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Habitat Area Reguirements of the
Golden-cheeked Warbler onh the Edwards Platean

INTRODUCTION

The breeding range of the Golden-cheeked Warbler
{Dendrgica chryscparia) is restricted to Central Texas
{predominantly on the Edwards Plateau) and is associated
with the occurrence of Athe juniper {Juniperus ashei}. In
fact,. its breeding rarige coincides ‘almost identically with -
the range of the Ashe Juniper (Pulich 1%76}. The widespread
clearing of juniper as a range management practice coupled '-'1
with urban encroachment into the breeding areas of the
warbler has cauzed considerable concern For the future of
the species. B | .

pulich [19?5}3&escribed.fypiéal warbler habitat és
"dense cedar.brakes" but later descriptions indicate a
mixture of Ashe Juniﬁer with various species of @aciduous
plants is important (Kroll 1980, Ladd 1985, Wahl e#_al,
1988, Wahi et ai. 1995}. Althougp Kroll {1988} suggested
that the Gclden-cheekéd Wgrb;eg.wés primarily an edge
species, thié assertién ié not squorted by later

investigations (Ladd 1§85}. The bird is commonly

parasitized by Brown-headed Cowbirds (Molothrus ater).

pulich (1976} found that 1% of 33 nests observed contained

cowbird eggs. | | | |
Remaining Golﬁen—éheeke& Warbler habit;t is undergoing

canstan£.fra§ﬁentatién ;wing to human pressure to develop

the BEdwards Plateau for increased economic gain., It is



commonly believed.thet tﬁie fregmeﬁtation will negatively

[
impact the elready.limited population of breeding warklers.
However, no investigation has attempted to characterize and
quantify the life history relationship of the warbler to
habitat area requirement|or "patch size". What is: the
minimum patch size required to maintain a productive
breeding territory? Recent work indicates that many bird
species exhibit a merkeﬁ-relatienehip;te hakbitat patch size
(Robbins et al. 1989}, . An understanding of this.
relationship is crucial to conservation planning and

management .

OBJECTIVES OF THIS STUDY

Plapning for this p%oject was cenrdinated by Mr. Rex
Wahl at the Texae Parks and Wildlife Department ﬁuetln,
Texae.. Several factors $1cnq delay lp getﬁlng contract
signed at TPWD forcing wérk to begin late in:fhe-eeerch,
satellite images did not|register properly with feetures on
the ground, resignation of TPWD personnel that were to play
a major role in cempletlng some of the tasks, etc.) have
caused the scope of this prO]ect to be reduced to the twe

major objectives listed below.

Objective 1: To determine the relatienehip'ef the
occurrence of Gﬂlde?-cheeked warblers to three meaeﬁres
(area, edge, fractal dimension} of habitat ftragments or

patches.




Objective 2: To measure the_typical Goldepicheeked Warble;
territory size, spatial and temporal ﬁﬁilizatiqn
factors, and the témpﬁral‘dynémics of territories
during the breeding Season. ﬁnstrumentation developed
at Texas A&M University will ﬁe tested. The
instrumentation records the location of vocalizing

warblers through hypérbcliﬁ positioning.

STUDY ARE2
The study area for the patch size/shape relationship

investigations was the Edwards Plateau of central Texagh;
More than three hundred individual samples were taken in
various areas in the hill bpuntry. Methods for taking
samples are described elseﬁhere. Table T lists the Texas
Highway Department aerial phoﬁﬁgraphs which cover all the
sample=s taken. These photographs are also included in the
appendix. ‘The locations of all study sites are marked on
the photographs. A zZero represents a sample taken where no
Golden-cheeked Warblerz were discovered. An "X" represents
a sample takén where Golden-~chesked Warblers were present.
The study site for the hyperbolic positioning system

test was a location in western Grimes County, Texas’



TABLE ¥. ) -
County Map Hunber Sites on Photo

Bandera 1.21.348 .21
n 1.8.54 17
Bali 11.9,125 : g
Bexar 2.12.288 11
u {2.15.409 _ .3

u 2.12.287 ' 23
Blanco 1.4.45 - B
Burnet "1.15.367 1l
" 1.15.375 1

e 1.14,.337 3

n 1.14.340 1
Lomal 1.8.173 &
" 1.12.273 13
Hays 1.5.94 3
Karry 1.11.265 10
n 1.6.13% 2

n 1.7 160 32

" 1.18.235% 11

" 1.10,237 i

n 1.11.260 il
Liano 1.33.324 1
Travis 1.12.215 4
n ; 11.11.202 14

u B 1.31.201 3

" - 1.11.200 14

" 1.10.164 5

" 1.12.218 2

n 1.12.2290 &8

n 11.13.2413 5

n 1.13.244 10

n , 1.14.267 3

n 1.15.302 2

n 11.,20,408 8

n 1.16.319 7

n |1 1.13.248 &4

n 1.14.263 8

e 11.17.348 5
o 1.17.338 1
wWill. . _ . 1.15.340 4
" Z.22.44) 2




FIELD METHODS

The methods used to accomplish the first objactive were

as fellows. Field observers, in conjunction with the

principal investigator, studied detailed maps and aerial

photographs of the Edwards Plateau. Subseéuently, field
obsarvers traveled tc the Edwards Plateau in search of

siitable sites (patches) in which teo complete a sample.

Sites were selected by fitting them fo a sﬁructural profile
. . i . ‘

which required the following criteria he m%t. Patches were

composed of mixed oak and juniper and the iunipers wera at
least & meters in height. The canopy cover was at least 50

parcent, measured at the 4-meter level,

T

Patches WEIE selected.éo that & sampllng 51te.ﬁas at
least 45 meters from any part of the patch edga In larqe
patchez, the observers were instructed to take multipie |
samples but thése samples weré always more that 150 meters
apart. | | = |

Sampling begén no.eérliéf than 30 minﬁtés after local

sunrise and did not extend past 3:00 PM local time. Samples
were not taken in rain nor in conditicns where the

temperafure was below 4G° F, nor when w1nd spesd was dreater
than 15 mph durlng any portlcn of the survey

Samples were taken using a medified c}rcular plot
method. The observer established a suitab}e sampling site,
then sat guietly noting all sightings or vocalization of

- : : i

Cotden-cheeked warhlers. Tn the case of visual



observations, distance classes were estimated as in the

Emlen Method {Emlen, 19?£}- If time allowed, other bird
:species seen Or héard ﬁu%ing the 20 minute pericd were
noted. The 1ocaticn of éhe éaméling site waé recorded on a
USGé tcpographica? map aéd sightings were recorded on a |

standard field data sheeé for later analysis. A copy of the

; P
field data sheet iz included in the appendix.

The second oﬁjectivé of this:work was to test the

feasibility of uaing a new technique developed by Rokert

. ! : L
Benson to study the range and movements of small vocalizing

birds when hidden in heaﬁy cover, The method uses four

microphones deplnyed in a sguare array in or near the
vocalizing blrd’s br9ed1ng terrltory In general the sound

of the 51ng1ng blrd arrlves in the four mlcrophcnes at

I
dlffarent t1mes By analyzlng the delays between the

arrival time Df tha varquS vccallzatlons, it is
thecoretically possible td calculate the position of the

" source of sound {i e, the pird). The initial plan was to

deploy this system in the terrltory of a Galden cheeked
|
Warbler. However, becauae the pro]ect got off to a very

late start leng tc cantract problems, it was not possible

to deploy the systEm as planned Instead, the system was
deployed near the Fexas %&M ﬁni?ersitg campus in the |
territory of a ﬁﬁ;te—eye& Vireo. White-eyed Vireos tend %o
remain in heavy céver anﬁ prcv1ded a good test of the

positioning system Detalls of the system and the results

obtained are elsewhere 1n thls report



METHODZE QF ANALYSIS

Objective one

Field observers noted the number of Golden-cheeked
Warklers seen or heard at each survey site and marked the
exact location of the site on 1:24,000 U. S. Geological
Survey topographic maps. Aerial phctaéraphs {at the =zame
scale) of the survey sites were obtained from the Texas
Higﬁway Department in Austin, Texas. All sSites were
transcribed onto the aerial photographs. Sites where
Golden-chasked Warblers were discovered during the survey
were marked with an "X". Sites where Goldeh-cheeked
Warblers were not found were marked with"ow,

In most cases, the perimeters of the patches were
apparent on the aerial photographs. However, it was not
poussible to detérmine ifall the vegetation enclosed by the
perimeter properly fit the criteria_mentioneﬁ above (tree
height, pregences of ocaks, and canopy cover).

The outlines of #ll patches containing survey sites
were digitized wsing a Hicomscan Data Tablet bDigitiszer Model
HDG-1111E with a point resclution of 0,001 in. To.assure
that the same subjective rules for deciding what constituted
the perimeter of a patch were used, one person .complete'd the
entire digitization. These data were colltacted and stored
on a Hewleti-Packard Vecktra Model RS/20 microcnmputér..

T wrote computer software which used the vector

reprasentation of the patch perimeters collected by



digitization and calculated the patch area in sguare meters,
the total perimeter in"matars; the ratio of the area to the
perimeter and the fractal dimension of the patech. Ffactal
dimension was calculated uging the following formula

(Gardner et al. 1937),

where D is the fractal dimensicon, A is. the patch area and P
is the patch perimeter.

Reaching objective one regquired ansﬁering the following
question. Is the probability for discovering Golden-cheeked
Warklers in small, patehes significantly less than the
probability of discovering Golden-cheeked Warblers in large
patches? 1 planned to develop a logistic regression model
to explain the relationship between probability of
occurrence and patch size. However, 3if it could not be
shown that small patches represented lower probkabilities of
oCccurrence, procegding with logistic regression was not

warranted,

I sorted the data by patch size in ascending order and
chose five size classes. ‘These classes vere 0 to 44.99 ha,
45 to 93.99 ha, 9% to 143.99 bha, 142 £o0 185.99 ha, and 186
to 238 ha (to simplify tables and graphs, I have allewed
overlap in stating the classes, For example, class 0 to
44.99 is shown as 0 to 45). The choice of five classes

assured that the sample size was larger than 30 in each




case. The probabilities of discovering a Golden-cheeked
Warﬁle;_in the respective size classes were calculated by
dividing the number of patches with warblers by the total
number of patches sampléd in the size class. Results of the

classification are depicted in Table IT and figure 1 helow.

TABLE II.
Class Patch size Probability of Occurrence
I 060-45 ha _ 0.336
ix 45-94 ha : 0.3%5h
Ii¥ 94-142 ha : 9.268
v : 142=-158& ha . 0.351

v lSE-ZE%-ha _ 0.582

T
= T

To test whether the émallest.size class %epfesgnted a
smaller probability of:cccurrence compared with the larger
patches; ctasses II, TIIT, IV, and V were lumped into one
class anﬁ compafed to class . The prebability of
oeccurrence in the lumped class was p1=0.337. The
probability of occurrence im class T was pp=0.236. A one
tailed test at the P = 0.05 level of significance using
pocled proporﬁions {hrnolﬂ 1990) was used ito examine the
hypotheses Ho:pi=pz; H1:pi»p2- |

simitar tesfs wer? performed on data sorted by
area/perimeter ratio {a measure of edge) and fractal
dimension (a measure of shape). See figures 2 and 3,

Additionally, I applied Canonical Discriminaté Function
Analysis in an attempt to develop a model which could use

the three measurements (area, area/perimeter, and fracktal



- GCWA vs Paich Size

Paich size classes from O to 238 ha

Ralio of GCWA occdrrence per survey site

00-45 ha 45-94 ha P4-142 ha 142-1846 ha  184-238 ha

. : Patch size classes
F lg LI ]. F :

GC:%WA vs Area to Perimeter Ratio
Five equal classes from 20 o 315

Ratlo of GCWA cccurrence per survey slie

0.4 |
0.3
0.2 ¢
0.1F
20-20 301 139-192 192-258 258-315
F . 2 Areq fo perimeter classes
' g' = B cias
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dimension) simuizltapneowsly. It should be noted that

perimeter/area ratio and fractal dimension are correlated by .

a nnnflinear relaéionship; The model considered two
classeé; patches with warblers present during the survéy'and
patches without warblers present during the survey.

Finally, I sorted the aerial photographs (subjectively)
into three c¢lasses according to the perceived amcunt of
urban development. Develeopment types considered were
housing subdivisions, industrial areas, roads, and other
signs of huﬁan density., The classes were LOW urbanizétion,
MODERATE urbanization, and HIGH urbanizatien. Each aerial

photograph inciunded a total area of 2982 ha (11.5 square

miles).
TABLE JIIT.
{Low urbanization)
Photo number  Sites on photo Sites with GCWAs on photo
31 i3 0
40 2 2
36 21 1G
43 5 5
33 i 1
1 i 1
2 3 i
3 2 Q
4 32 5
2 11 3
10 10 &
14 11 3
1% 13 il
26 3 2
27 1 0

11



TABLE IV.

{Mcderate urhanlzatlan}

o e o o T T L T T — T S L L L v Sy T T

Fhoto number Sltes o photo Sites with GCWAs on photo
7 9 1
29 4 0
30 1 o
3= 3 O
38 11 5
A 23 3
35 2 3
32, 7 &
15 10 7
22 4 3
24 # &
TABLE V.

{ngh urbanlzatlon}

e e e e e e e e o e e o L e e e e i —————— e i ———————_ i

Fhoto number Sites on photo Sites with GCWAs on photo
5 17 4
6 6 0
8 5 G

3] _ 14 2
iz 3 G
13 14 =)
is 4 0
17 2 0
ig 6 Q
20 5 3
21 10 7
23 1 0
25 3 2
28 2 2

Tite aerial photographs from which these data are taken
are included in the appendix.

To test whether the class with lowest urbanization
represented a larger probability of occurrence compare& with

the class with highest urbanization, a one tailed test at

1z



the 0.056 level of significance using podled proportions
(Arnold 1990) was used to examine the hypotheses Hgipi=ps3:
Hy:p1>Pp. The proportion of sites with warblers in the low
urbanization class py was .0.40. The proportion of sites

with warblers in the high urbanization class ps, was 0.24.

Objective tvo
The positioning of vocadlizing birds by acoustic
hyperbolic positioning system depends on the measurement of
time delays between the arrival of signals from an array of
microphones. Consider a standard rectangular coordinate
system with the y-axis vertical and the x-axis horizontal.
A microphone is deployed at xy -x, ¥, -y where |x] = |-x|
= |y| = [-¥|- By measuring the time delay between the
arrival of a signal at microphones x and -x and by noting ia
which microphone the sound arrives first, the peosition of
the source lies on thHe hyperbola defined by the following
agquation.
x*  y?
—— - - = 1
as ot
Likewise; the delay measured ketween y and -y place the
source on the hyperbola.dgfingd by this eﬁﬁaticn.
2 x?

—_— o —— = 7

£2 | g2

By solving these eguations for an intersection, it is

13



possible to determine the position of the source
vacalization (figure 4}, The velocity of sound (figure 5)
is critical and can be determined if the air temperature is
known. Any wind velocity will contribute error te the
calculated position. However, if the wind velogity iz less
than 5 mph, the error is negiigible. I wrote a computer
Program to automatically calculate sovurce positions using
time delays measured with the Kay 5500 spectrograph.
Details of these calculations and the computer program are
not included in this report but are available to the Texas

Parks and Wildlife Department if needed.

REBULTS

Chijective one

Within the limits of the measurements taken in this
study {patch area, area/perimeter, fractal dimension) none’
of the parameters were found to be significant predictors of
the presence or absence of Golden-cheeked Warblers at the
selected study sites. The percentage of occcurrence of
warblers in patch-sizes below 45 ha was statistically no
smailer than the percentage of occurrence of warblers 1n
patches 1arger than 45 ha (P = G.D5]. Furthermore, no clear
relationship was observed when areafﬁerim;ter and fractal.
dimensicn were considered.

Discriminant Function Analysis was performed in an
attempt to develop a model which could classify habitat

patches into one of two classes: (1) patches with Golden-

14



GCWA vs TFractal Dimension
Five classes from 1.66 to 2.0

Latio of GUWA oCccETTence per survey sie
(1X-] -

Y- SR e
0.4 e
031 -

0.2

.1

166-1.70 1.70-186 1.80-1.90 190-187 1La7-2.00
Froctal Dimensicn classes

Flg 3 -.{::ldss

Bialange {m)
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Fig. 5. Radial error made as a function of sound velocity.
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cheeked Warblers and (2) patches without Golden-cheeked
Warblers. The mode: was based on the parameters measured
and calculated for each patch. Results indicate that the
model derived from these measuremenis was not well suited
for classifying patches. The model (when attempting to re-
classify patches used to develop the model) had an overall
error rate of 43.3 percent. In other words, the model
failed to properly classify 43 percent of the patches even
though the model was based on the same patches it was trying
to classify.

Canonical DFA was also performed and plots of canonical
axes CAN1 vs. CAN2, CANl vs. CANM3, and CAN2 vs. CAN2 were
made. AS expebted, no clear separation was evident. A
complete print-out of the analysis is in the Appendix.

When low urbanization verses high urbanization were
tested, I determined that the proportion of occurrences of
Gﬂldenmchgeked Warblers in the highly urbanized areas was
significantiy lower than the proportion occurrences in the
1éast urbanized arsas. Warblers were found at 40 percent of
tﬁe least vrbhanized sites and only found on 24 percent of
tﬂe highly ?rbanized sites and this difference was

significant (P = 0.05).

Objective two

The results of the vocal positidning system were very
promising. Figure & below is a plot of pasition:calculated

for a male White-eyed Virec over a twenty minute period.

17
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Rotice that the bird did not leave the cover of the yaupon

{Ilex vomitoria} thicket.

DISCUSSION

This study represents the flrst attempt o characterlze
the relationship (if any) between the occurrence of Golden-
cheeked_ﬁarbiers on the Edwards Plateau and various habitat
patch parameters. My analyses indicate that fhere is no
significant relationship Eetween the probability éf finding
a Goiaen—cheekéd Warbler in a given patch and patch sige,
amount of edge availabla,”or_the shape of the pafch.
Additionally, multivariate stgtiéticél technigques ?hich use
all measurements and calcuiated parameters siﬁultaneously
are not able to establish a ciassification model that can he
relied on to prediﬁf if a patch is likely to be occupied by
a warbler, | | |

;The standardhwisdom among researchers working with
Golden—-cheeked Warblers has been that habitat fragmentatlon
causes a decllne in the population 1evel it cannot ke
argued that the elimination of prime habitat by developpenﬁ
of other means has no effect on the survivability of
warblers in theif restrictEd raﬁgeL Huwever,:my analyses
shnw that habltat fragmentatlon alone does not have a
slqnlflcant 1mpact on the blrd It must be undarstocd that
to fragment habitat, destructlon of existing hahltat mast
accur., Since this warbler will not utilize areas other than

uak—junlper stands fragmentation will reduce the available



habitat and will have a negative impact on the bird. But it
cannot be said that small patches are inferior to large
patches as suitable habitat. The smallest patch we sampled
{(0.66 ha] did suppcrt at least one male Golden cheeked
Warbler. | |

My analyses do 1nd1cate that octher habltat factors like
urbanization can and do play a major role in the llfe o
history.of fhé warbler. Golden- cheeked Wwarblers are 40
percant less likely to be fﬂund in the more urban areas of
their range. This result may be consiﬂered evidence that
urbanization causes a dEDllnE in populatlon 1evels But
when ccn51dered on the scale of the entire range cf the
blrd the reductlcn in numbers is small For example, 1f 10
percent of the total range has been urbanlzed the reductlon
in the pupulatlon would be 0.4 X .1 or 0.04 resultlng in
approXimately a 4 percent reduction in population., I do not
have exact numbers for the extent of urbanization on the
' Bdwards Plateau. Consequently, this fesﬁlt.is nnlf.an
example meant te prevent casual readers from concluding that
a 40 percant reduction in numbers in urban areas translates
to a 40 percent reduction in the entire rpopulation.

A conclusion of this.study is that hakitat eliﬁiﬁatiﬁﬁ
and nc£ habitat fragmentatioh will have a major imﬁact on
the long-term survival of the bi?ﬁ. If wildlife maﬁagers
and planneré seek to presarve GDldEH;ChEéEEﬁ Warbler
:habitat, it makes little difference whether habitat is set

aside in large patches or small patches, as long as the

20



preserved habitat is away from present or future areas of

dense urbanization.

adnothar conciusion of this Eﬁudy is that the hyperbolic

positioning system tested under this contract can provide an

important new tool for the study of the utilization of the

home range of the Goldeén-cheeked Warkbler and other difficult

to study passerines.

Much more work needs to be done before a complete

understanding of.the life history and habitat regquirements

af the Golden-cheeked Warbler is poSsiEle. All studies thus

far have suffered from a poor knowledge of the population

level of the bird. Without believable baseline information

developed over time, we cannct document either a decline or

increase in the population. This study is orly suggestive,

More work is needed to understand what factors asscoiated
with urbanization are limiting the occurrence of the bird

the eastern part of its range.
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GCWA data sheet

Date: Time: Cuad name:

Survey site number marked on guad map:

Assure that the selected survey site meets the following criteria: Patch must be mixed
oak-juriper stznd ferming a patch. Junipers must be 5 m in height, and the canopy cover
must be at Jeast 50% at the 4 m level,

For each GCWA seen orhaerd, cirele the following data eniries if the infommaion is obiinable,

GCWA{1): [seen heard] |male fomale] Distinoeclass: [0-9 1D-19 20-20 3D-3% Mo
GOWA{2): [seen bheard] {male lemalke] Distanczclass:[0-2 i0-19 20-29 30- 52 Mo
COWA () jseen heard]  [male femak) Bistanceclass:[9-9 10-10 20-29 30- 3% More)
GCWA{4): §seen heard]  {male lemale]) Distancaclass’[0-9 10-15 20-20 30-39 Mo
GCWA{S): fseen heard]  [malke lemale] bDistanceclass:[©-92 10-19 20-29 36-39 Morg
GCWA (B} 1 [seen  heard]  {male lemale} Distanceclass [0-9 0-149 20-29 30- 3% More]
GOWA (7). [seen heard]  (male female) Distanceclass [0-8% -1 20-29 30- 82 More)

GUWAR): [seen beard] [male female} Oisnceclass:[0-9 i0-19 20-29 30-39 e ]

Total number of Cowbirds seen or heard during the 20 minute survey period.

MNotes:




; GCWA data sheet
Protocol

Site selection: A suitable initial site (patch) is to be selected by the foilowing
method. if a map overlay computed from satellite imagery is available, it
should be used as a guide to paich selection. [ an overiay is not
available, iniiial paich setection should be based on the experience of the
surveyar.

{Once initial patch selection has be done, the proposed patch must it the
structure profile indicated on the reverse side of this data sheet or the site
must be rejected as a suitable paich.

Sites should be farge enough {0 allow the observer to be at least 45 m
from any edge of the patch. When multiple sites or selected in large
patches, the sites must be at least 150 m apart.

Time and conditions: Surveys should begin no earlier than 30 minutes after
local sunsise and should extend no laier than 3PM local time. Surveys
should not be conducted in rain or in conditions where temperatue is
below 40 degrees or the wing velocity is greater than 15 mph.

Suruey method: Surveys will be by a modified circular ptot method. The
surveyor will establish 4 suitable survey site which matches proper criteria
ag indicated on the reverse of this data sheet. Surveyor will sit quielly at a
spot at teast 45 m from the edge of the selected patch. The surveyor will
make note of all GCWAs and BHCOs either seen or heard for the next 20
minutes. In the case of visual sightings, distance classes will be
estimated as in the Emien method. Use 10 m distance classes. For
example, if a GOWA is seen af an estimated distance of 23 m, then this
warbler wili be assigned to the 28 - 29 m class. See other side of this
form.

If ime allows, other bird species seen of heard during the 20 minute
survey period should be noled.

Survey strategy: As far as practical, equal humbers of sites should be selected
in various size paiches. The point of the investigation is o determine the
relationship between patch size and occurrence of warblers in the paich.
To do the analysis, equal area for each patch size should be surveyed.
For example, it we survey five 3 ha patches, then we should survey five
sites within 50 ha patches. Field effort will be coordinated on a weekly
basls to assure field observers are achieving this equality.
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