BIRD DIVERSITY AND HABITAT AFFINITY
ON A CENTRAL TEXAS RANCH

THESIS

Presented to the Graduate Council of
Southwest Texas State University
in Partial Fulfillment of
the Requirements

For the Degree

Master of Science

By

Beth W. Banks

San Marcos, Texas

December, 2000



ACKNOWLEDGMENTS

| would like to thank God for giving me the strength to accomplish this
goal. Throughout this endeavor, He has taught me to prioritize and balance my
life and | am truly thankful. It has not been a journey without substantial
obstacles, but | wouldn’t trade the knowledge and experience that | have gained
for an easier path.

I would like to try and express what a huge support my husband, Donald,
has been throughout graduate school. Saying how proud he is of me, making
me laugh, and teaching me to keep perspective have meant so much. | couldn’t
have made it without him and | iove him, as he knows.

Tremendous thanks to my major advisor, Dr. Randy Simpson. He showed
inexhaustible enthusiasm and passion for my project and went far beyond the
call of duty as a mentor and friend. | have learned volumes about biology and life
from him and will always hold him in the highest esteem. | would not have made
it this far without his encouragement and understanding.

| would also like to express my thanks to my committee member, Dr. John
Baccus, who has been such an inspiration to me by his character, integrity, and

knowledge of our field. In addition, thanks to my committee member, Dr. Richard



Manning, who has such interest, curiosity, and fervor in all facets of wildlife
biology and who can put up a mouse in matter of minutes.

Thanks to Bryan Davis and David Cox of the Freeman Ranch for all their
assistance and cooperation. Funding for this project by the Freeman Ranch
Advisory Committee is also greatly appreciated.

A special thanks to my parents, Don and Fran Whitley, who taught me to
work hard for what | want and to never give up. Your encouragement and faith in
me has helped me get to where | am today and | love you both very much.

Thanks to other wonderful faculty who contributed to the knowledge that |
will carry from SWT: Drs. Francis Rose, David Lemke, Paula Williamson, Paul
Barnes, David Huffman, and Jim Ott. | would also like to express how much |
have learned from SWT’s wildlife biology department and how fortunate we are
to have such a superb faculty and graduate program.

| also owe a huge debt of gratitude to my fellow SWT graduate students.
All of them were such a huge support structure and their kindness, help,
relatability and humor made this a great experience. Special thanks tc Amy
Winters for her friendship and loyalty through the tough times and the fun times.
Thanks to Melanie Pavlas and Kathleen O’Conner for believing that | could do it
and for being such great friends. | would also like to thank Dr. Craig Farquhar,
Brian Pierce, Jane Nelka, Andrea Wakefield, Erin Foster-Aitchenson, Brady
McGee, Ronnie Kirchhof, Minnette Marr, Jason Padgett, Cris Hein, Jay McGhee,

Sabitha Prabakaran, Todd Swannak, Paige Najvar, Kathy Towns, Cliff Hamrick,



Jayson Hudson, Mandy Regnier, Marsha Reimer, and Janie Nelan for their
friendship and support.

Thanks to the following for direct help on the technical end of this project:
Preston Galusky for all his help with statistics as well as Lori Tolley and Richard
Renolds for their help in the design of the statistical tests; thanks to Dawn Garcia
for her mist-netting and birding expertise; Steve Reagan and Suh-Yen Liang for
their help in creating the GIS maps; Helen Becker for her help with vegetation
field work and Joyce Lawson, in the financial aid department, who made my life
easier and is a dear person.

Thanks to Lyn Banks and Davis McAuley for being such wonderful in-laws
and supporters and to Bob Stiles for being a good friend and for help with
computer help and career advice. Finally, a special thanks to my sister, Jill
Sampson, and our little angel, Cole, who at 2 years old is already becoming a

birder and wildlife enthusiast.

vi



Page
LEST OF TABLES et e viii
LIST OF FIGURES. ... X
AB S TR A T et e Xi
Chapter
| INTRODUCTION. ...t 1
Vegetation and Habitat Selection
Birds as Habitat Quality Indicators
Research Objectives
I MATERIALS AND METHODS. ... 7
Study Site
Selected Habitat Types within the Ranch
Bird Species and Diversity
Vegetation Sampling
i RESULT S e 16
Avian Diversity
Migrant Summer Breeders and Winter Residents
Vegetation Results
Commonaities of Birds and Vegetation Among Habitat Types
v DISCUSSION. ... 29
Avian Diversity by Habitat
Migrant Summer Breeders and Winter Residents
Management Implications :
APPENDICES. ... .o et ee e e e e e e e e e e eans 40
LITERATURE CITED... .ottt 64

TABLE OF CONTENTS

vii



Table 1

Table 2

Table 3

Table 4

Table 5

Appendix 1

LIST OF TABLES
Page

Total number of individual birds recorded during Point Counts
and the species richness of the five habitats selected on
Freeman Ranch as well as the total ranch.........................coc. 17

Mean Brillouin’s Index (H) of diversity of bird species found in each
habitat type throughout each season of the year (Appendix

Vegetative species richness, total number of individuals, total
percent canopy cover (% cover), and Brillouin’s Index of Diversity
(H) of the five habitat types on Freeman Ranch............................. 22

Average visual obstruction at five height increments for the
understory in the five habitat types representative of Freeman
Ranch. Average visual obstruction seen here resulted from the
calculation of midpoint % covers (10, 30, 50, 70, and 90%)
multiplied by the frequency distribution cover classes (0-20) and
divided by 20 (the total number of measurements recorded in

each habitat type (Appendix 3). The mean visual obstruction
(Mean VisObstr) for each habitat is also shown for general

(o70] 4 4] ¢ - 14T o IO PP 24

Common bird species recorded during point counts in each
of the 5 habitat types over the course of the year. The status
categories for birds were: Year-round Residents (R), Summer

breeders (S), and Winter Residents.............ccccooeeiiiiiiceee 27
Bird species lists:
1a: Bird species list by habitat........................c. 40
1b: Bird species list by season...........cccvevvvviveiieiiiiiiiiinennnnn. 47

Appendix 2 Vegetation Results: line intercept resultant calculations

2a: Species composition, percent cover, dominance,
relative cover, percent frequency, relative frequency,
and importance values for woody vegetation in the
LOW habitat type on Freeman Ranch, March to May,
1998 (Becker, 1998).......cccooiiiiiieiee e 54

viii



2b: Species composition, percent cover, dominance,
relative cover, percent frequency, relative frequency,
and importance values for woody vegetation in the
LOS habitat type on Freeman Ranch, March to May,
1998 (Becker, 1998)........cccooiiiiiiiiiee e 55
2c: Species composition, percent cover, dominance, relative cover, percent
frequency, relative frequency, and importance values
for woody vegetation in the MS habitat type on
Freeman Ranch, March to May,
1998 (Becker, 1998).......ccccoiiiiiiieiie e 56
2d: Species composition, percent cover, dominance, relative cover, percent
frequency, relative frequency, and importance values
for woody vegetation in the RIP habitat type on
Freeman Ranch, March to May,
1998 (Becker, 1998)......cccccciiveiiiieeeeee e 57
2e: Species composition, percent cover, dominance, relative cover, percent
frequency, relative frequency, and importance values
for woody vegetation in the JOF habitat type on
Freeman Ranch, March to May,
1998 (Becker, 1998).......cccoviiiiiieiie e 58

Appendix 3 Frequency distribution of cover classes ( 1 = 0-20%, 2 = 21-40%,
3 =41-60%, 4 = 61-80%, 5 = 81-100%) for five 0.5 m height
increments of the vegetation profile board to determine
vertical cover in the five habitats (Becker, 1998).............ccccceen 59

Appendix 4 Brillouin’s indices (H) of diversity used in 2-way ANOVA for
bird diversity per habitat..............ccccoveiei . 60

Appendix 5 Brillouin’s Indices (H) of diversity used in 1-way ANOVA for
winter residents and summer breeders...........cccooovviiieiiiiiiiiieeeeenn, 62



Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

LIST OF FIGURES

Location of Freeman Ranch in Hays County, Texas........................ 8

Locations of avian Point Counts (25) in the five habitat
types representative of Freeman Ranch.................cc.ccoooin. 11

Bird diversity for the five habitats on Freeman Ranch

through 4 seasons. Diversities represent the mean

diversities per habitat per season as calculated using

Brillouin’s Index (H) of diversity; £ 1SE..............ccociiiiiiiii, 19

Bird diversity of summer breeders for the 5 habitat
types on Freeman Ranch. Brillouin’s Index (H) was
used to calculate diversity............cccceee i, 21

Bird diversity of winter residents for the 5 habitat
types on Freeman Ranch. Brillouin’s Index (H) was
used to calculate diversity............ccccooeeeiiiiiie e 21

Average visual obstruction at five height increments
for the understory in the five habitat types representative
of Freeman Ranch (Table 4; Appendix 3)..........ccccovvieieeeeeeenn. 25



ABSTRACT

BIRD DIVERSITY AND HABITAT AFFINITY
ON A CENTRAL TEXAS RANCH

by
Beth W. Banks
Southwest Texas State University
/ December 2000

SUPERVISING PROFESSOR: DR. THOMAS R. SIMPSON

Bird diversity and abundance are indicators of the health of habitats. Due
to declining numbers of avian species and an increased awareness of the
importance and economic benefits of birds, new attention has been directed
toward understanding birds. Knowledge of bird diversity, abundance, and
utilization of habitats is imperative for maintaining and/or enhancing these
species. The Point Count technique was used in 5 habitat types (Live Oak
Woodland, Riparian Forest, Mesquite Savannah, Live Oak Savannah, and
Juniper-Live Oak Woodland) representative of the Freeman Ranch, a heavily
grazed ranch in Hays County, Texas. Baseline abundance and diversity data for
birds were lacking for the ranch. A total of 600 Point Counts documented the
presence of 8,381 individuals and 85 bird species on the ranch. in order to
assess the vegetative composition in each of the 5 habitat types, the line
intercept method and the vegetation profile board were used to calculate woody

species composition and visual obstruction, respectively, in both horizontal and

Xi



vertical strata of habitats. Avian and vegetative diversity in each habitat were
determined by Brillouin’s Index (H) of diversity. A 2-way ANOVA was calculated
using H for bird diversity per habitat per season to determine how birds utilize
each habitat throughout the year. A significant statistical difference was found in
avian species both among seasons and among habitats. The Live Oak Woodland
and the Riparian Forest habitats were most diverse areas overall for bird species
due to a dense canopy and heterogeneous vegetative structure. Special
attention was given to nonresident summer breeders and winter residents and
neither showed a statistical difference in habitat utilization. However, in post hoc
testing of winter resident diversity, the Riparian forest was more highly selected
for by some bird species. Although the ranch rated “poor” in terms of vegetation
due to the lack of climax species, the endangered Golden-checked Warbler was
recorded in the Juniper-Live Oak Woodland, an otherwise low-rated habitat in
terms of diversity. It is recommended that Point Count studies be repeated in
futL;re years to ascertain trends in avian populations, so that the avifauna of the

ranch can be managed.
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CHAPTER 1

INTRODUCTION

Human actions have had unprecedented effects on wildlife and wildlife
habitats. To conserve biological resources and diversity, an understanding of the
influence habitat components have on the distribution and abundance of wildlife
is essential (Flather and Sauer, 1996). The physical structure and biotic
composition of habitats are of major importance for avian species in selecting
suitable habitats to provide nesting and foraging sites (Cody, 1985). Many bird
species, especially Neotropical migrants, have particular habitat requirements
and are more sensitive to landscape structure than permanent residents (Flather
and Sauer, 1996). Neotropical migrants are more abundant in habitats that
contain less edge, larger patches, wetlands, and more continuous canopy.

The abundance, species richness, and composition of bird communities
within a region are affected by habitat patch size, type and amount of edge, the
quality and quantity of resources, human impact on resources, and natural
disturbances (Best et al., 1995). When suitable habitats are scarce, the density
and success of breeding birds declines (Brooks and Davis, 1987; Smith et al.,

1999).



In recent years, awareness of the ecological and economic importance of
birds has increased. There is concern for many species due to declining
numbers (Robbins et al., 1989). Possible reasons for the decline in bird
populations are habitat fragmentation, nest parasitism, and loss of quality habitat
(Ralph et al., 1993).

The quality and availability of suitable habitat are reduced for birds by
habitat fragmentation (Sherry and Holmes, 1996). Habitat fragmentation creates
discontinuous pieces of land where pristine forests, grasslands, or marshes once
existed. Development, subdivision of large tracts of land, roads, boundary
fences, utility easements, and agricultural practices contribute to fragmentation
and habitat loss (Damude and Bender, 1999). Many migrant bird species that
breed in the United States are extremely sensitive to fragmentation (Hagan et al.,
1997).

Habitat fragmentation, that creates an edge effect with an increase in the
proportion of habitat edge compared to habitat interior, increases the vulnerability
of some avian species to predators and nest parasites, such as the Brown-
headed Cowbird, that thrive in edge habitats (Campbell, 1995). With little energy
expenditure, cowbirds can lay up to 40 eggs per season. This ability of high egg
production greatly reducing the fitness of parasitized birds. An increase in edge
caused by fragmentation alters habitat patches and often decreases nest
success through predation on nests and adult birds (Smith et al., 1999).

The spatial distribution and grain or scale of habitat patches influence

species richness, diversity, and the ability of different species of birds to coexist



in an area. Small-scale patchiness increases species richness (Roth, 1976).
Levin and Culver (1971) and Horn and MacArthur (1972) concluded that mosaics
of partially isolated patches of habitat encouraged the coexistence of a variety of
avian species. However, habitats with large-scale patchiness may cause
disproportionate abundance among species and contribute to declines in species
richness and species diversity (Rotenberry, 1978; Anderson and Gutzwiller,
1996).

The spatial arrangement of a habitat affects the distribution of bird species
(Best et al., 1995). Best et al. (1995) found heterogeneous landscapes created
by the juxtaposition of various habitat types and the presence of corridors that
facilitate movement between habitat patches positively affected the abundance,
composition, and species richness of avian populations. Thus, large-scale
monocuitures and homogeneous landscapes as produced by suburbanization
and crop production result in lower biodiversity.

Habitat destruction and loss due to changing land use practices
profoundly affect wildlife and are the primary causes for population declines
among bird species (Smith et al., 1999; Sherry and Holmes, 1996). Changing
land use practices include: converting naturally complex wildlife habitats into
simpler agricultural land, housing and retail development, and recreational areas.
As the human population continues to increase, more and more wildlife species
are forced out of appropriate habitats and are unable to adapt to the rapidly

changing conditions.



Vegetation and Habitat Selection

The structure and species composition of the vegetation in an area
support specific wildlife species (Simpson et al., 1996). Determining the
vegetation composition of an ecosystem is an essential step to effectively
manage wildlife. The vegetative structure of an area also can influence habitat
selection of mobile animals, such as birds, by providing an abundance of prey
and/or protection from predators. Foraging, nesting, and reproduction often are
more successful in certain vegetative types (Parrish, 1995). In general, bird
diversity increases with the number of vertical foliage layers (MacArthur and
MacArthur, 1961). Thus, investigation of the vegetative strata of a habitat is
important to evaluate habitat suitability. For example, avian species often are
more abundant in specific tree types because of the structure created by the tree
and its foliage. Migratory birds are particularly discriminating with regards to
vegetative structure and are sensitive to alterations to their habitat.

Migratory species are impacted by decreasing habitat quality and quantity
in their summer and winter ranges. Neotropical birds are undergoing widespread
declines in numbers due to changing land use practices on their breeding
grounds (Flather and Sauer, 1996). Flather and Sauer (1996) found that
Neotropical migrants were more sensitive to habitat structure than Temperate
migrants or permanent residents. In areas with great amounts of continuous
forest and wetland habitats and less edge habitats, there is a higher abundance

of Neotropical migrants. In addition, permanent resident bird species showed



less correlation between the structure of the landscape and abundance.
Temperate migrants had less of an association with the size and number of
forest habitats and were more associated with habitat diversity and presence or
absence of edge.

Neotropical migrants rely on the quality and quantity of summer breeding
habitats to support the annual recruitment into the population by providing food,
shelter, and nesting sites. Conservation plans designed for migrant bird species
should concentrate on retaining natural habitats as well as high-quality managed
areas in both their winter and summer ranges (Sherry and Holmes, 1996).

Wintering migrant birds are most susceptible to threats to self-
maintenance. Self- maintenance includes competition with conspecifics and co-
occurring species, predation, disease, and food resource availability. Food
resource availability may be the most critical of these ecological factors affecting
subsistence of migrant songbirds and winter survival (Sherry and Holmes, 1996).

Destruction or alteration of natural habitats reduces the carrying capacity
of habitats in the winter. This creates increased competition for food for migrants
and an increase in mortality because of the extra energy expended searching for
suitable habitat. Site fidelity is seen in many bird species (Sherry and Holmes,
1996) and should be recognized and understood by wildlife managers. The
propensity of individuals to return to familiar locations despite declining quality
may exacerbate the impact of habitat destruction and changing land use on

migrant birds.



Birds as Habitat Quality indicators

The number of bird species and their populations can function as an
indicator of the health of habitats. Species richness may be the most
straightforward index of habitat quality (Sherry and Holmes, 1996). Thus, the
more bird species occupying a particular habitat, the more diverse and healthy
the habitat is assumed to be.

High quality habitat provides ecological requirements for a broad array of
bird species, both specialists and generalists. High habitat quality also supports
bird species that depend on that habitat during periods of stress (Karr and
Freemark, 1983). A healthy, well-managed environment is capable of supporting

not only a variety of bird species, but also an array of other wildlife.

Research Objectives

Distribution and abundance data for birds is one of the first steps in
developing a database for conservation and management of an area. Baseline
data such as relative abundance, diversity, and habitat affinity may be used to
determine the status of bird populations. These baseline data can be used to
establish trends in populations and to desigh management plans.

The objectives of this project were 1) to establish a baseline inventory of
the birds on a central Texas ranch, 2) to determine habitat specificity with respect
to groups of birds (year-round residents, winter migrants, and summer breeders),
and 3) to determine relationships between bird diversity and the quality of

available habitat on the ranch.



CHAPTER 2

MATERIALS AND METHODS

Study Site

The study was conducted on the Freeman Ranch, a 1,700 ha tract,
located 4.8 km west of San Marcos in Hays County, Texas (N 29°56'18"

W 98°00'29") (Fig. 1). The ranch is located on the eastern edge of the Edwards
Plateau Ecological Region and has been managed by the Southwest Texas
State University Agriculture Department since 1984. The topography of the
ranch is rocky to rolling hills with elevations varying from 204 to 287m. The
intermittent Sink Creek is the only major drainage system on the ranch. Two soil
types are found predominantly on the ranch, Rumple-Comfort and Comfort-Rock
outcrop (USDA Soil Conservation Service, 1984).

Barnes et al. (2000) determined the most common woody plant species on
the Freeman Ranch were live oak (Quercus fusiformis), mesquite (Prosopis
glandulosa), Ashe juniper (Juniperus ashei), cedar elm (Ulmus crassifolia),
hackberry (Celtis sp.), Texas persimmon (Diospyrus texana), and greenbriar
(Smilax bona-nox). Important grasses included Texas wintergrass (Stipa
leucotricha), Texas grama (Bouteloua rigidiseta), King Ranch bluestem

(Bothriochloa ischaemum), and common curlymesquite (Hilaria



Hays County

Fig 1. Location of Freeman Ranch in Hays County, Texas.



belangeri). Upon completing a vegetative study of the Freeman Ranch, Barnes
et al. (2000) concluded that the ranch rated “poor”, according to the USDA Soil
Conservation Service guidelines, because less than 25% of the climax
community was reported by the current plant community. The primary

contributing factor to the poor status of the plant community was over grazing.

Selected Habitat Types within the Ranch

Five distinct vegetation types, representative of the ranch, were defined
and located using visual field surveys and digital orthophoto quarter quadrangles
(DOQQs). These five sites were quantified and labeled according to dominant
woody vegetation as follows: Live Oak Savannah (LOS), Live Oak Woodland
(LOW), Mesquite Savannah (MS), Riparian (RIP), and Ashe Juniper-Live Oak
Forest (JOF). Two ponds, Crawford and Laguna, provided sites for incidental
sightings for birds. It is noteworthy that the only habitat type on the ranch not
impacted by grazing cattle was the LOW in which grazing had ceased three
years prior to this study (Becker, 1998). Within each habitat type, data on bird
abundance and diversity were collected using the Point Count technique.

The Point Count technique involves recording all birds seen and heard at
a predetermined location and is the most efficient and data-rich method for
gathering baseline data for long-term monitoring of population trends in bird
species (Robbins et al., 1989; Simpson et al., 1996). This technique also allows
comparison of bird species richness and species diversity in different types of

habitats (Ralph et al., 1993; Wolf et al., 1995). The Point Count method often is
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preferred to nest-site searches due to the disturbance to breeding birds and
possible decrease in fitness that nest searches may inflict (Rangen et al., 2000).

Permanent stations (27 total: 5 within each of the five vegetation types
and 1 at each pond) were established at which to conduct Point Counts. All
stations were located at a distance of approximately 250 meters apart (Ralph et
al., 1995) within a vegetation type. Point Count stations were permanently
marked with flagging and/or T-posts. Each station was georeferenced using the
Global Positioning System (GPS) and overlaid on a map of the Freeman Ranch
using the Geographic Information System (GIS) software ArcView
(Environmental Systems Research Institute Inc., 380 New York Street Redlands,
CA 92373) (Fig. 2). Excluding the Point Counts at the ponds, which were not
included in statistical calculations due to nonsystematic collection of this data,
600 Point Counts were conducted.

The study was conducted from October 1997 through October 1998. Data
were collected between sunrise and 10:30 a.m. Counts were not performed in
inclement weather or wind speeds in excess of 24 km/hr due to bird inactivity and
the inability to hear birds under high wind conditions. A time of 12 mins. at each
of the five stations within a vegetation type constituted a Point Count (Savard and
Hooper, 1995). The first 3 mins. allowed birds to adjust to the disturbance
created by the observer entering their habitat. The following 9 mins. were
divided into 3-min. increments with the recording of all bird species seen or
heard. To decrease the likelihood of counting birds more than once per visit, a

digital compass was used to record the location of each bird. Other pertinent
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Freeman Ranch
Point Count Locations

N

Scale 1:30,000

Fig 2. Locations of Point Counts (25) in the five habitat types representative of Freeman Ranch.
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data, such as air temperature, relative humidity, wind speed, and sunrise time,

were noted.

Bird Species and Diversity

Using Point Count data, species richness and abundance were calculated
for each of the 5 habitat types for each season. Brillouin’s Index (H) of diversity
was selected as the statistical method for determining species diversity for each
habitat type (Krebs, 1989). Brillouin’s Index was calculated using Kreb’s
Ecological Methodology computer software program DIVERS (Krebs, 1988). The
5 Point Count stations within each habitat were totaled to calculate H in order to
compare avian diversity across the ranch throughout the year. This resulted in a
total of 100 diversity indices for the ranch by combining data for each Point Count
station by season (20 for each habitat - 5 for each station in the 4 seasons). The
diversity indices were then compared by a 2-way ANOVA, using “StatView”
computer software, to determine if a significant difference existed in the utilization
of bird species by habitat and/or by season.

Brillouin’s index is a more appropriate choice to measure diversity than
the conventional Shannon-Wiener Index because the total number of species
within each habitat types was unknown. The Shannon-Wiener Index is best used
when a large number of random samples are drawn from a large habitat where
the total number of species present is known (Krebs, 1989). Brillouin’s Index of
diversity is prone to underestimate the diversity. However, large sample sizes

(such as in this study) reduce this bias (Zar, 1996).
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Finally, to differentiate among birds encountered on the Freeman Ranch,
the species were assigned to the following status categories: permanent
residents (birds on the ranch year-round), summer breeders (birds on the ranch
in the summer to breed and subsequently leave the area after breeding season),
and winter residents (birds on the ranch only in the winter). The summer and
winter residents were segregated by their occurrence in a habitat in one of two
designated seasons.

Brillouin’s Index (H) of diversity was calculated for these summer and
winter migrants to determine if these species made differential use of a particular
habitat type. If so, these areas were be assumed to be important to these
migrants. In the calculation of H for summer and winter migrants, if a Point
Count station recorded only one species, H was assigned the value zero, the
lowest value H may possess. These diversity indices were then entered into a
1-way ANOVA to determine if there was a significant difference in the avian
diversity for summer and winter residents throughout the 5 habitat types.
Fisher's Protected Least Significant Difference was used in post hoc testing to
further search for significant differences in habitat utilization by these non-

resident bird species.

Vegetation Sampling

Managing habitats for maximum bird diversity requires an understanding
of how the structure of a particular habitat affects the diversity of birds occupying
the area and whether bird species utilize one type of habitat more readily than

another. Cover and structure of the woody vegetation within a habitat are
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components relating to diversity and use by birds. Detailed information on woody
vegetation on the Freeman Ranch was collected from March through May 1998.

Cover is a fundamental component of habitat and vertical and horizontal
vegetation cover are the two integral components for determining vegetative
structure (Nudds, 1977). The vertical structure of vegetation is assumed to be
the primary factor in habitat selection for birds (Karr and Freemark, 1983). The
vegetation profile board (VPB) has proven useful in identifying structural
differences in the vegetative structure of habitats used by birds (MacArthur and
MacArthur, 1961). The VPB data also permits statistical comparisons of
vegetative structure among habitats in ocne season and within the same habitat in
different seasons (Nudds, 1977).

The VPB (Mitchell and Hughes, 1995) was used to measure the vertical
structure of the vegetation on the Freeman Ranch. The VPB was divided into 5,
0.5 m segments for a total board height of 2.5 m. Measurements were taken in
four cardinal directions, with the T-post or flagging as the center point, at each of
the 25 Point Count stations. A total of 20 sampling points were recorded in each
of the 5 habitat types. These data were analyzed by calculating the percent
visual obstruction of the vertical strata of the vegetation and visual obstruction
was assigned to one of five classes: 0-20% = 1, 21-40% = 2, 41-60% = 3, 61-
80% = 4, and 81-100% = 5 (Nudds, 1997). The frequency (0-20) distribution of
cover classes was recorded. The average visual obstruction was caiculated from
midpoint percent covers (10, 30, 50, 70, and 90%) multiplied by the frequency

distribution of cover classes and divided by 20 (the total number of obstruction
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measurements recorded per habitat type).

The horiéontal configuration of vegetation affects canopy closure as well
as foliage availability and quality. In addition, horizontal structure, like vertical
structure, affects microclimate parameters, such as temperature and humidity,
beneath the canopy (Halls, 1973). Horizontal vegetative structure was analyzed
using the line-intercept method (Higgins et al., 1996). From these data, the
relative density, percent cover, relative cover, frequency, relative frequency,
dominance (m? canopy/ha), and the relative importance value (RIV) of woody
vegetation in the five habitat types were calculated (Cox, 1996). This information
was used to classify the 5 habitat types, determine the dominant woody species,

and calculate the diversity of the vegetation.



CHAPTER 3

RESULTS

Avian Diversity

A total of 600 Point Counts at 25 permanent Point Count stations on the
Freeman Ranch produced records for 8,381 individuals of 85 bird species
(Appendix 1). In addition to these species, mist netting at 3 locations (2 ponds
and the LOW) increased the total number of species on the ranch to 110
(Appendix 1).

Table 1 shows the number of individual birds recorded and the species
richness in each of the 5 habitat types. Brillouin’s Index (H) of diversity for each
habitat by season is seen in Table 2. The 2-way ANOVA run on these 100 H
indices showed a significant difference among seasons (P = <.0001) and among
habitats (P = <.0001), as well as between habitats in different seasons

(P = <.0001). The interaction between bird diversity in the different habitats

throughout the year was plotted (Fig. 3).

16
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Table 1 Total number of individual birds recorded during Point Counts and the species richness
of the five habitats selected on Freeman Ranch as well as the total ranch

Habitat Number of Species
Individuais Richness

LOS 1715 53
LOW 2027 50

MS 1837 48

RIP 1546 48
JOF 1256 44
Total Ranch 8381 85

Table 2 Mean Brillouin’s Index (H) of diversity of bird species found in each habitat type
throughout each season and the year (Appendix 4)

Habitat Spring  Summer Fall Winter Year
LOS 3.007 3.087 2.984 2.624 4.008
LOW 3.060 3.395 3.312 2.880 4.211

MS 3.202 3.304 2.546 2.840 4.020
RIP 3.143 3.074 2.909 3.196 4134

JOF 2.926 3.015 2.849 2.532 3.805
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The LOW contained the greatest number of birds (n = 2027) (Table 1) and
ranked highest in avian diversity (H = 4.211) of the five habitat types on Freeman
Ranch (Table 2). This habitat was intensely used by birds in summer (H = 3.395)
and fall (H = 3.312) (Fig. 3), more than any other habitat type on the ranch.
Furthermore, the LOW's winter and spring bird diversity ranked second and third,
respectively, among the habitats.

The RIP ranked second overall in avian diversity (H = 4.134) for the year
(Table 2). This habitat had the highest winter avian diversity (H = 3.196) of all
habitat types (Fig. 3), surpassing the LOW. The RIP’s spring bird diversity
ranked second (H = 3.143) and this habitat's summer and fall diversity ranked
third when compared to the other 4 habitat types.

Over the year, the LOS ranked fourth in avian diversity (H = 4.008) relative
to the other habitat types (Table 2). By season, the LOS’s highest diversity rank
(H = 2.984), second, occurred during the fall. Furthermore, this habitat had the
highest species richness (n = 53) for the year and ranked third in abundance
(n =1715) (Table 1).

The MS ranked second in abundance (n = 1837) of birds, however, it tied
for fourth in species richness (n = 48) among habitats. This habitat had high
avian diversity (H = 3.304) in the summer, ranking second due to the addition of
summer breeding species (n = 8); the same number of summer species that
were found in the RIP. The MS’s high avian diversity (H = 3.304) in summer is
comparable to that of the LOW (H = 3.395) (Fig. 3). After the summer breeders

left the MS, bird diversity declined substantially in fall (H = 2.546) (Fig 3).
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Fig. 3. Bird diversity for the five habitat types on Freeman Ranch through four seasons.
Diversities represent the mean diversities per habitat per season as calculated using Brillouin’s

Index (H) of diversity; + 1SE.

19



20

However, diversity in the MS rebounded slightly (H = 2.840) to rank third in
winter, comparable to the LOW (H = 2.880).

The JOF had the fewest individuals (n = 1256) and the lowest species
richness (n = 44) of all habitats on the ranch (Table 1). In addition, this habitat
ranked fifth overall in avian diversity (H = 3.805) compared to other habitat types
for the year (Table 2). When broken into seasons, JOF ranked last each season,

with the exception of the fall when it ranked fourth.

Migrant Summer Breeders and Winter Residents

Twenty-five diversity values were calculated for summer breeders and
winter residents using Brillouin’s Index (H) for each point within each of the five
habitat types (Appendix 5). No significant difference was seen in summer
breeders among habitats (P = 0.7136) (Fig. 4).

Similarly, the winter resident bird diversity did not show a significant
difference (P = 0.0823) (Fig. 5). However, the RIP’s winter residents’ diversity
was marginally significant compared to 2 other habitat types in post hoc testing
using Fisher’s Protected Least Significant Difference for diversity. When
compared to the JOF (P = 0.0114) and LOS (P = 0.0360), the RIP showed a

significant difference in utilization by winter residents.
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Fig. 4. Bird diversity of summer breeders for the 5 habitat types on Freeman Ranch.
Brillouin’s Index (H) was used to calculate diversity.
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Fig. 5. Bird diversity of winter residents for the 5 habitat types on Freeman Ranch. Brillouin’s
Index (H) was used to calculate diversity.
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Vegetation Results

The RIP (Table 3; Appendix 2d) had the greatest percent total canopy
cover (144.8%) of the habitat types on the ranch, dominated by Ashe juniper,
cedar elm, and live oak. The understory was primarily composed of Texas
persimmon and green briar. Other woody plant species of the understory
included Mustang grape (Vitis mustangensis), elbow bush (Forestiera
pubescens), and walnut saplings (Juglans sp.). The RIP also had the highest
diversity of woody plants (H = 3.502) and the highest species richness of woody

vegetation (n = 25).

Table 3 Species richness, total number of individuals, total percent canopy cover (% cover),
Brillouin’s Index of diversity (H) for the woody plants in the five habitat types on Freeman Ranch

Habitat Species # Individuals % cover H
richness
LOS 15 137 53.9 3.144
LOwW 15 260 125.4 3.246
Ms 16 121 59.8 3.193
RIP 25 296 144.8 3.502
JOF 11 167 121.2 1.871

The LOW (Table 3; Appendix 2a) had a total percent canopy cover of
125.4%, representing the second highest canopy cover on the ranch. The LOW
was dominated by live oak. Ashe juniper was also frequently found in this area.
The understory in this habitat was composed of green briar, Texas persimmon,

and elbow bush. The LOW had a species richness of 15 and was the only area
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of the ranch with restricted grazing by livestock. The Brillouin Index (H) of
diversity for the LOW was 3.246 and ranked second among habitat types.

The MS (Table 3; Appendix 2c), had approximately one-half the percent
total canopy cover (59.8%) of the LOW. The plant community was dominated by
mesquite and hackberry. The understory in this habitat type included Texas
persimmon, green briar, prickly pear (Opuntia engelmannii), agarita (Berberis
trifoliolata), and tasaijillo (Opuntia leptocaulis), which created a thorn/shrub
environment. The MS ranked third in diversity (H = 3.193) and had the greatest
species richness (n = 16) of woody plants.

The LOS (Table 3; Appendix 2b), had the least total canopy cover
(63.9%) on the Freeman Ranch. This habitat type was dominated by live oak
and mesquite. The understory was primarily composed of green briar and Texas
persimmon saplings. The clumps or mottes of woody vegetation were scattered
throughout a short-grass savannah. The diversity of plant species (H = 3.144)
ranked second only to the JOF for the lowest plant diversity. The species
richness for woody plants in the LOS was 15.

The JOF (Table 3; Appendix 2e) had a total percent canopy cover of
121.2%, ranking third among the habitats. It was dominated by Ashe juniper and
live oak. Cedar eim was also present in this habitat. The understory in this
habitat was comprised of prickly pear, Texas persimmon, and green briar. Much
of the ground under the Ashe junipers was layered with needles creating an

acidic soil environment that is inhospitable to many plant species. Although the
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JOF had a large total canopy cover, it ranked last among the habitat types in
woody plant diversity (H = 1.871) and species richness (n =11).

When comparing the average visual obstruction in the habitat types, the
JOF had the highest average visual obstruction (56.8%) (Table 4; Fig. 6). The
average visual obstruction of the JOF exemplified dense (51-64%) vertical
foliage. Although the total average visual obstruction was closest to that of the
RIP and LOW, relying solely on these numeric comparisons would not have been

prudent.

Table 4 Average visual obstruction at five height increments for the understory In the five habitat
types representative of Freeman Ranch Average visual obstruction seen here resulted from the
calculation of midpoint % covers (10, 30, 50, 70, and 90%) multiplied by the frequency distribution
cover classes (0-20) and divided by 20 (the total number of measurements recorded in each
habitat type) (Appendix 3) The mean visual obstruction (Mean VisObstr) for each habitat i1s also
shown for general comparison

Mean
Habitat 0.0-0.5m 05-1.0m 1.0-15m 15-20m 2.0-25m VisObstr

LOS 34% 26% 27% 26% 25% 27.6%
LOW 63% 50% 45% 40% 38% 47.2%
MS 47% 29% 27% 23% 22% 29.6%
RIP 63% 46% 55% 46% 51% 52.2%

JOF 64% 51% 57% 54% 58% 56.8%
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Fig. 6. Average visual obstruction at five height increments for the understory in the five habitat
types representative of Freeman Ranch (Table 4; Appendix 3).

The JOF ranked last in woody plant species diversity as well as woody
plant species richness when compared to the other 4 habitats on Freeman
Ranch. In the JOF, visual obstruction was the highest in the 0.0-0.5 m (64%)
and 2.0-2.5 m (58%) of the VPB (Table 4). The areas of low grassland patches
juxtaposed to the dense cover created by Ashe juniper and live oak accounted
for these numbers. The JOF showed high visual obstruction throughout the
vertical strata, but again this was primarily due to the presence of a near

monoculture of Ashe juniper.
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The RIP ranked second (52.2%) in overall visual obstruction (Table 4).
This habitat exhibited vegetative structure at all levels from the ground up. The
vertical foliage was dense (46-63%) and was continuous from the base of Sink
Creek, which winds throughout this habitat, to the steep limestone cliffs found in
a large percent of the RIP. In Fig. 6, the average percent coverage of the RIP
revealed a consistently dense vertical stratum. The norm was a pattern similar to
that of the LOW (Fig. 6), however, in the RIP branches and foliage were denser
throughout the understory and canopy.

The LOW had a total average visual obstruction of 47.2% and was similar
to the RIP in terms of dense foliage structure throughout the vertical strata of the
vegetation. Upon visual observation, the LOW appeared to be a thick shrubland
with little open space and this was confirmed by these results. The LOW showed
the highest visual obstruction (63%) in the lowest level of the VPB (0.0-0.5m) and
dense vegetation remained relatively high as the height of measurements
increased to 2.5 m. This indicated a thick understory at all vertical strata in the
LOW.

The LOS had the greatest visual obstruction (34%) at the 0.0-0.5 m
increment of the VPB, which is characteristic of a savannah. The majority of the
habitat had oak mottes scattered throughout this area. The mid-vegetative strata
of this habitat was sparse (Fig. 6).

Finally, the MS possessed the lowest (27.6%) average visual obstruction
of all habitat types (Fig. 6). This habitat had a dense, low understory with the

greatest visual obstruction at the 0.0-0.5 m level of the VPB. This type of vertical
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strata was due to the thorny, smaller plants such as mesquite, prickly pear, and

tasajiilo. Although this habitat was dense in its understory, the general

appearance of habitat type was rather open.

Commonalties of Bird Species and Vegetation Among Habitat Types

Several bird species were recorded in most if not all habitat types.

Several plant species dominated the majority of the 5 habitat types. Twenty-six

bird species occurred in all 5 habitats on Freeman Ranch throughout the year

(Table 5). Nineteen bird species were classified as year-round residents, 4 as

summer breeders and 3 as winter residents.

Table 5 Common bird species recorded during point counts in each of the 5 habitat types over
the course of ayear The status categories for birds were' Year-round residents (R), Summer

breeders (S), and Winter residents (W)

Birds recorded in all 5 habitat types on Freeman Ranch

Northern Cardinal (R)
Carolina Chickadee (R)
Tufted Titmouse (R)
Bewick’s Wren (R)
Carolina Wren (R)
Eastern Phoebe (R)
Great-tailed Grackle (R)
Scrub Jay (R)

Northern Mockingbird (R)
Blue Jay (R)
Ladder-back Woodpecker (R)
Northern Bobwhite (R)
Field Sparrow (R)

Turkey Vulture (R)

Black Vulture (R)
Brown-headed Cowbird (R)
Blue-gray Gnatcatcher (R)
Morning Dove (R)

Inca Dove (R)
Rufous-sided Towhee (W)
White-throated Sparrow (W)
Ruby-crowned Kinglet (W)
Yellow-billed Cuckoo (S)
White-eyed Vireo (S)
Painted Bunting (S)
Sissor-tailed Flycatcher (S)
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The tree species comprising the canopy cover in each of the 5 habitat
types were markedly similar. Hackberry, Ashe juniper, live oak, and cedar elm
occurred in varying percentages in all habitat types (Appendix 2). Mesquite was
found in all habitat types with the exception of the JOF. The Spanish oak
(Quercus buckleyi) was found exclusively in the RIP’s canopy.

The woody shrubs, vines, and/or succulents that comprised the understory
in each of the 5 habitat types were dominated by Texas persimmon and green
briar in all but the JOF where prickly pear replaced green briar in dominance.
Agarita was also found in each habitat type with the exception of the JOF. Elbow
bush was encountered in ;very habitat. The JOF, LOS and MS habitats all had
prickly pear as one of the top five dominant plants found in the understory. In the
MS and the LOS, tasajillo was in the top 5 dominant understory plant species.
Both these savannahs had prickly pear where cows had easy access to grass
and forbs and over-grazing had occurred. The RIP had several understory plant

species that were not found in any other habitat and walnut and mustang grape

were of the 5 dominant species in this habitat.



CHAPTER 4

DISCUSSION

Avian Diversity by Habitat

The LOW had the highest overall bird diversity and surpassed all habitat
types in the number of birds. This habitat was by far the most diverse of all areas
studied on Freeman Ranch. By season, the LOW showed the highest avian
diversity, when compared to other habitats, for both summer and fall. When
solely examining summer breeders, the LOW supported the greatest number of
birds. Such summer breeders as the Yellow-billed Cuckoo, White-eyed Vireo,
and Painted Bunting contributed to the LOW's high diversity during summer. In
winter, the LOW ranked second in bird diversity with dominant winter residents
such as the Rufous-sided Towhee, Ruby-crowned Kinglet, White-throated
Sparrow, Spotted Towhee, and House Wren contributing to the LOW’s high
winter resident numbers.

Upon initial observation in the field, the LOW was perceived to be a dense
thicket with little open space in the vegetation. This was confirmed by examining
the average visual obstruction (Fig. 6) created by the vertical strata of the

vegetation in this habitat. The level of the VPB closest to the ground revealed
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the most visual obstruction and this trend ( > 40% average cover) continued up
through 1.5 m and 2.5 m heights. These vertical strata exemplified thick
understory in the majority of the LOW that may provide nest sites and protection
for birds as well as continually dense foliage layers throughout the canopy.

The LOW ranked second in the total canopy cover recorded for a habitat
type. This nearly continuous canopy may result in increased protection from
predators such as hawks and more uniform temperatures hospitable to bird and
plant species alike. The combination of dense understory and extensive canopy
cover may provide greater numbers of suitable nest sites and foraging areas for
birds. Also, the LOW ranked second in vegetative diversity on the ranch. The
heterogeneous landscape in this habitat type seemed to appeal to birds
throughout the year. The lack of grazing by livestock may also add to the
inclination of birds to reside here by adding to the diverse vegetative structure.
Overall, this habitat was an excellent area for birds as indicated by the diversity
indices, species richness, and overall abundance.

The RIP had high use by birds on the Freeman Ranch. This habitat
ranked second in total species diversity for the year. Surprisingly, the RIP
ranked fourth overall in species richness. This peculiarity may be accounted for
by the migratory nature of summer breeders and winter residents. Such
transient winter species as the Rufous-sided Towhee, Ruby-crowned Kinglet,
American Goldfinch, White-throated Sparrow, Lincoln Sparrow, and Savannah
Sparrow found a hospitable home here in the winter, creating the highest

diversity of all habitats in the winter. Another reason for the high winter bird
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diversity may be due to the consistently higher cover values for the vertical sirata
in this habitat. The heterogeneous vegetative structure found throughout the
strata in this habitat offers cover, nest sites, and foraging which attracts a
diversity of bird species. This habitat type also had the highest woody plant
species diversity. The RIP showed the greatest total percent canopy cover of
any of the 5 habitats on the ranch. The canopy cover of live-oaks (nearly
evergreen — leaves persist throughout the winter and fall off in the early spring)
and Ashe junipers (evergreens) would provide protection from inclement
weather. Also found in the RIP were cedar elms, which are one of the first
species to lose its leaves in the winter and one of the first trees to bud in the
spring.

Riparian areas are habitats with unique features because they are
ecotones between upland and aquatic habitats (Murray and Stauffer, 1995).
Water may or may not be present, as is the ephemeral nature of the Freeman
Ranch’s Sink Creek. Research has shown that riparian habiic‘ats support more
avian species and a greater abundance of birds than adjacent habitats (Smith,
1977; Dickson 1978; Stauffer and Best, 1980). These studies, like the present
one, were conducted in a riparian area that possessed an obvious change
between riparian and adjacent zones. Some studies conducted in areas where
forested habitats occurred continuously from riparian to upland zones did not
demonstrate an increase in diversity (Murray and Stauffer, 1995).

The RIP on Freeman Ranch, which encompassed the two predominant

soil types present on the ranch as well as Orif soils which were only found in this



32

habitat, was the site where Sink Creek’s tributaries merged and was adjacent to
a dam that created an abrupt shift in the forested riparian area. Typically, soil in
riparian areas enable more plants to grow faster than in drier upland areas.
Thus, higher plant diversity is found which enables more wildlife diversity (Murray
and Shauffer, 1995). |

Although the MS ranked third in bird diversity, this habitat had identical
avian species richness as the RIP. Although a diversity of birds inhabits this
area, their numbers are fewer than that of the RIP. By season, the MS’s avian
diversity ranked second only to the LOW in the summer. Similar to the LOW, the
MS attracts such summer breeders as the Yellow-billed Cuckoo, White-eyed
Vireo, and Painted Bunting; however, an additional tenant, the Scissor-tailed
Flycatcher, flourished in the open landscape created by the short grassland.

Although ranchers consider mesquite, as found in the MS, a nuisance
because of the tree’s increased abundance, the plant provides valuable forage
for livestock and wildlife as well as shelter for forbs and grasses (Tull and Miller,
- 1991). The mesquite trees, agarita, tasajillo, and prickly pear provide shelter
from the weather, protection from predators, and nesting sites for birds as well as
other wildlife. The thorny nature of this environment is also a deterrent for
livestock grazing except under harsh environmental conditions, such as drought,
when food is scarce.

The bird diversity in the MS radically declines in the fall, resulting in the
lowest diversity of all 5 habitats. This is most likely due to the large number (n=8)

of summer breeding species migrating from this habitat at this time of the year.
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Also, the low vegetative diversity and the second lowest overali canopy coverage
and vertical visual obscurity may make this area less hospitable in the cooler
months when protection from winds and predators is minimal and food is scarce.

The LOS exhibited the second lowest overall avian diversity throughout
the year and the second lowest avian diversity for each season (Table 2). The
trend in bird diversity for the LOS exhibited a noticeable decline in the fall and
winter and was slightly more accommodating to bird species in the summer. The
reason for this may be that the short grassiands composing the majority of this
area provide little habitat value to bird species in general, supplying little food or
nest sites except within the oak mottes scattered throughout the habitat.

The greatest number of sightings of Northern Mockingbirds (422) was
recorded in the LOS. This area may be conducive for this species due to the
openness and perches available for display, especially during the breeding
season, when the highest number of sightings (152) occurred.

The LOS’s short grass savannah may provide some conceaiment for other
bird species, however overall it did not appear to be a highly desirable habitat for
birds. The LOS also had the lowest percent total canopy cover of all habitats on
the ranch. Based on seasonal avian diversity, winter residents were under
represented in this habitat and the lack of overstory may have been a factor.
Also, the LOS had the lowest visual obstruction in all vertical strata of the
vegetation.

The LOS had the largest number (13) of winter migrant species, although

these were consistently single recordings. The proximity of the Laguna, a
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constant water supply for all wildlife as well as cattle, may have been a lure for
these birds and could account for some of these unique occurrences. Although
summer breeders, such as the Yellow-billed Cuckoo and Painted Bunting were
recorded in this area, migrants were found much more abundant in other habitat
types.

The JOF as a whole was the least used habitat on the ranch with the
lowest species richness and species diversity when compared to the other 4
habitats on the Freeman Ranch. Although this area had the third greatest total
canopy cover of habitats, this was due primarily to the near monoculture of Ashe
juniper. Although Ashe juniper stands are rather dense, they do not provide a
rich food base for birds or the vegetative diversity proven advantageous for avian
species. Ashe junipers are essentially devoid of any vegetation beneath the
trees and the needles covering the ground provide a negligible amount of cover
for birds. Recall that it is not the total visual obstruction, but rather the increasing
number of vertical foliage layers that tend to support higher bird diversity. The
vertical vegetative structure in the JOF from understory plants was practically
nonexistent and this habitat’s overall plant diversity was by far the lowest. Avian
species diversity by season for the JOF was the lowest of all habitats during
spring, summer, and winter. The seasonal trend in bird diversity, while
consistently lower, followed that of the LOS, another habitat with low diversity.

Habitat loss due to land use practices is a gradual process. In Texas, an
increase in Ashe Juniper density per hectar has progressively occurred on

rangelands. The expansion of Ashe juniper has been accompanied by a
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reduction in the numbers of hardwood trees due to the practices of fire
suppression and overgrazing. Monocultures of Ashe juniper do not support a
high diversity of bird species. Even the endangered Golden-cheeked Warbler, a
species dependent upon Ashe Junipers, is more abundant in areas with less than
100% Ashe juniper. Woodlands with a combination of Ashe juniper and
hardwoods located in relatively moist areas are not only prime habitat for Golden-
cheeked Warblers, but the nearly continuous (50-100%) canopy cover of trees is
also important for deer, turkey, songbirds, and other wildlife because of the
vegetative and topographical diversity and proximity to a water source

(Campbell, 1995).

Although the JOF was not preferred habitat as a whole, Scrub Jays were
recorded more often in this habitat than in any other habitat on the ranch. Scrub
Jays’ breeding and nest sites often occur in Ashe junipers. More importantly, the
Golden-checked Warbler (GCW) was recorded on a spring Point Count near a
draw in the JOF. GCWs were also heard on two other occasions in the same
area. GCWs breed almost exclusively in Ashe juniper woodlands on the
Edwards Plateau in Texas. The area along the draw on Freeman Ranch has old
growth Ashe juniper with striping bark that is used by GCWs for building their
nests. Although these 