sizes. Dashed lines indicate 95% confidence intervals for the
predicted probabilities.
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TaBLE4. Discriminant analyses of habitat suitability for five
area-sensitive bird species based on vegetation structure
within 85 census transects located within large (>100 ha,
N = 33) and small (<100 ha, N = 52) grassland fragments
in Illinois.

Transects

with

suitable
habitat* Suitable
——— transects

Frag- % of No. -

occupied
ment tran- tran- upiedt

size  sects sects % No.

large 39 13 85 11
small 35 18 22 4

large 66 22 82 18
small 79 41 36 15

large 33 11 73 8

Species

Savannah Sparrow
Grasshopper Sparrow

Henslow’s Sparrow

small 25 13 0 O
Bobolinkf large 48 17 88 15
small 74 28 7 2

Eastern Meadowlark large 88 29 100 29

small 100 52 77 40

* Transects where the discriminant function predicted the
species to be present. See Methods for a discussion of how
suitability was assessed.

+ Sites where the species was predicted to be present and
was also recorded on the transect on more than one visit.

1 Only fragments north of 40° N latitude.

data indicate that, overall, grassland bird habitat affin-
ities are diverse, with species often responding to hab-
itat features in opposite ways.

The Dickcissel was the only species that exhibited
no significant relationship with either area or any of
the vegetation variables in the regression analyses. The
Dickcissel was also the only species that was signifi-
cantly influenced by year effects (P < .001, Table 3),
with average densities within fragments varying by as
much as 75% between years.

Area requirements

Grassland area had a significant positive influence
on the probability of occurrence within fragments for
five bird species (Fig. 4), with some species occurring
on most medium to large fragments (e.g., Eastern
Meadowlark), but others occurring only infrequently
even on large fragments (e.g., Bobolink and Henslow’s
Sparrow). The estimated individual area requirements
(area at which a species probability of occurrence equals
50% of its maximum; Fig. 4) for the five area-sensitive
grassland bird species were variable and ranged from
5 to 55 ha (Eastern Meadowlark, 5 ha; Grasshopper
Sparrow, 30 ha; Savannah Sparrow, 40 ha; Bobolink,
50 ha; Henslow’s Sparrow, 55 ha).

Discriminant analyses of the vegetation data from
bird census transects showed that vegetation structure
may play some role in limiting area-sensitive bird spe-
cies distributions within small fragments. For example,
only 25% of all transects within small fragments had
vegetation structure that was judged to be suitable for
the Henslow’s Sparrow (Table 4). Likewise for the Sa-
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vannah Sparrow, only 35% of all transects within small
fragments had habitat that was identified as suitable
for this species. Area requirements, however, also ap-
peared to limit species distributions within small frag-
ments. Although only 25% of all transects within small
grasslands had habitat that was identified as suitable
for the Henslow’s Sparrow, none of these transects was
occupied by this species (Table 4). Moreover, for the
Bobolink, 74% of all transects within small fragments
had habitat identified as suitable for this species, yet
it occupied just 7% of these transects (Table 4). Similar
patterns of avoidance were exhibited by the other area-
sensitive species (Table 4), suggesting that many of the
unoccupied census transects within small fragments
had vegetation attributes that were structurally appro-
priate for these species, yet were still unoccupied.

DiscussioN
Species—area relationship

The results of this study, along with Samson’s (1980a)
earlier work on prairie fragments in Missouri, show
that area strongly influences the structure of breeding
bird communities within midwestern grassland frag-
ments. Although the distinction between grassland
fragments and agricultural crops is often not as sharp
as the distinction between forest fragments and the
surrounding landscape, grassland area accounted for a
high proportion (84%) of the variation in mean species
richness among grassland fragments in the present study
(Fig. 2). This proportion was somewhat lower than in
Samson’s (1980a) study (98%) but was higher than
most values typically reported for forest fragments (e.g.,
48%, Ambuel and Temple 1983; 50%, Freemark and
Merriam 1986; but see Blake and Karr 1987, 87-98%).
The results from the regression analysis of species rich-
ness patterns within transects showed that the increase
in species richness on large grassland fragments did not
result from a simple “sampling” effect (i.e., Connor
and McCoy 1979), but that the number of species per
unit area also increased significantly with fragment area,
especially in the largest grasslands (Fig. 3).

Area vs. habitat effects

Based on the habitat-area analyses (Table 3), four
relatively distinct groupings of birds can be identified:
area-sensitive species that were significantly more like-
ly to occur in large grasslands (Grasshopper Sparrow,
Henslow’s Sparrow, Bobolink, Savannah Sparrow, and
Eastern Meadowlark), edge species that were negatively
associated with area (Song Sparrow, Red-winged
Blackbird, and American Goldfinch), vegetation-re-
stricted species that occurred in transects according to
vegetation features only and not area (Field Sparrow,
Swamp Sparrow, Ring-necked Pheasant, Upland
Sandpiper, Sedge Wren, and Common Yellowthroat),
and the Dickcissel, which varied greatly among years
and for which neither area nor vegetation features were
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significantly associated with its occurrence within tran-
sects (Table 3). These results clearly indicate that both
area and vegetation structure significantly influence
grassland bird species distribution patterns among
fragments. Thirteen of the 15 (87%) most common bird
species were significantly influenced by vegetation fea-
tures within transects, and more than half (8) of these
species were also significantly influenced by area ef-
fects.

What limits distributions of grassland bird species
within small fragments? All of the area-sensitive spe-
cies in this study regularly avoided small grassland
fragments that greatly exceeded typical midwestern ter-
ritory sizes. Wiens (1969) estimated that the average
territory size for Eastern Meadowlarks in Wisconsin
was 2.3 ha, yet this species only occasionally (<50%)
occurred on fragments that were more than twice this
territory size (5 ha; see Fig. 4). Average territory sizes
for the Grasshopper, Savannah, and Henslow’s Spar-
rows in the Midwest are all typically <1 ha (e.g., Wiens
1969), yet these species rarely (<30%) occurred on
grasslands that were even 10 times this average terri-
tory size (10 ha) in Illinois (Fig. 4). The discriminant
analyses of habitat suitability of transects located in
small grassland fragments suggest that vegetation struc-
ture may limit the distribution of area-sensitive grass-
land birds in some, but not all, small grassland frag-
ments. Area-sensitive species, such as the Henslow’s
Sparrow and Savannah Sparrow, may be partially lim-
ited by habitat availability within small fragments be-
cause only a relatively small percentage of these sites
(25 and 35%, respectively) appeared to have suitable
habitat. All five of the area-sensitive grassland bird
species, however, also regularly avoided structurally
suitable habitat on small grassland fragments (Table
4).

Area requirements

The area requirements for the five area-sensitive
grassland bird species in this study were variable, rang-
ing from 5 to 55 ha. These figures are in general agree-
ment with the estimates provided in Samson (1980b)
for 13 grassland bird species in Missouri (although the
methods used to derive his estimates are unclear). Sam-
son’s estimates ranged from <10 ha for the Horned
Lark (Eremophila alpestris), American Goldfinch,
Grasshopper Sparrow, Savannah Sparrow, and Dick-
cissel to >100 ha for the Greater Prairie-Chicken
(Tympanuchus cupido).

Simple presence/absence data, however, provide only
rough approximations of bird species’ actual minimal
area requirements. Long-term demographic data are
needed to establish precise estimates of the area re-
quired to maintain truly viable populations (Hayden
et al. 1985). These data, however, are currently not
available for midwestern grassland bird populations.
Johnson and Temple (1986, 1990) have provided some
short-term (1983-1984) demographic data for five
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grassland bird species occurring on grassland fragments
in Minnesota. Using estimates of standard avian mor-
tality patterns, Johnson and Temple concluded that
none of the grassland bird species they studied were
maintaining stable population numbers because of high
rates of nest predation and nest parasitism. This neg-
ative net productivity even included grassland bird
populations inhabiting fragments 130-486 ha in size,
suggesting that the actual area required to maintain
stable midwestern grassland bird populations may be
considerably greater than the estimates derived from
the presence/absence data in this study.

Midwestern grassland bird declines—
is fragmentation the problem?

All four of the bird groups (area-sensitive, edge, and
vegetation-restricted species, plus the Dickcissel) con-
tain species that are exhibiting national and/or regional
population declines (Table 1). All five of the area-sen-
sitive species have populations that are significantly
declining in the United States. The BBS data also show
that four of these species (Bobolink, Grasshopper Spar-
row, Savannah Sparrow, and Eastern Meadowlark) are
also significantly declining in Illinois (Table 1). The
fifth area-sensitive species, the Henslow’s Sparrow, is
too rare in Illinois for accurate BBS population trend
estimation. However, Richard and Jean Graber esti-
mated that between 1958 and 1979, Henslow’s Spar-
row populations in Illinois declined by >90% (Illinois
Natural History Survey 1983). Of the three edge spe-
cies, the American Goldfinch is significantly declining
both nationally and regionally, and the Red-winged
Blackbird is significantly declining nationally (Table
1). Two of the vegetation-restricted species, Field Spar-
row and Ring-necked Pheasant, are also significantly
declining both nationally and regionally (Table 1). Fur-
thermore, the only species for which neither area nor
vegetation structure was significantly associated with
occurrence within fragments, the Dickcissel, is also ex-
periencing a significant national population decline and
alarge but variable population decline in Illinois (Table
1).

Arca-sensitive species would be expected to be the
birds most strongly influenced by habitat fragmenta-
tion. As habitat fragmentation intensifies, area-sensi-
tive species would be negatively affected by reductions
in average patch size as well as the overall loss of grass-
land habitat. In fact, all five of the area-sensitive species
identified in this study are among the grassland bird
species showing the greatest declines in the Midwest
and elsewhere (Table 1). Distributions of area-sensitive
species are undoubtedly strongly influenced by the
scarcity of large grassland areas in Illinois and other
regions of the Midwest. In Illinois <20% of the state’s
245 native prairie remnants are > 10 ha and only nine
are >40 ha (Illinois Department of Conservation, un-
published data), indicating that a large majority of na-
tive prairie remnants in Illinois are too small for area-
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sensitive grassland bird species. Moreover, the amount
of “secondary” grassland areas (such as hayfields and
pastures) has also substantially declined in Illinois
(Vance 1976, Herkert 1991) and elsewhere in the mid-
western and eastern U.S. (e.g., Sample 1989, Bollinger
and Gavin 1992). The loss of these secondary grassland
habitats—the areas that initially buffered the loss of
native grasslands for these birds (Graber and Graber
1963)—is significantly contributing to the highly frag-
mented nature of grassland habitat in the Midwest.

For declining edge and vegetation-restricted species,
reductions in average patch size are unlikely to be driv-
ing regional declines. Rather, overall loss of breeding
grassland habitat, area- or edge-related demographic
processes, or winter habitat and resource losses may
be contributing to population declines. Several studies
have shown that rates of nest predation and nest par-
asitism are higher in the types of edges that dominate
small grassland fragments (e.g., Gates and Gysel 1978,
Johnson and Temple 1986, 1990). Johnson and Tem-
ple’s (1990) data from grassland fragments in Minne-
sota suggest that this increase in nest predation and
parasitism may be sufficient to produce local and pos-
sibly even regional declines in some grassland bird
species. Johnson and Temple (1990) have also shown
that these high rates of nest predation and nest para-
sitism also affect grassland birds nesting on large grass-
land fragments (130-486 ha), and therefore have the
potential to contribute to area-sensitive grassland spe-
cies declines as well. Moreover, disturbances in agri-
culturally associated grasslands (primarily hayfields)
have intensified in recent years (Sample 1989, Warner
and Etter 1989, Bollinger and Gavin 1992), and have
been shown to significantly influence grassland bird
species distributions (Sample 1989, Frawley and Best
1991) and nest success (Warner and Etter 1989, Bol-
linger et al. 1990, Bollinger and Gavin 1992). In the
late 1950s, the combination of high densities and rel-
atively large area resulted in hayfields being the major
grassland habitat in many areas of the Midwest (Graber
and Graber 1963). For example, Graber and Graber
(1963) showed that Bobolink densities in mixed (grass
and forb) and alfalfa hayfields were nearly 10 times as
great as comparable densities in undisturbed grass-
lands. Moreover, in some regions these hayfield hab-
itats were also nearly 10 times as abundant as undis-
turbed grasslands (Graber and Graber 1963). Clearly,
recent shifts in agricultural practices that reduce bird
densities (Sample 1989, Bollinger and Gavin 1992), or
reduce adult, nest, nestling, or fledgling survival (War-
ner and Etter 1989, Bollinger et al. 1990) in these sec-
ondary grassland areas have the potential to signifi-
cantly influence regional populations of Bobolinks and
other grassland birds.

Winter habitat and winter resources have also been
implicated in the declines of some grassland species
(Fretwell 1986, Lymn 1991). Fretwell (1972, 1986) has
suggested that Dickcissel numbers, at least historically
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and possibly still, are winter-limited by the supply of
seeds on the tropical winter areas. More recently, Lymn
(1991) has shown that the amount of suitable winter
grassland habitat in the southeast United States de-
creased substantially between 1950 and 1987 due to
conversion to row-crop agriculture and pine planta-
tions. Lymn has also suggested that the quality of many
remaining grassland areas in the southeastern United
States may be reduced due to the accidental introduc-
tion of the exotic red fire ant in the 1930s. This loss
and degradation of winter grassland habitat may also
be contributing to midwestern grassland bird declines.
Seven of the 13 Illinois grassland bird species with
nationally or regionally declining populations winter
primarily or partially in the southeastern United States
Gulf Coast region (American Ornithologists’ Union
1983, Root 1988). The area-sensitivity of some mid-
western grassland bird species could therefore reflect
in part the preference of the few remaining individuals
for the largest available tracts.

Management implications

The results of the present study show that both area
and vegetation structure significantly influence mid-
western grassland bird populations. Therefore, conser-
vation plans or policies that address only the issue of
area are likely to meet with limited success. Efforts
must be made to ensure that structurally suitable hab-
itat is also available, especially for grassland birds with
particularly restrictive habitat requirements (e.g., Hen-
slow’s Sparrow).

Although the mechanisms that are driving mid-
western grassland bird declines remain somewhat poorly
understood, management efforts directed toward the
protection of large, contiguous grassland areas (on the
breeding grounds and possibly on the wintering grounds
as well) offer the most promising avenue for avoiding
further population declines of these species. Small
grasslands tend to be avoided by several regionally
declining grassland bird species and consequently are
of minimal conservation value to many grassland bird
species. Management directed toward minimizing
breeding season disturbances within grassland areas
(e.g., hay-cutting), and eliminating and controlling hab-
itat features that attract nest predators and nest para-
sites (e.g., woody encroachment, scattered trees; see
Johnson and Temple 1986, 1990, Burger 1988) would
also benefit midwestern grassland bird populations.

Finally, although none of the breeding birds of mid-
western grasslands are currently in danger of global
extinction, many species are experiencing significant
population declines throughout much of the region.
The magnitude of several of these declines suggests that
although global extinction may not be an immediate
threat to these species, local or even regional extinc-
tions are likely, especially if the loss and fragmentation
of midwestern grassland habitat continues.
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