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Introduction

Grassland ecosystems represent one of the most threatened biomes globally, with over 70% of native grasslands converted to
agricultural or urban use (Samson et al., 2004) 31, These ecosystems historically supported rich avian communities, but
grassland bird populations have declined more severely than any other bird group, with population decreases exceeding 50%
since 1970 (Rosenberg et al., 2019) [, Understanding the relationship between vegetation structure and avian diversity is crucial
for effective grassland conservation and restoration efforts.

The vegetation structure hypothesis suggests that bird community composition is primarily determined by the three-dimensional
arrangement of plant materials rather than plant species composition alone (MacArthur & MacArthur, 1961) [ In grassland
systems, this translates to the importance of grass height variation, density patterns, and the presence of scattered shrubs or forbs.
Different bird species exhibit specific microhabitat preferences based on their foraging strategies, nesting requirements, and
predator avoidance behaviors (Wiens, 1974) [181. Previous research has demonstrated that vegetation heterogeneity creates
diverse ecological niches that can support a greater variety of bird species (Tews et al., 2004) 4, However, most studies have
focused on forest systems, with relatively fewer comprehensive analyses of grassland bird-vegetation relationships. This
knowledge gap is particularly concerning given the urgent conservation needs of grassland ecosystems and their associated
fauna.

Materials and Methods

Study Area and Site Selection

We conducted this study across 45 grassland sites in the Great Plains region, spanning Colorado, Kansas, and Nebraska. Sites
were selected to represent a gradient of vegetation structure complexity, from highly uniform agricultural grasslands to diverse
native prairie remnants. Each site encompassed a minimum area of 10 hectares to ensure adequate sampling of bird communities.

Avian Surveys

Bird surveys were conducted during peak breeding season (May-July) from 2021 to 2023. We employed standardized point
counts at each site, with observers recording all bird species detected within a 100-meter radius during 10-minute observation
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periods. Surveys began at sunrise and were completed within
four hours to minimize temporal variation in bird activity.
Weather conditions were standardized, with surveys
postponed during periods of rain or winds exceeding 20
km/h.

Vegetation Structure Assessment

Vegetation structure was quantified using multiple metrics
including grass height variation (coefficient of variation in
height measurements), vegetation density at different height
intervals (0-30 cm, 30-60 cm, 60-100 cm, >100 cm), and
shrub/forb coverage percentage. We established 20 randomly
distributed sampling points within each site and recorded
detailed measurements using a modified Robel pole
technique (Robel et al., 1970) 11,

Statistical Analysis

We calculated avian diversity indices including species
richness, Shannon diversity, and Simpson's diversity for each
site. Correlation analyses were performed to examine
relationships between vegetation variables and avian
diversity metrics. Multiple regression models were
constructed to identify the most significant predictors of bird
community structure.

Results

Avian Community Composition

Across all sites, we recorded 87 bird species representing 15
families. The most abundant species were Red-winged
Blackbirds (Agelaius phoeniceus), Western Meadowlarks
(Sturnella neglecta), and Bobolinks (Dolichonyx oryzivorus).
Species richness per site ranged from 12 to 34 species, with
an average of 23.4 + 5.7 species.

Vegetation Structure-Avian Diversity Relationships
Strong positive correlations were observed between
vegetation structural diversity and multiple avian diversity
indices. Species richness showed the strongest correlation
with vegetation height variation (r = 0.78, p < 0.001),
followed by shrub coverage percentage (r = 0.65, p < 0.001).
Shannon diversity index demonstrated similar patterns (r =
0.71 for height variation, r = 0.58 for shrub coverage).

Sites with high vegetation structural complexity (upper
quartile) supported an average of 28.9 + 3.2 hird species,
compared to 20.6 + 4.1 species in structurally simple sites
(lower quartile). This represents a 40% increase in species
richness associated with enhanced habitat heterogeneity.

Functional Group Responses

Different functional groups of birds showed varying
responses to vegetation structure. Ground-nesting species
(e.g., Grasshopper Sparrows, Ammodramus savannarum)
were most abundant in areas with moderate grass height and
low shrub density. Shrub-nesting species (e.g., Brown
Thrashers, Toxostoma rufum) showed strong positive
associations with woody vegetation coverage. Aerial
insectivores (e.g., Eastern Kingbirds, Tyrannus tyrannus)
benefited from scattered perches provided by taller
vegetation elements.

Discussion

Our findings provide strong empirical support for the
vegetation structure hypothesis in grassland ecosystems. The
observed positive correlation between vegetation structural
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diversity and avian species richness aligns with theoretical
predictions and previous research in other biomes
(MacArthur & MacArthur, 1961; Tews et al., 2004) [° 41, The
40% increase in species richness associated with enhanced
habitat heterogeneity demonstrates the practical conservation
value of maintaining diverse vegetation structure.

The differential responses of functional groups highlight the
importance of providing diverse microhabitats within
grassland landscapes. Ground-nesting species, which
constitute many of the most conservation-concerned
grassland birds, require specific combinations of cover and
openness that are best provided by moderately structured
vegetation (Winter et al., 2006) [*71. The positive association
between shrub coverage and overall avian diversity suggests
that scattered woody elements enhance grassland bird
communities without compromising grassland integrity.
These results have important implications for grassland
management and restoration. Traditional management
approaches often emphasized structural uniformity, but our
findings suggest that promoting vegetation heterogeneity
should be a primary conservation goal (Fuhlendorf & Engle,
2001) 51, Management techniques such as rotational grazing,
prescribed burning, and selective mowing can create the
structural diversity necessary to support diverse bird
communities.

Conservation Implications

The relationship between vegetation structure and avian
diversity provides clear guidance for grassland conservation
strategies. Protected areas and restoration sites should
prioritize creating and maintaining heterogeneous vegetation
structure rather than focusing solely on plant species
composition. This approach is particularly relevant for large-
scale conservation initiatives such as the Conservation
Reserve Program, where management prescriptions can be
modified to enhance structural diversity.

Future Research Directions

While this study demonstrates clear patterns at the landscape
scale, future research should examine fine-scale mechanisms
driving these relationships. Long-term monitoring studies
could reveal how vegetation-bird relationships change over
time and respond to management interventions. Additionally,
investigating the role of climate change on these relationships
will be crucial for developing adaptive management
strategies.

Conclusion

This study demonstrates that vegetation structural diversity is
a primary driver of avian species richness in grassland
ecosystems. The strong positive correlation between habitat
heterogeneity and bird diversity provides clear direction for
conservation and management efforts. Maintaining and
enhancing vegetation structural complexity should be a
central component of grassland bird conservation strategies.
As grassland ecosystems continue to face mounting pressures
from habitat conversion and climate change, understanding
and preserving these critical habitat relationships becomes
increasingly urgent.
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