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ABSTRACT

Many techniques have been used to index or estimate abundance, density, and
trends of Rio Granelwild turkey (Meleagris gdopavointermedig populations.Though
traditional indexbased monitoring techniques can indicate trends in wild turkey
populations, they were not designed with the sensitivity necessary to detect anything but
drastic changesRecent research on linafrsectbased distance sampling from roads has
indicated roaebased surveys may provide an efficient, effective, and inexpensive
technique for monitoring wild turkey populations on an ecoregion s€ale.goal was to
evaluate the applicability of roduhsel distance sampling in the Cross Timbers, Edwards
Plateau, Rolling Plains, and South Texas ecoregions of Texas. Our research objectives
were to: (1)quantify the association of male and female Rio Grande wild tathayads
according to ecoregigiseasn, andtime of day andexamine potential biases associated
with using roads as transects for distance sampl#)gonduct roadased surveys in
each ecoregion to determine wild turkey flock encounter rates and the amount of survey
effort required to olatin adequate sample sizes for rdded distance samplirand(3)
conduct field simulation surveys using inflatable wild turkey decoys to determine flock
detection probabilities and evaluddéetors affectingvild turkey flock detectability.

We found tat Rio Grande wild turkey populations are randomly distributed
around roads from 1 Decemb&b Marchin most areas Our results suggested that road
based surveys conducted during tipatriod will produce generally unbiased results. We
conducted roatbase surveys in 4 ecoregions of Texas from 1 Decemberi2@7
March 2008.Encounter rates of wild turkey flocks obtained fromadbased surveys
varied from 0.1 (0.00.6; 95% CI) to 2.2 (018.0) flocks/100 km surveyed. Encounter

vii
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rates from surveyestriced toriparian communities varied from 0.2 (00Q.6; 95% CI)

to 2.9 (1.56.7) flocks/100 km surveyedFlock detection probabilities obtained from

field simulations ranged from 22.5% (1623.8%; 95% CI) to 25.0% (13.89.6%).

Flock detection probabiliteewere lower than expected in each ecoregion, which resulted
in low encounter ratesEstimated survey effort required to obtain adequatekasizes

for distance samplinganged from 2,765 km (2,582,956 km; 95% ClI) in the Edwards
Plateau to 37,500 kn338,333 42,857 km) in South Texas. When rdzaked surveys

were restricted to riparian communities, estimated survey effort ranged from 2,222 km
(2,092 2,370 km; 95% ClI) in the Edwards Plateau to 22,222 km (1928349 km) in
South TexasOur modeling #orts suggested that distance to the flock and vegetative
cover combined pladimportant roles in wild turkey flock detectability. Frequent rains
during the 2007 growing season created dense understory vegetation that made flock
detectability difficultin every ecoregiorOur results indicatkthat too much survey

effort wasrequired to make roathased survesja feasible technique for monitoring wild
turkey populations in most ecoregions of Texdewever, when surveys were restricted

t o ar e a snaQer okstnear,rthe technique was feasible for monitoring wild

turkey populations in the Edwards Plateau and Rolling Plains ecoregions.

viii
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CHAPTER |

INTRODUCTION

The wild turkey Meleagris gallopavponce ranged across North America from
Ontario, Canada to southern Mexico and from the Rocky Mountains east to the Atlantic
coast (Schorger 1966). This gallinaceous game bird is represented bylispecies
throughout North America. These subspecies include the eastern wild tvrkgy (
silvestrig, Rio Grande wild turkeyM. g. intermedia , Merri amdwgwild tur
merriami), Florida wild turkey . g. Osceola , and Goul dMbégs wi | d turKk
Mexicang (Kennamer et al. 1992). Unfortunately, knowledge concerning Rio Grande
wild turkey (RGWT) populations has not kept pace with that of other wild turkey
subspecies (Peterson 1998).
RGWTshistorically ranged throughout tlseuthcentral plainstates and
northern Mexico (Beasom and Wilson 1992). Prior to European settlement, the estimated
RGWT population size was 1i.2.0 million birds (Schorger 1966). Throughout North
America, European settlement and civilization led to decreases in abundaviice
turkeys. Unregulated hunting and habitat destruction during the late 1800s to early 1900s
led to extirpation of the ®WT from much of its historical range (Schorger 1966,
Beasom and Wilson 1992). By 19285R/T abundance in Texas was approximatel
96,000 (Texas Game, Fish, and Oyster Commission [TGFOC] 1929:91, TGFOC
1945:1533).
Fortunately, habitat regeneration and lasgale restocking efforts have restored
wild turkey populations acrossuch ofthe United States. The TGFOC began restocking

1
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RGWTsas early as 1938nd ty 1991, 22,968 wild turkeys had been released on 750
different sites in Texas (Beasom and Wilson 1992). Most restocking efforts have been
successful, leading to a widespread expansion of wild turkey20®&4 wildlife

manages suggested thereereapproximately 585@0 RGWTsin Texas Tapley et al.
2007).

Few studies have focused on developing rigorous techniques for estimating
abundance, density, and trends of wild turkey populations because they have been on the
rebound fomost of the 28 century (Butler 2006). However, wildlife managers in Texas
are now concerned that wild turkey populations have begun to decline across much of the
state (Brunjes 2005). Fewer observations during gartcounts and fewer winter roost
sites have suggested populations are declining in the Texas Panhandle (Brunjes 2005).
Data from Texas Parks and Wildlife Department (TPWijual herpoult countshow
a slight decrease in poults/hen for the southern rolling plains ecoregion (TPWD
unpublisted data). Brunjes (2005) conducted a study to project population dynamics on
3 study sites in the Texas Panhandle @mel study site iSouthwestern Kansas. His
results predictedraincreasng populationatone site, a stable population at one site,and
decreasig population at 2 other sites.

Concerns of diminishing populationausedl PWD biologists to conduct
frequent wild turkey population surveys. These surveys included winter roost counts,
henpoult counts, gobble counts, and harvest surveysk(B201). One problem with
these survey techniques was a lack of power to detect trends in population change
(Schwertner et al. 2003, Butler 2006, Butler et al. 2D0Bchwertner et al. (2003) found
that poulthen counts had very low power (<0.50) tdedt long term changes of <20%.

2
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Poulthen counts conducted by TPWD have little value for detecting long term changes
in recruitment (Schwertner et al. 2003, Butler et al.720Because they are index
basedechniquestheydo not estimate actual poptilen abundanceAnderson 2001,

Burk 2001 ,Butler et al. 2006 The techniques usgalsohave no verification that they
are related to turkey population size. Pdndh counts can detect changes in reppctdn
and recruitment, however this index may reate to abundance or density (Butler et al.
2007). Roost counts can be useful for estimating abundance at astatalhowever,

the amount of effort require@duces feasibilitpn ecoregiorscales Other survey
techniquege.qg., aerial surveys, maresight)are often prohibitively expensive
(DeYoung and Priebe 1987, Butler 2006, Butler et al. Bpaid therefore cannot be
usedon a large scale.

Distance sampling is a group of related methods that is widely used to estimate
the density of wildlié populations. The 2 primary methods of distance sampling are line
transects and point counts (Buckland et al. 2001). In line trabaset distance
sampling, the observer travels along a line and records the distance from the line to each
animal or clster of animals detected (Buckland et al. 200d)point counts, the
observer records all objects deteched their distancesom a fixed point. One
disadvantage dhis techniques that the object isftendisturbed or flushed away before
the obsergr approaches the survey point. Also, more time is spent traveling to the
survey point and less time is spent surveying (Bibby et al. 2000, Buckland et al. 2001).
Both methods have been used with great success in many different habitats and with

many diferent species (Bibby et al. 2000).
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Distance sampling is popular because it eliminates many problems associated
with indices such as potiiien counts or roost counts (Rosenstock et al. 2002
distance sampling method corrects for detectability byasddeling a detection function
that relates detectability with distance. Index counts do not incorporate a detection
function (Anderson 2001) The basic idea underlying the detection function is that the
probability of detecting an animal decreases witlieasing distance (Burnham et al.
1980 Buckland et al. 2001 Distance however, is not the only factor that affects
detectability. Detectability can also be affected dyloration, size, movement, grouping
size and behaviorna environmental factorsuch as vegetation, wind, sunlight, and
precipitation (Burnham et al. 1980, Bibby et al. 2080¢derson 2001Buckland et al.
2001). Themodels used to estimate the detection functomever are typically robust
to those variations in detection probeyp (Burnham et al. 1980). This presents
managers and researchers with a technique that is practical, accurate, -gfie cidgt
for estimating animal densityi F ohjectsdistributed sparselsicrosdarge geographic
areasthereare often n@wompeing methoad (Buckland et al. 200}.0

Since wildlife biologists and researchers are concettmegtavild turkey
populationsmay bedeclining, it is important that managers have accurate and precise
techniques for examiningopulation trends. It is alsmportant to lave accurate trend
datato gauge the effectiveness of management activities (Lancia et al. ZR®&d.
based distance sampling is dficient and coseffectivetechnique that alleviates some
of the problems associated with indices (e.g.pants for incomplete detectabilitygnd
it maybe effectivéy applied to ecoregiescale monitoring progranier wild turkey
populationgButler 2006 Butler et al. 200a).

4
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The goal of this research effort was to evaluate a population density estimation
technique based on distance sampling from roads in Texas. We evaluated line transect
based distance sampling foGRVT populations in 4 ecological regions of Texts
southen portion of the Rolling Plains, the Cre$snbers, the Edwards Plateau, and
Souh TexaqGould 1962. Our objectives were to: (1) quantify the association of male
and female Rio Grande wild turketo roadsaccording to ecoregioiseasonandtime of
day;andexamine potential biases associated with using roads as transectsafoedist
sampling (2) determine encounter rates of wild turkeys during foaskd surveys
each ecoregioanddeterminghe amount of survey effort (i,&km of roads) required to
obtain adequate saole sizes for distance samplirayd(3) conduct distanceampling
field simulation surveys using inflatable turkey decoys to determine flock detactibn
evaluatdactors affectinglock detectability.

Chapter Il examines the association of Rio Grande wild turkeys to roads in the
Edwards Plateau, Rolling Plajrend South Texas ecoregions of Texas. We conducted
habitat use and availability analys#sadiomarked birddy ecoregion, sex, season, and
time of day (morning or afternoon), to determine when wild turkey populations are
distributed randomly acrossdtandscape in relation to roads. We then used that
information to determine if and when rebdsed surveys would produce unbiased results
in each ecoregion.

Chapter llidescribeshe methodologynd results obtained frooseof road
based distance sampdj surveys to determine wild turkey flock encounter rates in 4
ecoregions of Texas. Chapter Il ablsxplainsuse of field simulation surveys for
determining flock detection probabilities, and for evaluating the effects of distance to a

5
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flock, flock size,and vegetative cover on flock detectability. Chapters Il and Il are

formatted for submission tbhe Journal of Wildlife Managemeaud include cauthors

that made substantial contributions to the research. Authorship is as follows:

Chapter Il. DevirR. Erxleben, Matthew J. Butler, Warren B. Ballard, Mark C. Wallace,
Markus J. Peterson, Nova J. Silvy, William P. Kuvlesky Jr., David G. Hewitt,
Stephen J. DeMaso, Jason B. Hardin, and Megan K. Domisigyaed

Chapter Ill. Devin R. Erxleben, Matthew Juter, Warren B. Ballard, Mark C. Wallace,

and Jason B. Hardin
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CHAPTER Il
RIO GRANDE WILD TURKEY HABITAT USE

AROUND ROADS IN TEXAS

Abstract

Roadbased distance sampling is@mmon technique used to estimate the density
of many wildlife species but potential biases exist unless the target population is
randomly distributed around roads. Our objective was to determine if and when Rio
Grande wild turkeysMeleagris gallopavo irmediga RGWT) were randomly
distributed around roads to identify time periods in which Heasked surveys would be
most appropriate. We used triangulated locations obtained from radiotelemetry in
RGWT studies inthe Edwards Plateau (20(003), Rolling Fains (20002006), and
South Texas (2002006) ecoregions. Using a geographic information system (GIS), we
conducted use and availability anaydy sex, season, and time of day for each
ecoregion to determine wild turkey use of areas near roads (<200/emjound the most
appropriate time to conduct rehdsed distance sampling was from 1 Deceirider
March. Our results suggested rdzambed surveys conducted during these periods should

yield generally unbiased results in the Rolling Plains and Edwéatesal ecoregions.

Introduction
Distance sampling from roadsascommon technique for surveys of aveaecies
such as mountain quaiD(eortyx pictu¥, redlegged partridgeAlectoris rufg, wild
turkeys Meleagris gallopav) andredtailed hawkgButeo jamaicensisjBrennan and
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Block 1986,DeYoung and Priebe 1987, Millsap and LeFranc 1888ralho et al. 1996
Butler et al. 200y, Unlike many of the traditional indelxased techniques, ro&dsed
distance sampling is an effective and efficient tealmaifpr monitoring populations
across large ecoregion scales (Butler et al. 2007). Howevachieve reliablestimates
of population density from lirransedtbasedlistance sampling, several assumptions
must be met. These assumptions include (Brathals on the transect are observed, (2)
animals are not frightened away from or attracted to the transect before being detected,
(3) distance and angle measurements are accurate, (4) the distribution of animals is not
influenced by the transect, (5) ardls are not counted twice during a survey, and (6)
sighting events are independent (Burnham.et380, Verner 1985, Thompson et
al.1998, Bibby eal. 2000, Buckland et al. 20p1

One critical assumption, the distribution of animals is not influencetdy t
transect, may be violated if the transect is a road (Buckland et al. 2001). The attraction of
animals to transesbiaseesdensity esiates high, and avoidancetodnsecs biases
estimates low (Verner 1985, Thompson et al. 1998, Buckland et al. ZDODbptain
reliabledensity estimates, researchers sugghtbiattransects shad not be positioned
on roadaunless the target populationrendomlydistributed across the landscape in
relation to roads (Burnham et al. 1980, Buckland et al. 2BGderet al. 2007.

DeYoung and Priebe (1987) compared inventory methodRitoGrandewild

turkeys(M. g. intermedia RGWT) in South Texas and suggestadlesusedroadsas
dispay sites during the breeding season. Thus, conductingoaset distance sguing
during the breeding season would likely bias density estimates high. Based on the
reproductive phenology of RGWTs in the Texas Rolling Plains (Gould 1962) and

11
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southwestern Kansas, nest initiation occurred from 1 Apduly with a peak during 13
Aprili 26 April (Hall 2005). In the Edwards Plateau, nest initiation occurred from 2
AprilT 2 July (Melton 2007). Conducting roddsed distance sampling during nesting
would likely bias density estimates low because a portion of the population would be
unawailable for detection.

Butler et al. (2005) examined the relationshiR&@WT distributions to roads in
the southern Gre#tlainsduring 20002003. Theyound area<100 m from roads @&re
used in proportion to availability lRGWTsduring autumrmidday ail wintermorning
Their results suggested that surveys conduitédde southern Great Plaidsring these 2
periods would generallye unbiased.In northcentral Arizona, Rogers et al. (1999)
studi ed mal e Mamerriamjissibution aokne rpadg and found
turkeys avoided habitat <200 m from roads. However, research on eastern wild turkeys
(M. g. silvestrig in Virginia suggested turkeys used areas <150 m from roads in
proportion to availability and areas >450 m from roads more thaeceéed (McDougal et
al. 1990).

Our objective was to identify the appropriate seasons and time periods to conduct
roadbased surveys for RGWTs. We quantified the association of RGWTs to roads
according to ecoregion, sex, season, and time of day (mornafgeoroon). We
examined the potential biases involved with sampling from roads and determined when
roadbased surveys would produce unbiased results based on wild turkey distributions.
This information is needed to develop a survey protocol for an ai@huof roadbased

distance sampling of RGWTs in Texas.
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Study Area

We gathered triangulated locations of Rio Grande wild turkeys derived from radio
telemetry used in recent research at Texas A&M University, and Texas A&M
Universityl Kingsville, and Texa3ech University. Telemetry locations were collected
from March 2001August 2003 on 4 study sites in the Edwards Plateau. These sites were
located on private ranches in Kerr, Real, Bandera, and Medina counties. The vegetation
and topography for each sit@as characteristic of the Edwards plateau region (Collier et
al. 200%a). All 4 sites were a combination of brushland and open woodland dominated
by live oak Quercus virginianaand Ashe juniperJuniperus ashgi(Collier et al.
2007a).

Telemetry locatias were collected from January 208arch2006 on 3 study
sites in the Texas Rolling Plains. These study sites egreredn the Gene Howe
Wildlife Management Area (WMA) in Hemphill County; the Matador WMA in Cottle
County; and private ranches surroungdthe Salt Fork of the Red River in eastern Donley
and western Collingsworth counties. Vegetation in the riparian areas of these sites was
dominated by cottonwoodPppulus deltoids hackberry Celtis occidentaliy and elms
(Ulmusspp) but vegetationn the upland areas was dominated by honey mesquite
(Prosopis glandulosg sand sagebrusiAitemisia filifolia), redberry juniperJuniperus
pinchotii), and sand plunPrunus angustifolip(Spears 2002, Spears et al. 2002, Butler
et al. 2005, Holdstock eil. 2006).

Telemetry locations were collected from November 2008e 2006 on 3 study
sites in South TexasThese study sites were locatedpivate landsn Kenedy, Brooks,
and Kleberg Coumgs. The vegetation from these study sites consisted ofaiqaairie,
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oak Quercusspp) woodland, mesquitdPfosopisspp) brushland, and thorn scrub

(Collier et al. 2008).

Methods

We captured RGWTSs using rocket nets, drop nets, andiwalaps (Glazener et
al. 1964, Bailey et al. 1980, Davis 1994, Peterstoad. 2003). We outfitted 285 wild
turkeys in the Edwards Plateau, 1,207 wild turkeys in the Rolling Plaind,7drvdld
turkeys in South Texas with G mortalitysensitive, backpaegtyle radiotransmitters
(Advanced Telemetry Systems, Isanti, MNYe triangulated locations b times per
week using nutpeak receiver systems with a trutlounted 4element Yagi antenna or a
handheld 3lement Yagi antenna (Holdstock et al. 2006, Collier &tG)7a, Hall et al.
2007). Telemetry bearings were impadténto Location of a Signal (LOAS, Ecological
Software Solutions, Sacramento California) software to generate turkey locations and
related error polygons (Swearingin 200YYe removed any locations with error
polygons >0.16 km? to be certain that the tmoes we analyzed were either near (<200
m) or far £200 m) from roads. We categorized telemetry locations by ecoregion
(Edwards Plateau, Rolling Plains, South Texas; Gould 1962), sex, season (winter = 1
Ded 15 Mar, nesting = 16 Mal5 Aug, and autumn =61Augi 30 Nov) and time period
(morning = first half of daylight hours, afternoon = last half of daylight hours).

We displayed telemetry locations along with county roads and Farm to Market
(FM) highways, obtained from Texas Department of TransportatiR@I), in a
geographic information system (GIS) wusing
study sites did not contain county roads or FM highways, so we used paved and caliche
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ranch roads instead. These roads were either surveyed or digitized frormagéxy
(2004National Agiculture Imagery Program, U.S. Department of Agriculture) by private
ranch staff or Texas Tech University personnel. State and federal highways were
excluded from analysis due to their lack of feasibility for distance samploapbe of
traffic vol ume. Using Hawthds Analysis to
convex polygon (MCP) around all locations from each study population to determine the
available habitat (i.e., the landscape that is available for use to the popuddteach
study site. In the Rolling Plains ecoregion, we created 3 MCPs (Gene Howe, Salt Fork,
and Matador), in the Edwards Plateau we created 2 MCPsReairand Bandera), and
in South Texas we created 3 MCPs (Kleberg, Brooks, and Kenedy) (Fig VZithin
each MCP, we created a 260buffer on each side of roads to represent available habitat
near roads. A 20t buffer was used because previous research indicated that turkey
flock detection is unlikely at distance200 m from roads (Butler et.&007). Using the
MCP and road buffers at each study site, we were able to determine the total available
habitat and the percent of available habitat near roads. We determined the percent of
locations within 200 m of roads (e.g., percent use near rodds)then obtained 95%
binomial confidence intervals (Conover 1999) to determine if RGWTs used road buffer
areas more, less, or in proportion to availability.

We conducted a priori power analysesa 2sided exact binomial tegAppendix
A) using PROPOWER in SAS 9.B (SAS Institute, Cary, NC)We determined the
number of RGWT locations needed to detect a 10% difference in observed and expected

habitat use rateachstudy8iteTBeOnunpberwfdocations needed was
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different at each stydsite because the amount of available habitat within 200 m of roads

(i.e., the null proportion) differed by study site.

Results

We obtained 4,980 (female = 3,571, male = 1,409) RGWT locations from the
Edwards plateau,2,587 (female = 7,953, male = 44§3ocations from the Rolling
Plains, and 1,827 female locations from South Texas (data were inadequate to analyze
male wild turkey locations fdBouth Texastudy sites). The amount of available habitat
at each study site ranged from 143.1 to 1,354.1(Ka3le 2.1). The density of county
roads and FM highways at each study site ranged fromil&20 m/km?; and the
percent of available habitat within 200 m of roads at each study site ranged from 5.8 to
22.5% (Table 2.1). To detect a 10% differencebiserved and expected habitat use with
00.80 power, 62 RGWT | deahand48 lnctiongevere needed
needed at Bandera. Foffiye locations were needed at Gene Howe and 33 locations
were needed at Salt Fork and Matador. One hundreesildgeations were needed at
Brooks, 81 were needed at Kleberg, and 56 were needed at Kenedy (Appendix A).

In the Edwards Plateau, RGWTs used areas near roads (<200 m) in proportion to
availability during most seasons and time periods. However, at thdRi€al study site,
female RGWTs used areas near roads less than expected during winter mornings (Table
2.2). At the Bandera study site, female RGWTs used areas near roads more than
expected during the nesting morning and afternoon periods, but our sareglevere too
small to adequately determine habitat use near roads during autumn and winter (Table
2.2).
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In the Rolling Plains, wild turkey habitat use around roads varied among study
sites. At the Gene Howe, RGWTs used areas near roads more thancekpeuist
seasons and time periods. However, females used areas near roads in proportion to
availability during winter mornings and males used areas near roads in proportion to
availability during the winter morning and afternoon periods (Table 2.3)heAt
Matador, RGWTSs used areas near roads more than expected during all seasons and time
periods (Table 2.3). At the Salt Fork, RGWTSs used areas near roads less than expected
except during autumn mornings and afternoons and winter afternoons. During those

periods, females used areas near roads in proportion to availability (Table 2.3).

Discussion

Our analyses identified seasons and time periods during which RGWTSs used
areas near roads in proportion to availability in the 3 ecoregions where most RGWTs in
Texas occur. However, our results varied among ecoregions and even study sites within
each ecoregion.

We had insufficient data to definitely determine why habitat use around roads
differed among study sites. It is likely, however, that human disturtzartt&and use
patterns affected RGWT distributions around roads (e.g., Wright and Speake 1975,
McDougal et al. 1990). In the Rolling Plains, RGWTSs used areas near roads more than
expected at the Gene Howe and Matador, but less than expected at thekSdlalbler
2.3). The Gene Howe and Matador study sites were on lirateess Wildlife
Management Areas operated by Texas Parks and Wildlife and Department, while the Salt
Fork was located on privately owned ranches. Though the Salt Fork had a girbitar
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road density to the Matador and Gene Howe (Table 2.1), it is likely the Salt Fork had

more human disturbance than those study sites on the hactsss, state managed

lands. It is difficult to make comparisons across ecoregions because we werktbmite
smaller sample sizes in the Edwards Plateau and South Texas; and those study sites were
located on private land (Collier et @007a). However in South Texas, many of the

roads at Brooks, Kenedy, and Kleberg are limaedess. At those study sit€GWTs

did not appear to avoid roads during most periods (Table 2.4).

Our results are consistent with data obtained for eastern wild turkeys. In
Kentucky, Wright and Speake (1975) found that wild turkeys avoided areas with higher
human activity. Addibnally, McDougal et al. (1990) found that radimarked wild
turkeys in Virginia avoided areas near roads where traffic rates were >70 vehicles/hr.
Unfortunately, we did not have traffic volume data from our study sites to conduct a
similar analysis.

Another factor that might influence RGWT distributions is road baiting. Baiting
roads with milo $orghunspp) and cornZea mayshas become common in Texas
during certain periods of the year to facilitate game harvest. In South Texas, baiting
roads for nahern bobwhite €olinus virginianu¥ has become popular not only to
facilitate harvest, but also to provide nutrition during winter stress periods (Haines et al.
2004). In South Texas, RGWTs used areas near roads more than expected at those study
sites n which we could determine habitat use. Additional research on the effects of road
baiting, human disturbance, and vehicle traffic volume on RGWT distributions around
roads is needed to further our understanding of when it is appropriate to ubasedd
distance sampling to estimate RGWT density in Texas.
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Management Implications

Our analyses suggested that Rio Grande wild turkeys use areas near roads in
proportion to availability in the Edwards Plateau and Rolling Plains during certain time
periods (Tal@s 2.22.3). In those ecoregions, the most appropriate time to conduet road
based surveys is from 1 Decemnildgs March during morning or afternoon. Surveys
conducted during other times may produce biased estimates. For example, conducting
surveys in thé&Rolling Plains from 16 AugusB0 November would produce inflated
population estimates because both sexes used areas near roads more than expected during
those periods (Table 2.3).

The results from our analyses should act as a guide for determiningavhen t
conduct roaebased surveys for wild turkeys. However, other factors such as flocking
behavior and vegetative cover also should be considered. For example, vegetative cover
may affect flock detectability, so knowledge of annual leaf fall dates woubelpéul in

designing survey protocols.
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Figure 2.1. Map of Texas denoting minimum convex polygons used to determine
available habitat for Rio Grande wild turkeys in the Edw&idseau, Rolling Plains, and

South Texas ecoregions; obtained from radiotelemetry data collected durin@060
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Table2.1. Summary of available habitat and road density in the Edwards Plateau,

Rolling Plains,and South Texas ecoregions of Texas, 28006.

Habitat

Road

Ecoregion Studysite Available (km2} Nearroads (%) density(m/km2yf
Rolling Plains Gene Howe 1,228.8 8.0 230.7
Salt Fork 984.5 10.7 315.1
Matador 583.4 10.7 311.0
Edwards Plateau Kerr-Real 1,354.1 5.8 159.0
Bandera 143.1 11.2 3154
South Texas Kleberg 623.3 15.6 429.8
Brooks 169.6 22.5 632.7
Kenedy 464.0 12.5 340.0

% Available habitat inside each minimum convex poly(dicP).
® Percent of available habitat with2®0 m of roads inside eathCP.

¢ Density of Farm to Market highways and county roads inside M&i?
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Table 2.2 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex,

season, antime period inthe Edwards Plateau ecoregion okdag, 20012003

Estimated 95% ClI

Site Sex Season Period n° Lower p Upper Usé
Kerr-Real female autumn afternoon 315 57 86 122 o]
morning 511 35 5.3 7.6 0

nesting afternoon 544 36 5.3 7.6 o]
morning 1,472 4.2 5.3 6.6 o]

winter afternoon 112 31 7.1 136 o

morning 344 10 23 4.5 -
male autumn afternoon 117 48 94 16.2 o
morning 156 2.7 5.8 10.7 o]

nesting afternoon 191 37 6.8 114 o]
morning 495 43 6.3 8.8 o]

winter afternoon 101 16 50 11.2 o

morning 115 14 4.4 9.9 o]
Bandera female autumn afternoon 23 1.1 8.7 280 *
morning 25 10 8.0 26.0 *

nesting afterroon 120 13.3 20.0 28.3 +
morning 76 125 211 31.9 +
winter afternoon 19 9.2 26.3 51.2 *

morning 9 0.3 11.1 483 *
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Estimated 95% Cl

Site Sex Season Period n° Lower p Upper Usé
male autumn afternoon 18 14 111 347 *
morning 28 13.2 28.6 48.7 *
nesting afternoon 94 52 10.6 187 o]
morning 49 34 102 222 o]
winter afternoon 30 56 16.7 347 *
morning 15 7.8 26.7 551 *

& 95% binomial confidence intervats the percent of locationg) within areas <200 m

from roads.

 Number of Rio Grande wild turkey locations.

¢ Symbols indicate areas <200 m from roads were used more (+),) Jessirg

proportion to availability (o) The asterisk (*) indicates the sample size was too small to

determine habitat use near roads. At Keeal, 5.8% of available habitat was near roads.

At Bandera, 11.2% of available habitat was near roads.

28



Texas Tech University, Devin R. Erxleben,deenber 2008

Table 2.3 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex,

season, antime period inthe Rolling Plains ecoregion dkxas, 20002006.

Estimated 95% ClI

Site Sex Season Period n°  Lower p Upper Usé€

Gene Howe female  autumn afternoon 207 19.8 25,6 321 +
morning 270 10.2 14.1 18.8 +

nesting afternoon 1,374 19.2 21.3 236 +

morning 1,250 20.0 222 247 +

winter  afternoon 194 10.7 155 21.3 +

morning 133 7.6 12.8 19.7 o]

male autumn  afternoon 162 18.8 25.3 327 +

morning 217 11.1 157 21.2 +

nesting afternoon 900 24.3 27.2 30.3 +

morning 745 32.0 354 39.0 +

winter  afternoon 136 6.9 11.8 184 0

morning 87 65 126 215 0

Matador female autumn afternoon 157 36.7 446  52.7 +
morning 114 43.1 526 62.1 +

nesting afternoon 625 48.6 526 56.6 +

morning 701 414 45.1 489 +

winter afternoon 194 45.8 53.1 60.3 +

morning 169 53.8 615 68.9 +
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Table 2.3 Continued.

Estimated 95% ClI

Site Sex Season Period n®  Lower p Upper Usé
male autumn  afternoon 38 26.3 42.1 59.2 +
morning 55 254 38.2 523 +

nesting afternoon 533 30.3 343 385 +

morning 440 314 359 406 +

winter afternoon 60 21.7 33.3 46.7 +

morning 57 184 29.8 434 +

Salt Fork female autumn afternoon 227 4.1 7.1 112 o]
morning 132 59 106 17.2 o]

nesting afternoon 949 5.1 6.5 8.3 -

morning 1,066 6.4 8.0 9.8 -

winter afternoon 85 1.9 59 13.2 0

morning 94 0.7 3.2 9.0 -
male autumn  afternoon 122 1.3 4.1 9.3 -
morning 76 0.3 2.6 9.2 -

nesting afternoon 398 3.3 5.3 8.0 -
morning 499 2.6 4.2 6.4 -
winter  afternoon 50 0.0 0.0 5.0 -

morning 50 0.1 20 10.7 -

& 95% binomial confidence intervatg the percent of locationg) within areas <200 m
from roads.
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® Number of Rio Grande wild turkey locations.

¢ Symbols indicate areas <200 m from roadsewsed more (+), lesg,(or in
proportion to availability (o) At Gene Howe, 8% of available habitat was near roads. At
Matador, 10.7% of available habitat was near roads. At Salt Fork, 10.7% of available

habitat was near roads.
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Table 2.4 Rio Grande wild turkey use of habitat within 200 m of roads by site, sex,

season, antime period inthe South Texas ecoregion of Texas, 2A®G

Estimated 95% ClI

Site Sex Season Period n Lower p  Upper Usé

Brooks  female autumn  afternoon 105 82 143 225 *
morning 30 7.7 200 386 *

nesting  afternoon 102 124 196 28.7 *

morning 80 150 238 346 *

winter afternoon 12 21 16.7 484 *

morning 28 23 107 282 *

Kleberg female autumn  afternoon 22 172 364 593 *
morning 44 304 455 612 *

nesting  afternoon 224 311 375 442 +

morning 438 37.1 418 466 +

winter afternoon 116 440 535 628 +

morning 154 36.2 442 524 +

Kenedy female autumn  afternoon 5 0.0 0.0 451 *
morning 14 128 357 649 *

nesting  afternoon 220 137 186 244 +

morning 217 235 295 360 +

winter afternoon 7 3.7 286 710 *

morning 4 0.0 0.0 527 *

32



Texas Tech University, Devin R. Erxleben,deenber 2008

4 95% binomial confidence intervadd the percent of locationg) within areas <200 m
from roads.

® Number of Rio Grande wild turkeydations.

¢ Symbols indicate areas <200 m from roads were used more (+),))emsi
proportion to availability (o) The asterisk (*) indicates the sample size was too small to
determine habitat use near roads. At Brooks, 22.5% of available vedstaiear roads.
At Kleberg, 15.6% of available habitat was near roads. At Kenedy, 12.5% of available

habitat was near roads.
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CHAPTER Il
ENCOUNTER RATES FROM ROABBASED SURVEYS

OF RIO GRANDE WILD TURKEYS IN TEXAS

Abstract

Research on lintansedtbaseddistance sampling, has indicated rdm$ed
surveys may be an efficient and ceffiective technique for monitoring wild turkey
(Meleagris gallopavppopulations on an ecoregion level. Our goal was to evaluate the
applicability of roadbased distanceampling in the Cross Timbers, Edwards Plateau,
Rolling Plains, and South Texas ecoregions of Texas. We conducteblasedi surveys
in each ecoregioduring 2007 2008to estimate Rio Grande wild turkeM (g.
intermedig flock encounter rates and to detéme the amount of survey effort (i.e., km
of roads) needed to obtain adequate sample sizes for distance sampling in each ecoregion.
Using simulation datbased on inflatable turkey decoyge evaluated the effects of
distance to a flock, flock size, andgetative cover on turkey flock detectability.
Encounter rates of wild turkey flockétined from roadased surveygariedfrom 0.1
(0.Gi 0.6; 95% CI) to 2.2 (018.0) flocks/100 km surveyed=ncouner rates from
surveysestricted taiparian communies varied from 0.2 (0iD.6; 95% CI) to 2.9 (115
6.7) flocks/100 km surveyedFlock detection probabilities obtained from field
simulations ranged from 22.5% (1629.8%; 95% CI) to 25.0% (13.89.6%). Flock
detection probabilities were lower than exjeelcin all 4 ecoregions, which resulted in
low encounter rates Estimated survey efforequiredto obtain adequate sample sizes
for distance samplintganged fronR,765 km (2,5972,956 km; 95% CI) in the Edwards
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Plateau to 37,500 km (33,338,857 km) m South TexasWhen roaebased surveys
were restricted to riparian communities, estimated survey effioged from 222km
(2,092 2,370km; 95% Cl)in the Edwards Plateau #2,222km (19,784 25,349km) in
South Texas. We found that distance to thekfland vegetative cover both péal
important roles in wild turkey flock detectabilitYDur results indicatéthat too much
survey effortwasrequired to make roatdased survesa feasible technique for
monitoring wild turkey populations in most ecoregiofd exas. However, when
surveyswerer e st r i ¢t e d framoa rier oesiresam,@he tedhmigwas feasible
for monitoring wild turkey populations in the Edwards Plateau and Rolling Plains

ecoregions

Introduction

Wild turkey (Meleagris gallopavppopulations have beeéncreasingor most of
the 20" century and therefore, few studies have focused on developing rigorous
techniques for estimating abundance, density, and trends in population size (Butler 20086,
Butler et al. 200&). Recently, howewvebiologists in Texas have become concerned that
Rio Grande wild turkeyNl. g. intermedia RGWT) populations have begun to decline
across much of the state (Brunjes 2005). Texas Parks and Wildlife Department (TPWD)
personnel have conducted hgoult cownts Schwertne2003, Butler et al. 20®/
Appendix B), winter roost counts (Butler et al. 2006, Thomas et al. 1966), and harvest
surveys (Cook 1973p monitor population trengdsowever these indesbased
techniques lack power to detect anything buttdrafianges in populations (Butler et al.
2007a). An evaluation of brood count data collected by TPWD in 5 ecoregions of Texas,
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indicated that brood counts had <0.50 power to detect long term changes of <0.20%
(Schwertner et al. 2003). Podlén counts &éve the ability to index reproduction and
recruitment on localized levels, but they do not estimate actual population abundance
(Butler et al. 200[@). Winter roost counts have the ability to estimate abundance on a
localized level (Butler et al. 2006), tlar too much effort would be needed to make it a
useful technique for monitoring populations on an ecoregion level.

Roadbased distance samplirgga common technique thas been used for
surveys of aviaspecies such as mountain quél¢ortyx picts), redlegged partridge
(Alectoris rufg, wild turkeys,andred-tailed hawkgButeo jamaicensigBrennan and
Block 1986,DeYoung and Priebe 1987, Millsap and LeFranc 1888ralho et al. 1996
Butler et al. 200&). Distance sampling is popular becatisaleviates problems
associated with indices such as incomplete detectalitgerson 2001Rosenstoclet
al. 2002, Butler 2006 Butler et al. (2008) evaluated distance sampling as a method to
survey RGWTs in the Texas Rolling Plains and foundrbedbased surveys can
provide sufficient power (00.80) to detect
8 to 12 year perigdnore drastic changes can be detected in shorter peridat study
suggested that rodehsed distance sampling may bieetive for monitoring wild turkey
populations on ecoregion scales at a lower cost than other methods (e.g., aeria) survey
mark-resigh) (Butler 2006, Butler et al. 20@Y.

To obtainreliabledensity estimates, researchers sugghbtttransects shdd
not be positioned on roadsless the target populatierasrandomlydistributed across
the landscape in relation to roads (Burnham et al. 1980, Buckland et alB2Ql@t et al.
2005. The attraction of animals to transebtasesdensity esiates lgh, and avoidance
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of transect biase®stimates low (Verner 1985, Thompson et al. 1998, Buckland et al.

2001). Butler et al. (2005¢xamined the relationship BIGWT distributions to roads in

the Southern Gredlainsduring 20002003, andound area<100 m from roads @re

used n proportion to availabilityluring autumeanidday and wintemorning We

conducted similar analyses (Chapter II) for the Edwards Plateau, Rolling Plains and

South Texas, and found that RGW&sded to use areas <200 m from roads

proportions to availability duringy Decembérl5 March. Thoseresults suggested that

roadbased surveys conducted during that period should yield generally unbiased results.
We evaluated the use of rehdsed surveys for RGWTs in the Cross Timbers,

Edwards Plateau, theouthern portion of the Rolling Plai(isereatfter, Rolling Plains),

and the South Texas ecoregions of Texas (Gould 1962). Our goal was to evaluate line

transedtbasedlistance sampling from roads and determine flock encounter ragashn

ecoregion. We used those encounter rates to determine the amount of effort (i.e., km of

roads) needed to obtain adequate sample sizes for distance sampling in each ecoregion.

We alsoconducted field simulations using inflatable wild turkey decoydetermine

wild turkey flock detectability and factors influencing their detectability in each

ecoregion.

Study Area

The Cross Timbers ecoregi@ifig. 3.1)separates the plains region in the west
from the forestd hills region of eastern Tex&sriffith et al. 2004).Elevation rangd
from 366 596 m above sea level (ASL) and the area redeiweaverage of 73 cm of
rainfall per year (Hohensee 1999¥ommon grasses for the region incldditle
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bluestem $chizachyrium scopariupsideoats gramaputelowa curtipenduld, and
Texas wintergrassNassella leucotrichne Common woody species includ@oney
mesquitgProsopis glandulosgand post oakQuercus stellatp(Griffith et al. 2004,
Hohensee 1999).

The Edwards Plateau ecoregi®itg. 3.1)is a limestoe plateau that is primarily
vegetated byuniperoak (JuniperusQuercusspp) savannah and mesquibak savannah
(Griffith et al. 2004). Thearea contaied many perennial streams (Griffith et al. 2004
andreceivel approximately 3884 cm of rainfall peyear. Hevation rangd from
approximately 306015 m ASL (Randel 2003, Texas Economic Development and
Tourism 2003). Common grasses for the region inclse@tchgrassPanicum
virgatum), indiangrass§orghastrum nutansand buffalograssBuchloe dactylmes.
Common woody species inclutleshe juniperJ. ashe) and live oak Q. fusiformi9
(Randel 2003).

TheRolling Plains ecoregio(Fig. 3.1)encompasses mostly smooth to irregular
plains with a large percentage of cropland and oil and gas prod(Gidiith et al.
2004). The region has many small stream valleys that flow east to so(8yesests et al.
2002). Elevation rangd from approximately 24010 mASL and the area receigan
average of 5576 cm of rainfall per year (Spears 2002). Theetatipnwasmostly
honeymesquitedomindedgrasslands with presence of sand sagebrusbrfiesia
filifolia), sand shinnery oak) havardii), and acaciaXcaciaspp). Bluestems
(Schizachyriunspp.) and grama®6utelouaspp.) are the dominant grasseshef

ecoregion (Spears 2002).

38



Texas Tech University, Devin R. Erxleben,deenber 2008

The South Texas ecoregifffig. 3.1)was once a rolling grassland but due to
extensive cattle grazing, the vegetation is now primarily honey mesyuub oak
(Quercusspp.)shrubland (Griffith et al. 2004)Elevation range from Or 305 m ASL and
average precipitation for the ar@asabout 65 cm per year (Hernandez et al. 2005, Texas
Economic Development and Tourism 2008ommon voody species for the region
included honey mesquitehuisache A. farnesiang, granjeno Celtis pallidg), and live
oak (Hernandez et al. 2005). Some of the common grasses and forbsdddvelweed
(Crotonspp), annual sunflowerHelianthus annus little bluestem, and threswrs
(Aristida spp.)(Hernandez et al. 2005)Cattle grazing, huntingand oil productionvas

widespread across the ecoregion (Griffith et al. 2004).

Methods

We randomly e s-knadurively sahseats orOcounty roadd$or Farm
to Market highways in each ecoregion as suggested by Butler et alaj200é
excluded H state and federal highways due to their lack of feasibility for distance
sampling because of traffic volume and we excluded all private roads because of land
access limitations. We used ArcM8py er si on 9. 2 and Hawt hos
2004) to geerate random transect start points located on roads in each ecoregion. We
used a global positioning system (GPS) to record each survey transect (Universal
Transverse Mercator [UTM], North American Datum 1983). We drove each transect
until we mapped a tBm route. If we came to a road intersection, we randomly chose
the path that would allow us to complete akb® transect without allowing the transect
to intersect itself or any other transects, as this could bias density estimates when
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conducting survey, If we arrived at an intersection and more than one possible route met
those conditions, we flipped a coin to determine which direction to proceed. While

creating the transects, we also recorded a set of transect descriptions (Appendix C) for

each tragect so that the observer could easily navigate the transects during surveys. To
help |l ocate survey transects during the su
create county maps showing all public roads and survey transects (Appendix C).

Roadbasel distance samplinqusveys

With the help of TPWD personnel, we conducted fbased surveys from 1
December 200715 March 2008 in the Cross Timbers, Edwards Plateau, Rolling Plains,
and South Texas ecoregions. Prior to conducting surveys, we traineabsacher to
identify wild turkeys by sex class as well as, gather distance and angle measurements.
We surveyed all transects at least once, some transect were surveyed again if time
permitted. To ensure we did not conduct surveys during RGWT roostingies, we
began surveys 30 minutes after sunrise and finished surveys 1 hour before sunset. All
surveys were conducted during clear weather so precipitation or fog would not affect
flock detectability. We conducted surveys from-aldeel drive pickugruck with a
single observer traveling atil® km/hour. Distance sampling requires complete
detectability near transects; therefore, the observer was instructed to focus their attention
near the road (Buckland et al. 2001). Once a flock was detectedcarded an
observation number for each flock so that sightings remained independent. We used a
Bushnell® Yardage Pro Scout rangefinder (Bushnell Performance Optics, Bausch &
Lomb, Inc., Overland Parks, KS) and compass bearings to estimate the pefpendicu
sighting distance to the center of each observed flock. To help minimize measurement
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error, each observer was trained to use the rangefinder and compass prior to surveys. For
each observation, we collected a perpendicular sighting distance, agslagdiing, and

the UTM coordinate on the transect at the point where the measurements were collected.
We also recorded flock size and flock composition and any flushing responses for each
observation. When an observed flock flushed, we recorded all reezents to the

location of the flock prior to flushing. To assess the amount of vegetative cover for each
observation, we classified vegetation as grassland, low density understory (<50%), or
high density understory (>50%). The purpose of the vegetatier classifications was

not to describe the overall landscape, but rather to describe the vegetation growing in
sight of the observed flock. We did not classify overstory vegetation because it did not
affect flock detectability. A detailed survey protbis included in Appendix C.

To determine flock encounter rates, we divided data into surveys conducted
during the first half of daylight hours (AM) and surveys conducted during the last half of
daylight hours (PM), and then used DISTANCE 5.0 (Thomas. 005) to calculate
AM, PM, and combined encounter rates for each ecoregion. We were interested in
determining an AM, PM, and combined encounter rate for each ecoregion to determine
when roaebased surveys would be most appropriate. Butler etGd742 found that a
sampl e siit0Aleck detecticdD$wis necessary to detecti 3% change in
population density ini8L2 years; therefore, we used estimated encounter rates to
determine how many km of roads would need to be surveyed to detect 60nflthcks
each ecoregion.

Butler et al. (200&) used a similar methodology to evaluate rbaded surveys

in the Texas Rolling Plains, but they rest
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riparian vegetative communities because RGWTs are dependent emnriganmunities
in the Rolling Plains (Brunjes 2005). We were interested in comparing encounter rates
obtained from surveys conducted in both riparian andripamian communities, to

encounter rates obtained from surveys conducted solely in riparianwgaties

(hereafter riparian surveys). Using ArcM¥ps er si on 9.2 and Hawt hds

(Beyer 2004), we created &in buffer around rivers, major streams, and minor streams
(Texas Commission on Environmental Quality 2008). To determine the ajapeopr

riparian buffer, we calculated distances from radiotelemetry locations of RGWTSs in the
Edwards Plateawn(= 4,979) and Rolling Plainsi(= 47,472) to the nearest river or
stream. I n the Edwards Plateau, r&ahm% of
and in the Rolling Plains, 90% of | ocat.i
the riparian buffers and data from relagised surveys of both riparian and smgoarian
communities, we determined encounter rates from those portions of sumeysteal in
riparian communities. The riparian encounter rates were then used to determine how
many km of roads would need to be surveyed to detect 60 flocks within each ecoregion if
surveys were restricted to riparian communities (i.e., within 1 km efgiand streams).

Decoy simulation @rveys

To evaluate flock detectability, we conducted field simulations using inflatable
turkey decoys (Sceery Outdoors, Ltd., Santa Fe, NM) during the same period-as road
based distance sampling surveys for live birlatler et al. (200&) evaluated the use of
inflatable decoys to simulate live RGWT flocks in the Rolling Plains and found that
detection probabilities were similar to that of wild turkey flocks. We conducted
simulation surveys on private and public roadere we had access to set up decoy
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flocks on both sides of the road. For each simulation, we pla¢dd H2coy flocks at
random distances froni 200 m on either side of the transect. We did not place flocks
more than 200 m from the transect becauseiqus research indicates flock detection
was unlikely at distance200 m from roads (Butler et al. 20§)7 We varied the flock
size randomly from 1150 decoys. We used 3 observers to survey each simulation;
each observer conducted the survey indepdrafehe other observers. When
conducting the decoy simulation surveys, the observer followed the same protocol as
described for the roablased surveys of live birds (Appendix C).

To evaluate flock detectability, we analyzed the simulation survey dat us
logistic regression (Hosmer and Lemeshow 2000, Butler et alaP00B3PSS® 16
(SPSS Inc., Chicago, lllinois, USA). We created 9 a priori logistic regression models
(Table 3.1) and then used secon)deightsder Aka
(Burnham and Anderson 2002) to evaluate effects of distance to a flock, flock size, and
vegetative cover on flock detection. We chose to use BéCause it performs better
than AIC when the ratio of sample size to the number of parameters in the motizl is
(Burnham and Anderson 2002). For the logistic regression models, we used a binary
variable for flock detection where 1 was i
(Butler et al. 200&). We also evaluated the fit of each model using Hosneer an

Lemeshow goodness-fit tests (Hosmer and Lemeshow 2000).
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Results

Roadbased distance samplinargeys

In the Cross Timbers, we conducted 154 surveys totaling 2,548.7 km; in the
Edwards Plateau, 126 surveys totaling 1,751.4 km; in the Rolling Pldidsurveys
totaling 1,774.2 km; and in South Texas, 112 surveys totaling 1,874.5 km. The total
number of flocks detected in each ecoregion ranged from 3 in South Texas to 38 in the
Edwards Plateau (Table 3.2). Encounter rates varied from 01D (©,05% CI)
flocks/100 km during AM surveys in South Texas to 2.21(8.8) flocks/100 km during
PM surveys in Edwards Plateau (Table 3.2). In the Cross Timbers, Edwards Plateau, and
South Texas ecoregions, we observed more flocks during PM surveys. dbbevilere
observed during AM surveys in the Rolling Plains. The amount of survey effort that
would be required to obtain 60 flock observations per ecoregion was 12,766 km {11,765
13,954 km; 95% CI) in the Cross Timbers, 2,765 km (2,3%956 km) in the Baards
Plateau, 6,250 km (5,986,593 km) in the Rolling Plains, and 37,500 km (331333
42,857 km) in South Texas (Table 3.2).

We surveyed 1,970.7 km in riparian communities (i.e., within 1 km of rivers and
streams) in the Cross Timbers; 1,297.0 km in rgpadommunities in the Edwards
Plateau; 1,085.6 km in riparian communities in the Rolling Plains; and 1,124.4 km in
ri parian communities in South Texas. The
river or stream ranged from 3 in South Texas to 3herEdwards Plateau (Table 3.3).
Encounter rates in rip@n communities varied from 0.2 (0.6, 95% CI) flocks/100
km during AM surveys in South Texas to 2.9 {6%) flocks/100 kmduring PM surveys
in the Edwards Plateau (Table 3.3). The amountioviey effort required to obtain 60
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flocks per ecoregion if surveys were restricted to riparian communities, was 9,836 km
(8,963 10,897 km; 95% CI) in the Cross Timbers, 2,222 km (2,870 km) in the
Edwards Plateau, 4,348 km (4,13%84 km) in the Raihg Plains, and 22,222 km
(19,782 25,349 km) in South Texas (Table 3.3).

Decoy simulation @rveys

In the Edwards Plateau, we conducted 10 simulation surveys and detected 32 of
130 (24.6%; 17.632.9% [95% CIl]) decoy flocks; in the Rolling Plains we conduidi@
surveys and detected 36 of 160 (22.5%; 18938%) decoy flocks; and in the South
Texas ecoregion we conducted 3 surveys and detected 12 of 48 (25.0%89 X346
decoy flocks. Distances from the transect to flock center were underestimated by 4.3 +
2.2m (=3.813, df = 79P < 0.001). Distance from the transect to detected and
undetected decoy flocks were different (mean difference = 54.1 + 11.2 m, 95% CI;
9.492, df = 336P < 0.001) and there was a difference in detected and undetected decoy
flock sizes (mean difference = 5.9 + 35; 3.301, df = 336P = 0.001). During
simulation surveys, detected decoy flock sizes were also underestimated by observers
(3.9 + 1.4t =5.451, df = 79P < 0.001).

To evaluate the effect of distance tdak, flock size, and vegetative cover on
wild turkey flock detectability, we created 9 a priori logistic regression models (Table
3.1) and then used Al@veights and goodness-fit to determine the best model. The
global model contained the majoritythie AlC; weight (v = 0.990), but the fit was poor
( %= 17.367, df = 8P = 0.027). The best modeli(= 0 . 6=18M42 intercept =
2.079, df = 8P = 0.429) suggested that distance and vegetative cover combined played
an important role in flock detectability. Specdlly, flock detectability decreased with
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increased distance (odds ratio = 0.9%55 25.611, df = 1P = 0.000) from roads. Flock
detectability in high density understory was lower than that of grassland (odds ratio =
0.014,W=43.254, df = 1P = 0.00Q and detectability in low density understory was
lower than that of grassland (odds ratio = 0.2®%; 15.127, df = 1P = 0.000) (Fig.

3.2).

Discussion

Butler etal (200d) s u g g e s i 76 flocktolbsartatiods&vére needed to
detect a 1025% change in population density in12 years. Using the encounter rates
from roadbased surveys, we calculated the total effort needed (i.e., total km of transects)
in each ecoregioto observe 60 wild turkey flocks. Estimated flock encounter rates
obtained from surveys in both riparian and 4igrarian communities were low, requiring
far too much survey effort (2,7657,500 km) to make rodolased distance sampling
feasible for monitang population trends in most ecoregions. The encounter rates
obtained from riparian surveys were greater, reducing the amount of survey effort
(2,222 22,222 km) required. These results suggested thatoaset surveys may prove
applicable in the Edwds Plateau and Rolling Plains ecoregions if surveys are restricted
to areas O1 km from rivers and streams.
required for adequate sample sizes in the Cross Timbers and South Texas ecoregions,
even if surveys are regted to riparian communities.

Flock detection probabilities obtained from rdaased simulation surveys were
lower than expected, likely explaining why live bird encounter rates were low. Butler et
al. (2007&), using similar techniques, found that deflock detectability in the Rolling
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Plains during winter was 67.0 + 13.0%, but we did not observe detection probabilities
>25.0% (13.839.6%; 95% ClI).

Historically, the study area received an average summer precipitation (May, June,
and July combined) afpproximately 19 cm in the west to approximately 33 cm in the
east (PRISM Group, Oregon State University 2008). During 2007, the average summer
precipitation for those areas ranged from 23 cm in the west to 110 cm in the east (PRISM
Group, Oregon State Wrersity 2008). Accordingly, the summer of 2007 (Jukggust)
was the wettest recorded summer since 1895, with avsid¢eaverage of 36 cm of rain
(National Climatic Data Center 2008). This led to a productive growing season in all 4
ecoregions.Basedon personal observations of thick stands of annual forbs and dense
grasses, as well as the results of our modeling efforts, high density vegetative cover was a
likely cause of low detection probabilities in each ecoregWimen Butler et al. (20@)
conducted field simulations in the Rolling Plajrisey observed a higher detection
probability (67.0 = 13.0%). The summer precipitation prior to their surveys was near or
below average each year (1® cm) (PRISM Group, Oregon State University 2008).
Therebre, during years with average rainfall (67.0 £ 13.0%), detection probabilities were
3 times greater than during years with above average rainfall (22.5%2%@8%) in the
Rolling Plains Furthermore, research should be conducted to determine if R@@KT fl
detection probabilities are higher during years with average precipitation in the other
ecoregions.

During simulation surveys, observers underestimated perpendicular distances and
flock sizes. Underestimating distances biases density estimates tighderestimating
flock sizes biases density estimates low. It is unlikely these biases cancel each other
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(Buckland et al. 2001), and therefore more effort should be made during surveys to obtain
accurate measurements. If rdaaksed distance sampling gelys are used to monitor
RGWT populations, we recommend that all observers undergo adequate training to help
maximize the number of flock detections and reduce potential measurement errors during
surveys.

Our research indicated that relbdsed distance s@hmg was generally infeasible
for monitoring RGWT populations on ecoregion scales because of the survey effort
required (Table 3.2). However, if surveys
streams, roathased surveys may prove applicable for naymg wild turkey populations
in the Edwards Plateau and Rolling Plains. Though less survey effort is required in
riparian communities, the survey design would likely require access to large tracts of

private land making annual surveys difficult.

Managenent Implications

Concerns about decreasing RGWT populations have encouraged TPWD
biologists to conduct annual surveys to monitor population trends. However, techniques
used were indekased and do not necessarily relate to population abundance, or are
infeasible for monitoring population trends on regional levels because of the survey effort
required (Schwertner et al. 2Q@utler et al. 2004, b). Previous research in the Rolling
Plains suggested that rehdsed distance sampling could be an effectigéhod for
monitoring population trends on an ecoregion level (Butler et al.8&200/e found that
roadbased surveys generally required too much survey effort to obtain sample sizes large

enoughfor distance sampling. Howevethen restricted to ripariacommunities, less
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survey effort was required allowing feasible effort in the Edwards Plateau and Rolling
Plains. If surveys are restigel to riparian communities, 128-kéh surveys during PM
in the Edwards Plateau and 245K surveys durind\M in the Rolling Plains would be

adequate for detecting ail@»% change in population density inl2 years.
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Figure 3.1. Map of Texas denotidgecoregions (Texas Parks and Wildlife Department

2008, Gould 1962)here Rio Grande wild turkey surveys were conducted duringi2007

2008
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Table 3.1 Flock detectability models for rogabsed distance sampling surveys of
inflatable wild turkey decoys in the Edwards Plateau, Rolling Plains, and South Texas
ecoregions of Texas; 1 December 200& March 2008r{= 338). For each logistic
regression modei,2*log-likelihood ( 2LL), number of prametersK), seconebrder
Akai keds i nf or mhadifferenne incAlGicampared o toweStAIKDCthe
mo d e | ), Al€sweightdw), and Hosmer and Lemeshow goodrefsst test

statistics (GOFareprovided

GOF

ModeF i2LL K AIC M Wi & df p

DIST + FLOCK + VEG 181.8 6 194.0 0.00 0.99 17367 8 0.027

DIST + VEG 193.1 5 203.2 9.23 0.01 8.042 8 0.429
FLOCK + VEG 2222 5 2324 3837 <0.00 21.873 8 0.005
VEG 226.1 4 2342 40.20 <0.00 <0.000. 1 1.000
DIST + FLOCK 261.7 3 267.7 73.72 <0.00 10.405 8 0.238
DIST 2799 2 2840 89.97 <0.00 41.682 8 <0.001
FLOCK 359.3 2 363.3 169.33 <0.01 57.296 8 <0.001
CONSTANT 3699 1 3719 177.88 <0.01 T T |

ECOREG 369.6 4 377.8 183.75 <0.01 <0.000 1 1.000

% CONSTANT = constant detection rate independent of flock size, distance, vegetative
cover, and ecoregion; DIST = distance; ECOREG = ecoregion; FLOCK = flock size; and

VEG = vegetative cover.
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Table 3.2. Summary of encountates of Rio Grande wild turkey flocks during read
based surveys conducted from 1 Dec 2a®/Mar 2008 in the Cross Timbers, Edwards

Plateau, Rolling Plains, and South Texas ecoregions of Texas.

95% CiI
Ecoregioft n° ER® Effort? CV(%) Lower  Upper
Cross Timbers 12 0.47 12,766 37.58 0.43 0.51
Cross Timbers AM 6 0.41 14,634 40.50 0.19 0.89
Cross Timbers PM 6 0.56 10,714 48.24 0.22 1.39
EdwardsPlateau 38 2.17 2,765 32.26 2.03 2.31
Edwards Plateau AM 22 2.14 2,804 36.43 1.06 4.34
EdwardsPlateau PM 16 2.21 2,715 52.68 0.81 6.00
Rolling Plains 17 0.96 6,250 24.51 0.91 1.01
Rolling Plains AM 9 1.03 5,825 34.50 0.53 2.03
Rolling PlainsPM 8 0.89 6,742 3277 0.47 1.68
South Texas 3 0.16 37,500 62.51 0.14 0.18
South Texas AM 1 0.10 60,000 99.32 0.02 0.56
South Texa®M 2 0.23 26,087 75.36 0.06 0.87

% AM represents surveys conducted during the first half of daylight hours. PM
represents surveys conducted during the last half of daylight hours.

® Number of wild turkey flocks observed.

¢ Encounter rate of wdl turkey flocks per 100 km surveyed.

4 Survey effort (i.e., km of roads) required to observe 60 wild turkey flocks.
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Table 3.3 Summary of encounter rates of Rio Grande wild turkey flocks during road
based surveys conducted from 1 Dec 2a®/Mar 2008n riparian communities (i.e.,
areas O1 km from a r i v e inthe @rasg Timbers, Edwardsm, o r

Plateau, Rolling Plains, and South Texas ecoregions of Texas.

95% CiI
Ecoregioft n° ER® Effort? CV(%) Lower  Upper
Cross Timbers 12 0.61 9,836 49.82 0.55 0.67
Cross Timbers AM 6 0.52 11,539 52.61 0.30 1.02
Cross Timbers PM 6 0.73 8,219 60.11 0.32 1.49
EdwardsPlateau 35 2.70 2,222 31.37 2.53 2.87
Edwards Plateau AM20 2.54 2,362 35.62 1.46 4.74
Edwards Plateau PM15 2.94 2,041 51.22 1.54 6.73
Rolling Rains 15 1.38 4,348 26.29 1.31 1.45
Rolling Plains AM 8 1.53 3,927 36.49 1.03 2.54
Rolling Plains PM 7 1.24 4,839 33.36 0.82 2.04
South Texas 3 0.27 22,222 60.15 0.24 0.30
South Texas AM 1 0.18 33,333 96.94 0.10 0.64
South Texas ™ 2 0.36 16,667 73.98 0.19 0.92

% AM represents surveys conducted during the first half of daylight hours. PM
represents surveys conducted during the last half of daylight.hours
® Number of wild turkey flocks observed.

¢ Encounter rate of wild turkey flocks per 100 km surveiyedparian communities
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4 Survey effort (i.e., km of roads) required to observe 60 wild turkey flocks.
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APPENDIXA

A PRIORI POWR ANALYSESFORHABITAT USE AROUND ROADS INTEXAS

ECOREGIONS
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In Chapter II, we evaluated Rio Grande wild turksieleagris gallopavo
intermedig habitat use around roads in Texas. We obtained radiotelemetry locations
from the Edwards Plateau, Riog Plains, and South Texas ecoregions, and then
conducted habitat use and availability analyses to determine wild turkey use of areas near
roads (<200 m). In order to determine the appropriate sample sizes (i.e., the number of
wild turkey locations) rquired to determine habitat use, we conducted a ower
analyses using PROC POWER in SAS 9.1.3 (SAS Institute, Cary, NC). We used PROC
POWER (Codes AIl1A.7) to determine the number of locations needed fesiaéed
exact binomial test to detect a 1@#ference in observed and expected habitat use with
00.80 power at each study site. Separate
because the percent of available habitat near roads (i.e., the null proportion) was different
at each site. At given sample size, power will be different depending on the percent of
available habitat near roads.

We plotted power as a function of sample size in order to determine the number
of Il ocations needed for GB7)8Weopsevede¢hat at eac
power as a function of sample size was-$a@thed for single binomial proportions,
meaning that power sometimes decreased with increased sample size (SAS Institute Inc.
2004). An explanation for this sawothed behavior was provided by Cheknémd Liu
(2002). To determine the number of wild turkey locations needed, we used the smallest
sample size that produced O0.80 power . To
needed at KerReal and 48 locations were needed at Bandera. -Fogtyocations were

needed at Gene Howe and 33 locations were needed at the Salt Fork and Matador. One

62



Texas Tech University, Devin R. Erxleben,deenber 2008

hundred sixteen locations were needed at Brooks, 81 were needed at Kleberg, and 56

were needed at Kenedy.
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Code A.1. PROC POWER syntax used in SAS 9.1.3 to determine the number of Rio
Grande wild turkey locations needed to detect a 10% difference in observed and expected

habitat use at the KeReal study site, Texas.

PROCPOWER;

ONESAMPLEFREQ TESE EXACT
NULLPROPORTION = 0.058
PROPORTION = 0.001
SIDES =2
ALPHA = 0.05
NTOTAL = 2 to 100 by 1
POWER = .;

PLOT;

RUN;
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Figure A.1. Estimated powéely sample size using 2sided exact binomial test to dete

a 10% difference in observed and expected halmtzdt the KerrReal study site, Texas.
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Code A.2. PROC POWER syntax used in SAS 9.1.3 to determine the number of Rio
Grande wild turkey locations needed to detect a 10% difference in observed anddexpect

habitat use at the Bandestudy site, Texas.

PROC POWER;

ONESAMPLEFREQ TESE EXACT
NULLPROPORTION= 0.112
PROPORTION:= 0.012
SIDES= 2
ALPHA = 0.05
NTOTAL = 2 to 100 by 1
POWER= .;

PLOT;

RUN,;
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Figure A.2. Estimated peer by sample size using 2sided exact binomial test to detect

a 10% difference in observed and expected halmtzdt the Bandera study site, Texas.
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Code A.3.PROC POWER syntax used in SAS 9.1.3 to determine the number of Rio
Grande wild turkey locatns needed to detect a 10% difference in observed and expected

habitat use at the Gene Hosgteldy site, Texas.

PROC POWER;

ONESAMPLEFREQ TESE EXACT
NULLPROPORTION= 0.08
PROPORTION:= 0.001
SIDES= 2
ALPHA = 0.05
NTOTAL = 2 to 100 by 1
POWER= .;

PLOT;

RUN;
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Figure A.3. Estimated powély sample size using 2sided exact binomial test to detect
a 10% difference in observed and expected halstzdt the Gene Howe study site,

Texas.
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Code A.4.PROC POWER syntax used in SAS..3 to determine the number of Rio
Grande wild turkey locations needed to detect a 10% difference in observed and expected

habitat use at the Matador and Salt Fork study sites, Texas.

PROC POWER;

ONESAMPLEFREQ TESE EXACT
NULLPROPORTION= 0.107
PROPORTON = 0.007
SIDES= 2
ALPHA = 0.05
NTOTAL = 2 to 100 by 1
POWER= .;

PLOT;

RUN;
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Figure A.4. Estimated poweéy sample size using 2sided exact binomial test to detect

a 10% difference in observed and expected halstdt the Matadoland Salt Fork study

sites, Texas.
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Code A.5.PROC POWER syntax used in SAS 9.1.3 to determine the number of Rio
Grande wild turkey locations needed to detect a 10% difference in observed and expected

habitat use at the Brooks study site, Texas.

PROC POWER

ONESAMPLEFREQ TESE EXACT
NULLPROPORTION= 0.225
PROPORTIONE 0.125
SIDES=2
ALPHA = 0.05
NTOTAL =2 to 150 by 1
POWER= .;

PLOT;

RUN;
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Figure A.5. Estimated powély sample size using 2sided exact binomial test to detect

a 10 difference in observed and expected habisaatthe Brooks study site, Texas.
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Code A.6. PROC POWER syntax used in SAS 9.1.3 to determine the number of Rio
Grande wild turkey locations needed to detect a 10% difference in observed and expected

habitatuse at the Kleberg study site, Texas.

PROC POWER;

ONESAMPLEFREQ TEST £XACT
NULLPROPORTION= 0.156
PROPORTIONE 0.056
SIDES=2
ALPHA = 0.05
NTOTAL =2 to 150 by 1
POWER= .;

PLOT;

RUN;
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Figure A.6. Estimated powély sample sizeisinga 2sided exact binomial test to detect

a 10% difference in observed and expected halstzdt the Kleberg study site, Texas.
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