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ABSTRACT

Montezuma quail@yrtonix montezumadife history is the least understood of
all North American quail due to historical diffi¢igls in capturing and monitoring
marked individuals of this species. Most aspetts@opulation dynamics, range and
habitat use have remained as knowledge gaps until My study overcame these
difficulties and | was able to trap and monitoriB8ividuals from 2008-2010 at 3 study
sites in southeast Arizona. Techniques for tragimd monitoring included the use of
trained pointing dogs, hoop nets, funnel traps,fandard-looking infrared (FLIR)
cameras.

| estimated survival probabilities as well as msge for radio-marked
individuals. The estimated survival, using the kkapMeier staggered entry method,
combined amongst 3 study sties, was 21.9% fron2€0B—2009. Survival for quail at
the Appleton-Whittell Research Ranch in 2010 w&841. For range estimation, | used
the minimum convex polygon (MCP) and fixed kerrsireators. The largest MCP
range estimate for an individual (206.65 ha) wagjfaater than previous estimates
reported for this species in the literature. Theamseasonal range size, using the fixed
kernel 95% utilization distribution, also was 60¢gHer at Stevens Canyon, 63% higher
at Hog Canyon, and 47% higher at the Appleton-WHhiResearch Ranch than the
largest use area (50 ha) reported in the literatéravildfire in 2009 provided an
opportunity to examine post-fire succession andtabbse. | observed roosting in fire-

affected areas within 1 week post-fire and sucoésslsting in fire-affected areas within



3 months post-fire. Low survival and reduced 9%%éd kernel ranges for quail at the
Appleton-Whittell Research Ranch in 2010 was attal to strong El Nifio conditions
in the Pacific that brought a severe winter stasrthe region.

The combined results from this research help tves$ knowledge gaps about
Montezuma quail survival demographics, range, babse, and provide references to
baseline data to assist managing potential im@essciated with stochastic events such
as wildfire and periods of inclement weather asged with above average winter

precipitation.
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CHAPTER I

ECOLOGY OF THE MONTEZUMA QUAIL: INTRODUCTION,

BACKGROUND AND NEED FOR RESEARCH

Cryptic plumage and extreme adaptive stillnesgumte2 characteristics of
Montezuma QuailQyrtonyx montezumae spmehich makes it the least understood
species of quail throughout North America. A nepical bird in origin, the geographic
distribution of this species is more widespreaduighout Mexico than in the southern
United States (U.S.). Some subspecies, su€@ydenyx montezumae salleange as
far south as Oaxaca, Mexico (Sullivan 1994). Toghernmost subspecigSyrtonyx
montezumae mearnss sparsely populated in west-central Texas, mbredant in
central New Mexico, and most abundant from cemtredona south to northern
Coahuila (Sullivan 1994). Other members of thespebies includ€yrtonyx
montezumae merrianwhich occurs in Veracruz, in the vicinity of Mou@tizaba,
Cyrtonyx montezumae montezumdech occurs in Michoacan, Oaxaca, Distrito
Federal, Hidalgo, Puebla, northern and eastern dluewen, and west-central
Tamaulipas, an@yrtonyx montezumae rowleyhich occurs in Guerreo (Sullivan
1994). Past research has provided some insighthetnatural history of this species

(Wallmo 1954, Leopold and McCabe 1957, Bishop andd¢rford 1965), but most

" Part of the data reported in this chapter is repd with permission from “Use of portable infrared
cameras to facilitate detection andcapture suatfeldontezuma quail” by Chavarria P. M., A. R. Kogek
N. J. Silvy, and R. R. Lopez. 2012. ProceedinghefNational Quail Symposium 7:333-338.



ecological knowledge on this species is anecdoifew studies have provided in-
depth analysis of their movements and populatiaradyics (Stromberg 1990).
Conservation of many quail species, including Maanma quail, throughout the
U.S. is facing increasing challenges with the besachpacts including loss of suitable
habitat, habitat fragmentation, and pressure froereased popularity in hunting
(Brennan 1991, Rollins 2002). Arizona managegHerconservation and recreational
hunting of the largest density of Montezuma (MesYigjuail Cyrtonyx montezumae
mearns) in the U.S.—abundant throughout many federalstate-managed public
lands in southeast Arizona. Because of their grediundance in Arizona, Montezuma
quail there have historically served as transplémtseintroducing populations thought
to be extirpated in Texas (Brennan 2007). Howether]ack of successful mark-
recapture and telemetry studies in the past, cdupjdess effective survey methods,
have led to knowledge gaps in their life historg @oorly understood estimates of their
populations throughout their known range. The Maaotna quail is described as a rank
2 “Responsibility”, rank 1 “Community /Focal”, rar¥k“Vulnerability”, and rank 3
“Unknown Status” species of management concernimoAa Game and Fish
Department’s Comprehensive Wildlife Conservatiora®gy for 2005-2015. A better
understanding of their abundances, population dycsgrand habitat use is crucial for
planning conservation and reintroduction strategieseas where they are subject to
intensified recreational hunting, habitat fragménta overgrazing, and other stochastic
factors that have led to extirpations throughoutimof their historical range in the

southern U.S..



My research focused aspects of Montezuma quaihigtory such as its
population dynamics and habitat use. My objectiveee to (1) develop more effective
methods for capturing and monitoring Montezuma lg(2) estimate abundances and
densities of populations, (3) estimate survivat r@td causes of mortality from radio-
marked individuals, (4) estimate “home range” siz@abitat utilization ranges from
radio-marked individuals, (5) examine componentlaifitat use from radio-marked
individuals, (6) evaluate behavior, survival, amsfpfire succession following a human-
caused incidental wildfire in 2009, (7) analyze itin@act of severe winter weather on
their survival following a period of record-settipgecipitation in 2010, and (8) provide
recommendations for improving future studies fa thanagement and conservation of
this species. The dissertation addresses thesetgs in 5 chapters. Chapter 2
focuses on survival demographics and cause of fitgrt&€hapter 3 focuses on
movements and estimates of seasonal ranges. CHdpiaises on landscape
characteristics of habitat use from locations gatthé¢hrough radio telemetry. Chapter 5
provided concluding thoughts and management recordat®ns. A more thorough
description of the study area follows in the neadt®n, but some of this information is
repeated among chapters (i.e., species and stadydascription) because the
dissertation is divided into chapters that havenljgepared as independent, standalone

manuscripts with a distinct research focus.

STUDY AREAS
Surveys of Montezuma quail were conducted throughAozona Game and Fish

Department’s (AZGFD) Management Unit 35 in southeasArizona (Fig. 1.1) within



areas administrated by the Coronado National Faresanta Cruz County. Most
research was concentrated near Stevens Canyomatid@Ganyon in Patagonia, Apache
Tank and Williamson Tank in the San Rafael Vallkgache Spring, Hog Canyon, and
Gardner Canyon near Sonoita, and the Appleton-@lhResearch Ranch (AWRR) near
Elgin. Trapping and long-term monitoring of radi@arked individuals occurred
primarily in Stevens Canyon, Hog Canyon, and AWRR.

AZGFD’s Comprehensive Wildlife Conservation Stept€AZGFD 2006) notes
the major vegetation types occupied by Montezunaal qusoutheastern Arizona
consist of: Plains and Great Basin Grasslands, |BineaGrasslands, Madrean
Evergreen Woodland, and rarely Montane Conifer torelog Canyon (~31° 40" N,
110° 42' W) was dominated by Madrean Evergreen \Wamaidand Montane Meadow for
vegetation and Caralampi gravelly sandy loam (22.28#s (NRCS 2012). Steven’s
Canyon (~31° 35'N, 110° 45' W) also was dominabdd0s) by Caralampi gravelly
sandy loam soils [Natural Resource Conservationi&e(NRCS) 2012] and had similar
vegetative characteristics to Hog Canyon, but witkduced overstory canopy layer;
Madrean Evergreen Woodland was sparser and intedwixth Desert Scrub midstory
species (i.e Acaciasp.; mesquiteRrosopissp). The AWRR (~31° 35' N, 110° 30' W)
consists mainly of Plains and Great Basin Grasslaiominated by Big Sacaton
(Sporobolus wright)i bottomlands along Turkey Creek and Madrean Eeeryr
Woodlands sparsely dispersed among the sloping (dtromberg 1990), but were
generally found in greater abundance and densileesy the southern and eastern

borders that neighbor the Coronado National Fdf@stonado NF). Dominant soils



(52.5%) at AWRR consist of White House gravellyno@NRCS 2012). Grazing of
cattle was permitted seasonally at Hog Canyon aexke8s Canyon and was
administrated by the Coronado NF. Seasonal huofifdontezuma quail was

permitted at Stevens Canyon (Fig. 1.2) and Hog @arilyig. 1.3) and was regulated by
Arizona Game and Fish. The AWRR (Fig. 1.4), owaed managed by the Audubon
Society, was a designated “Sanctuary” and did eahg grazing or hunting on their
property. Climate data from the nearest long-tereather station (#1231 Canelo 1 NW;
Canelo, Arizona) indicated mean temperatures & Z2in June, the hottest month, and
mean temperature of 6’8 in January, the coldest month, from 1981to 2@tQHis

region [Western Regional Climate Center (WRCC) 2012
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Figure 1.1. Map of Montezuma quail study siteSamta Cruz County, Arizona, 2007—2010




Figure 1.2. Map of Stevens Canyon study site m&&ruz County, Arizona. Displayed is the obsérivientezuma
quail population range.



Hog Canyon

Figure 1.3. Map of Hog Canyon study site in S&naz County, Arizona. Displayed is the observechiMauma
quail population range.



Figure 1.4. Map of AWRR study site in Santa Craufty, Arizona. Displayed is the observed Monteawuail
population range.



CHAPTER Il ©
SURVIVAL DEMOGRAPHICS OF MONTEZUMA QUAIL
IN SOUTHEAST ARIZONA

SYNOPSIS

Many facets of Montezuma quaiyrtonix montezumae mearppopulation
dynamics, such as survival and causes of mortaiyunknown due to a limited or lack
of mark-recapture studies on wild populations @ #pecies. Much of what is known
about this species comes from casual observatiotieifield or from dog-assisted
flush-count surveys. Further insight into rate aadses of mortality for this species is
necessary to ensure proper conservation measuegaluated survival and causes of
mortality of Montezuma quail in southeast Arizonani winter 2007 to spring 2010.
Survival was determined from quail captured, radigged, and monitored amongst 3
separate study sites. In 2 of these sites humtagypermitted and 1 site consisted of a
control where hunting was not permitted. Estingatigcurate rate of mortality in hunted
sites was complicated by large quantities of ceetbdata; some of which was attributed
to lack of reported mortalities from hunting. Mality in the control site may have been
compounded by a combination of stochastic everds Wildfire, freezing) occurring
during the course of the study. Mortality rate ddirsites were higher than any estimates
reported or hypothesized in known scientific litera. The estimated rate of survival,

combined amongst the 3 sites, was 21.9% from @0B2fall 2009. Survival for the

“Part of the data reported in this chapter is repd with permission from “Impact of inclement what
on overwinter mortality of Montezuma quail in soedist Arizona” by Chavarria, P. M., A. Montoya, N. J
Silvy, and R. R. Lopez. 2012. Proceedings of théddal Quail Symposium 7:346-351.
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control site (Appleton-Whittell Research Ranchnfravinter 2009—spring 2010 was
4.8% and was most likely attributed to atypicaligher levels of winter precipitation

that season.

INTRODUCTION

Although past research has provided much insigbtthe natural history of the
Montezuma quail (Wallmo 1954, Leopold and McCab&7] Bishop and Hungerford
1965), few studies have provided in-depth analgktbeir population dynamics from
radio telemetry analysis (Stromberg 1990). The $avdies that have attempted
monitoring of wild Montezuma quail populations thgh radio telemetry have had
complications associated with trapping a sufficarnple size, transmitter failure,
negative impact of transmitters on radio-markedlgaacombinations of these effects
(Stromberg 1990, Hernandez et al. 2009). Lackiotsssful mark-recapture and
telemetry studies have led to knowledge gaps im life history and poorly understood
estimates of their populations throughout theinknoange. A better understanding of
the abundance, densities, and survival rate ansksanf mortality in wild populations of
the Montezuma quail is important for their conséoraand is especially crucial in areas
where they face selective pressures from anthropogeurces such recreational
hunting and grazing, and are at additional risknffre-effected habitats (i.e., prescribed
burns, wildfires).

My goal was to evaluate survival of Montezuma boni3 separate study sites in
southeast Arizona and to determine the causes délityy. My objectives were then to

test if differences occurred within and amongstigtsites, treatments (hunting vs. non-

11



hunting), sex, and age classes. Where possibl@rined differences in mortality rate
amongst seasons as well as across all the aforemeatstrata. High rate of mortality
are thought to occur within younger age classehisfspecies immediately following

the hatch season (fall-winter). This is mostlyilatited to naive behavior and unlearned
survival instincts by the younger age classes.hiage of mortality amongst adult age
classes of this species are thought to occur ddin@dpreeding season, from May—
August, due to risky behaviors associated withadpction (i.e., courting displays and
calls) or increased movements. My objective waasvtduate survival and test for

differences among study sites, sex, and age ifgtaitted.

STUDY AREAS

Surveys of Montezuma quail were conducted throughAozona Game and Fish
Department’s (AZGFD) Management Unit 35 in southeasArizona within areas
administrated by the Coronado National Forest m&&ruz County (Fig. 1.1). Most
research was concentrated near Stevens Canyomatid@Ganyon in Patagonia, Apache
Tank and Williamson Tank in the San Rafael Vallkgache Spring, Hog Canyon, and
Gardner Canyon near Sonoita, and Appleton-WhiRelearch Ranch (AWRR) near
Elgin. Trapping and long-term monitoring of radi@arked individuals occurred

primarily in Stevens Canyon (Fig. 1.2), Hog Canybig. 1.3), and AWRR (Fig. 1.4).

12



METHODS

Capture and Handling

An assessment of trapping potential at each locat@s based on estimates of covey
size from flush counts. More trapping effort wasially invested in larger coveys
because they provided an increased probabilitypfuring individuals. Man-hours and
dog-hours invested in trapping effort varied amaomsgsdy sites, but generally did not
exceed 2-3 trap sessions per week, with trap sesspaced apart by no less than 2
days, totaling no more than 15 man-and-dog howsek (Chavarria et al. 20ap
More trap hours were generally invested at therobsite because potential conflicts
with hunters at the experimental sites reduced dppidies for trapping during the
hunting season from mid-November to early February.

A combination of techniques was used to capturat®luma quail: wire-cage
funnel traps, day trapping with hoop-nets and dagd, night trapping with hoop nets
and dogs. The primary means of trapping quail widislly to track birds with
assistance of trained dogs, which will hold poumttil the quail are cautiously
approached by and captured by researchers wita keogp-nets (Brown 1976,
Chavarria et al. 20} or throw-nets. The use of a lightweight and $raortable FLIR
(Forward Looking Infra-Red) camera (FLIR SystemertN Billerica, Massachusetts)
was used at times to narrow down the location aflChavarria et al. 208 by
tracking their heat signature at a location whedeghad gone “on point”. Variation in

hoop-net size and throw-net design were used terdd@tconditions of vegetation

13



density obstruction (e.g., smaller nets for thiskatvegetation) or to adapt to escape
behavior of birds (i.e., throw-nets for weary bjrds

Upon capture, birds were placed into individuakleclsacks and then transported
in a small and mobile field holding pen at the tiagation until they were fitted with a
backpack radio-transmitter (about 5-8 g, < 5% afybmass; Wildlife Materials,
Murphysboro, lllinois, USA), and evaluated for mogbogical characteristics. |
recorded gender, age, weight, wing length, tadienhead and bill length, culmen
length, bill width, bill depth, and tarsus lengtr each individual. Age of birds was
determined from fully developed presence of adultnage on the facial feathers as well
as the primary coverts using methods developeddyiqus researchers (Leopold and
McCabe 1957, Stromberg 1990). Adult birds alsceweferenced as After-Hatch-Year
(AHY) and juveniles and sub-adults were refereraeéiatch-Year (HY). The body
condition and presence of parasites or diseasenasmoted. All captured birds were
given numbered aluminum leg bands (Appendix I)thincase of multiple captures or
birds caught in night-trapping sessions, birds weld overnight in a holding pen at the
research station in Patagonia, Arizona or at thelé&pn-Whittell Research Ranch and
released before daybreak the following morningis Tdas done to reduce possible
mortality from hypothermia from releasing birdsnaht once a covey had been
displaced. Once at least 1 or 2 members of a coeey radio-tagged, other members of
the same covey could be trapped via Judas telerfiegor and Katahira 1988). Birds
that were injured during the course of trappingenapt for 1-2 days in a holding pen

at the research station and allowed time to re@iperf a bird was non-releaseable due
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to serious injury after 1-2 days, they were takea wildlife rehabilitation center
(Liberty Wildlife Rehabilitation, Prescott, ArizonblSA) and treated for injuries. If
treatment at the rehabilitation center was sucokdsfds were radio-tagged once again
and released back into the wild. If not, the witdrehabilitation center became
responsible for the care and oversight of non-szbke birds.
Radiotelemetry

Birds fitted with radio transmitters were trackada weekly basis. Monitoring
through triangulation of signal was conducted al3g times a week at random times
stratified by morning or afternoon. Walk-ins ahash counts were conducted
periodically on each radio-tagged bird at leasteoenery 3 weeks during the non-
breeding season. This was done to determine @éhrstatus of a bird, determine the
covey size with which a tagged bird was interagtagywell as to note habitat use, roost
selection, nest-site selection, and other behaworaponents (i.e., feeding,
reproduction). Transmitters included built-in “mality signals” to indicate a long period
of inactivity or no movement of a marked bird, miegrthat a bird was potential
deceased or the transmitter was nearing battduyrdai The frequency of walk-ins and
flush counts was reduced during the breeding seseduce potential impact to
reproduction. Night-time walk-ins were conductédeast once every 2 weeks during
the breeding season to determine clutch size atoth B&e if nests had been established.
Extra precautions were taken for night-time wal&-not to flush birds, especially during
the breeding season so as to avoid disruptiongeding behavior and nesting.

Mortality signals were investigated and carcaseesvered if possible. Carcasses that
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remained mostly intact were collected and presenvedireezer. Some of these remains
were submitted to Dr. Mark Stromberg at the coitets facility at the University of
California Berkeley.Locations of visually relocated birds were georefieed using
Universal Transverse Mercator (UTM) coordinateshemNAD83 datum, with a Garmin
Legend GPS unit in ArcView. Aspects of their habiise such as home range,
vegetation selection, and topography also wererdech
Statistical Analysis

Survival.—I used the Kaplan-Meier staggered entry estimdolgck et al.
1989) to calculate survival rat€)(and distributions by treatment (hunting vs. non-
hunting), sex, and age-class for tagged birds. uahsurvival rate were estimated from
the beginning of one fall season (starting 21 Sap#) to the start of fall season the
following year. Seasonal survival rate were deteeah for birds captured post-fall. |
considered analysis on 4 seasons based on the adynatcepted 3-month periods: 21
September—20 December for fall, 21 December—20 iMtancwinter, 21 March—20 June
for spring, and 21 June—20 September for summeds Bhat survived from one fall
season to the next were censored and readmittetbtlzaving season. The total
number of days which a bird was observed duringthese of the study also was noted.
Survival rate and standard errors were calculasgtgusoftware program Ecological
Methodology (Krebs 2002). Where data allowed,dduthe log-rank Chi-squared test
(Krebs 2002) to determine differences among anouséasonal survival distributions
by treatment (hunted vs. non-hunted), sex, andchags. | tested differences in survival

from the Chi-squared statisticRt= 0.05.
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Mortality.—.Censored observations or losses from mortality wategorized into groups
based on any available evidence at the recovexymi¢dation (avian, mammalian),
hunted, unknown, and other (trap injury, trap strelsopped transmitter). If cause of
death was not directly known, | noted the most pbdb or “suspected” cause of death.
Summary statistics were compiled based on studyasitl probable cause of censor or

death.

RESULTS
Capture Success and Survival

Trapping was first conducted at Stevens Canyam ffanuary—May 2008, with
10 individuals captured during this time: 4 aduéles, 1 juvenile male, 3 adult females,
and 2 juvenile females (Appendix 1). Survival msties for birds captured during that
period were not calculated because of transmittslpms and censored data. An
additional 4 birds (1 adult male, 3 adult females)e captured in fall 2008 and were
monitored successfully on a more consistent bali® mean number of days (x SD)
tracked for these birds were 24.86 + 18.91 andedrfigpm 5-60 days (Table 2.1).
Three other birds also were captured during thie tibut not tagged (2 died from dog
inflicted injury and 1 died from stress during aael. The number of relocations for
these birds also was limited, however, leadingetasoring early in winter 2008—-2009.
The causes of censoring were: confirmed huntingatityr (n = 1), and suspected

hunting mortalitiesr{ = 3). One radio transmitter was retrieved frohuater with a
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Table 2.1. Finite survival probability estimat&s+(SE calculated using Kaplan-Meier staggered entrygte@ollock et al.
1989) for radio-tagged Montezuma quail in south@aiztona for fall 2008—2009 and winter 2009—sprtif0. Included in
the table is sample size)(for individuals trapped, meanS3D and range for number of days tracked for eaclgoaye

Study site n Mean + SD Range S SE Lower CI  Upper CI
Stevens
All Sexes 4 2486+1891  5-60 0.750 0.217 0.326 1.00
Hog
All Sexes 13 61.77 £ 47.19 7-145 0.400 0.203 0.002 0.798
Ranch
All Sexes 31 62.13 £56.19 2-211 0.236 0.128 0.00 .48®
Subadult Males 13 41.86 + 39.39 2-112 0.238 0.191 .000 0.612
Subadult Females 9 71.4 + 68.08 7-211 0.169 0.151 0.00 0.465
Adult Males 4 60.0 +61.23 13-150 0.667 0.272 0.133 1.00
Adult Females 5 112.0 +52.24  70-185 1.00 0.00 1.00 1.00
Males (All) 17 83.0 £ 64.81 2-150 0.223 0.177 0.00 0.571
Females (All) 14 45.89 + 43.68 7-211 0.360 0.171  028. 0.695
All Sexe$ 24 12.52 + 8.47 2-44 0.048 0.037 0.00 0.120
All Sites
All Sexes 50 42.53 46.54 2-211 0.219 0.090 0.043 0.397

& Winter 2009—spring 2010. All other estimates espnt fall 2008—2009.
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letter describing the location, time, and dateltineé had been shot. The finite survival
probability estimated within this time interval w&s 0.750 £ 0.217 (Table 2.1).

At Hog Canyon trapping was first conducted in 26I08 and captures ranged
from 6 December 2008 to 31 May 2009 (Appendix ifhvit3 individuals captured
during this time. Demographics of captures arfobews: 2 adult males, 1 adult
female, 7 juvenile males, and 3 juvenile femal€se mean number of days (+ SD)
radio-tagged individuals were tracked was 61.77 49 and ranged from 7—-145 days.
There were 4 confirmed mortalities: confirmed ragto= 2), owl suspected(= 1), and
unknown @ = 1). There were 9 censures: suspected mor{alitynown,n = 1),
suspected hunting mortalities € 3), and suspected transmitter failures ). Of the
suspected hunting mortalities, 2 were later cordalras hunting mortalities from reports
submitted through AZGF wing barrel counts. Thetdéisurvival probability estimated
within this time interval wa$=0.400 + 0.203 (Table 2.1). No survival probalast
within the different sex and age classes were Gatled because of low sample size.
Three other birds were captured during this tinug vieere not tagged (2 died from dog
inflicted injury and 1 escaped capture before pseicey).

Trapping was first conducted at the AWRR in Feby@#f09 and capture records
ranged from 12 February 2009 to 11 March 2010 (Appel), with 54 individuals
captured during this time interval. Demographitsaptures are as follows: 7 adult
males, 11 adult females, 21 juvenile males, angiiénile females. One other bird was
captured during this time, but was not tagged bee#uwied from dog inflicted injury.

The mean number of days observed for tagged ingigdin the 2009 season was 62.13

19



+ 56.19 days and ranged from 2—211 days (Table AXubadult male was observed
the least number of days and a subadult femaleoserved the most number of days
(Table 2.1). There were 29 confirmed mortaliti@pdendix I): confirmed raptom[= 7;
1 Northern harrierGircus cyaneus 1 owl, 1 Harris hawkRarabuteo unicinctys
suspected raptonE 8), confirmed mammah(= 1), suspected mammal € 7), frozen
on roost (1 = 3), mortality suspectea € 1), trap injury § = 1), and unknown cause (
=1)]. There were 25 censures: suspected mor&(itie6; unknown), suspected
mortalities from raptorr(= 5), fallen transmitters(= 3), transmitter failuresi(= 9),
injury-rehabilitation ( = 1), and untaggedh & 1). The finite survival probability (Table
2.1) for fall 2008—fall 2009 waS= 0.236 + 0.128 for all sexes and age classes
combined. Finite survival probabilities for sefgaraex and age classes are as follows
(Table 2.1): all males onlyg=0.223 = 0.177; all females on8r 0.360 + 0.171; adult
malesS=0.667 £ 0.272; adult femal&s= 1.00 £ 0.00; juvenile male€s=0.238 + 0.191;
juvenile female$=0.169 + 0.151. The finite survival probability finter 2009—
spring 2010 wa$=0.048 + 0.037. Finite survival probabilities &eparate sex and age
classes were not calculated for winter 2009—s®20Bi0). The mean number of days (=
SD) tracked for birds at the AWRR in 2010 were 22t8.47 days and ranged from 2—
44 days.

The finite rate of mortality (Table 2.1) for altess combined for fall 2008—fall
2009 wasS=0.219 = 0.090. The average of number of daysldmam all sites were
tracked throughout the course of the study was342 %6.54 days, with a minimum of 2

and maximum of 211 days (Table 2.1). Females fbrstudy sites, throughout the
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course of the entire study, were tracked an averfd6.57 + 53.79 days, with a
minimum of 2 and maximum of 211 days (Table 2¥gles from all study sites,
throughout the course of the entire study, werekzd an average of 36.47 + 38.89 days,
with a minimum of 2 and maximum of 150 days.
Hypothesis Testing

A large sample size and low censure ratio at theRRNor the 2009 season
allowed for Log rank Chi-square comparisons (Pddletal. 1989) of weekly survival
probabilities amongst different age-sex classeaadib-tagged Montezuma quail at that
site. Analysis of survival probabilities were coigted for these groups where relocation
histories overlapped within and between the diffeege-sex classes. | found no
significant differences when comparing weekly sua/probabilities between all males
and all femalesyf = 0.01,P = 0.920), between adult males and adult femafes (.33,
P = 0.566), between all juveniles and all adujfs< 0.1.41,P = 0.235), between
juvenile males and juvenile femaleg € 0.030,P = 0.863), or between adult males and
juvenile males)? = 0.00,P = 0.1.00). The test comparing weekly survival prolitis
between adult females and juvenile females alswstimo significant differenced =
0.2.77,P = 0.096), but showed a trend supporting higher sahpvobability for adult

females.

DISCUSSION
Sources of mortality and the survival demograpbidslontezuma quail were
examined in-depth for the first time, through tlse wf radio-telemetry, in my study

from 2008—-2010. Though scientific literature parsg an abundance of information of
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probable sources of mortality in Montezuma quaitrirfield observations (Leopold and
McCabe 1957, Brown 1979, Bishop 1964), none ofdlsmirces provide actual rate of
mortality and estimates of survival at the popolatdr covey level. Stromberg (1990)
provided the first estimates of survival and docoted sources of mortality, but from a
limited sample sizen(= 15). His study noted the mean number of days$dgged birds
were alive was 28.45E= 8.9), with the longest time a tagged bird wasenbed, before
falling to predation, being 140 days. Results froystudy, with a sample size of 77
radio-tagged birds, spanned the course of 3 yeaosa3 different study sites in
southeast Arizona. Problems faced with radio-tratisr methods in previous studies
(Stromberg 1990, Hernandez et al. 2009) were oveeda my research and | was able
to track birds an average of 42.53 + 46.54 day#) thie maximum number of days an
individual bird was tracked being 211 days. Mysmitter attachment method, and
slight modifications made to the design (still @gsthe standard back-pack transmitter
design with loop-hole attachment to the wing) weaasl@ated for their movements and
survival. Radio-tagged quail were flight-testedewhieleased to assure that the
attachment did not affect their ability to fly, atidis did not reduce their chances of
survival. My methods had no observable negativgairhon their ability to fly and |
believe did not significantly reduce their surviyabbabilities. Birds that were injured
from trapping and which could not fly were treafedtheir injuries at a wildlife
rehabilitation center and later released: (1) back to the wild or, if not releasabie=

1), remained in captivity at the center. Many biveere recaptured on more than 1

occasion so as to trap other members of their ®wegubsequent trapping sessions, or
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to replace transmitters with drained or fadingdras. Re-trapping of birds seemed to
have no significant impact on their survival. Poig impacts to Montezuma quail
survival from trapping, such as exposing them titaghal predation, or increasing their
risk of exposure to the elements from flushing thefhmoosts, was reduced by not
trapping or flushing birds when increased predatbivity or extreme departures from
normal in climate were observed.

From telemetry data, | evaluated actual estimaitasirvival probability for the 3
study sites, but could not evaluate estimates il for each study site each year. No
survival probabilities within the different sex aade classes were calculated for
Steven’s Canyon because of low sample size. Fasgason from fall 2008—fall 2009,
survival probability was very high for Steven’s @an (S= 0.750), moderate for Hog
Canyon §= 0.400), and low for the AWRR5E 0.236). For all sites combined, from
fall 2008—fall 2009, survival probability was loB € 0.219). For the season from
winter 2009—spring 2010, survival probability wagremely low at the AWRRY =
0.048). Estimates of survival in my study, derivexn the Kaplan-Meier staggered
entry design (Pollock et al. 1989), were most aateufor results obtained at the AWRR
study site. A large amount of censored data reguit smaller sample sizes at Stevens
Canyon and Hog Canyon and prevented estimatesa¥alfor those sites. The major
problem at Stevens Canyon, the first pilot studdaan early 2008, was identifying why
transmitter signals were being lost from birds naneid from January—May 2008. Loss
of transmitter signals or birds moving out of rangere considered likely causes. Faulty

transmitters were largely responsible, leadingetasored data and inability to estimate
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survival probabilities. Long-distance movementsaafio-marked birds, outside of the
immediate range, were first thought to be the gobin relocating birds, but this was
not the case. Most birds would be visually reledawith pointing dogs, within close
vicinity of where they were captured, and often tradsmitters attached that were not
producing a signal.

Issues with faulty transmitters were resolvedftiewing seasons and this
allowed me to conduct a more thorough analysisinfigal at the AWRR by both
gender and age class. The Log-rank Chi-square aasom of survival probabilities at
the AWRR noted no significant differences betwekkrnariations comparing age and
gender classes. Sample size within the Stevenddbasaryyd Hog Canyon sites was low so
hypothesis testing to note differences amongstagdesex classes also was not
conducted for those sites. Another problem inysialwas dealing with censored data
from possible hunting mortality. This complicat@dprevented proper analysis of
survival probabilities for both Stevens Canyon &lud) Canyon. | could not control for
unreported cases of tagged birds that were letailsn under permit from those 2 sites.
Results for Stevens Canyon and Hog Canyon werediasright-censoring due to
excessive amount of transmitter failure and unrigglomortalities from hunting. Birds
which were potentially dead could not be statidiydaeated as mortalities, thus
artificially inflating estimates of survival probiity. The impact of right-censoring on
inflating survival estimates is best observed ftavBn’'s Canyon where the survival
estimate was extremely high and also includedgelatandard erroS= 0.750, SE=

0.217) and wide lower—upper confidence intervé326-1.00). Such high survival
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probability is not very realistic for quail species the time frame in which the study
was conducted. The survival estimate for Hog Carwas more realisticS= 0.400, SE
= 0.203), but was likely inflated from birds tha¢mt unaccounted and were censored
from December—January during the hunting seasaral&e of those problems,
hypothesis testing to compare weekly rate of mibythetween experimental and control
treatments was not conducted. The mean survighigtility when combining all 3
study sites was low to moderat&<0.219, SE = 0.090) and had a reasonable lower—
upper confidence interval (Table 2.1). That comedimean survival probability seems
like a reliable estimate for the southeast Arizoe@ion as a whole and is comparable to
rate of mortality observed for other North Americarail species.

Most mortality of Montezuma quail is likely notuted to hunting; natural
factors relating to changes in habitat quality elnthate probably create the biggest
impact on their survival (Leopold and McCabe 19%6&ager 1966, Heffelfinger and
Olding 2000). This may be partly responsible tiw Isurvival probabilities listed for
tagged birds at the AWRR from 2009-2010 followingt@chastic events—a large and
severe wildfire in May 2009 (Chavarria et al. 26[1&nd a severe winter storm from
winter 2009-2010 (Chavarria et al. 2012 This is especially true for the winter storm
since, in addition to radio-telemetry, severe drogsopulation abundances were
documented across the 3 study sites in 2010 fragradsisted flush-count surveys
(Chavarria et al. 2018. Natural predation, from avian predators suchedstailed
hawk Buteo jamaicens)sCooper’s hawkAccipiter cooperi), and great-horned owl

(Bubo virginianug, likely account for the second greatest propartdmortalities—
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especially of hatchlings and naive juveniles—fraarefall to late winter. Predation by
meso-mammals such as coyd@afis latran3 and bobcatl(ynx rufug also accounted
for other sources of mortality. Stromberg (1996eld the causes associated with last
observations of his birds due to transmitter fal@r= 7), raptor predatiom(= 5), and
some canid predatiom £ 3) likely attributed to coyoteC@anis latrany. My research
noted higher incidence of confirmed and suspectedation by avian raptors for all 3
study sites. Predation by coyotes and bobcatsussected to be high at the AWRR
following the loss of cover following a severe viitd that occurred in May 2009 and
during the course of severe winter weather from92Q010.

Estimates of hunting mortality for this quail alse likely much higher than that
reported in the literature. Leopold and McCab&{)SIlaimed that “hunting has no
bearing whatsoever on populations”, which is cagtta opinions by other biologists
that have studied this species. Lopez and Lop@¥1() claimed that Montezuma quail’s
behavior of holding still after being flushed wassky behavior that put it at additional
risk of hunting mortality. Vorhies (1928) speceldtthat then current and historical
hunting of the gamebird in Arizona likely explaingsi scarcity throughout the state.
Most literature on the impact of hunting mortalifyMontezuma quail forms its basis on
evidence drawn from hunter surveys, counts of wirgdantarily submitted by hunters,
check-station surveys, or estimates of abundarmeducted from flush-counts
(Heffelfinger and Olding 2000, Bristow and Ockesf2D00, Yeager 1966). Sources of
information drawn from hunter surveys, wing-coumtsd check-stations are limited in

many ways and thus reduce the accuracy of estighafild populations. Those data
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should be compared with more accurate means oha&istig population abundances and
densities such as that provided by a combined Uesti-count surveys with
monitoring via radio telemetry.

Historical estimates of population abundancesdersities of Montezuma quail
in southeast Arizona lack accuracy because thensusficient data to account for rate
of emigration and immigration between adjacent taébior landscapes (i.e., canyons,
mountain ranges). Hypothesized rate of recruitra@dtmortality derived from past
studies, therefore, need to be reevaluated. Withoeurate estimates of range size and
movements within a local area one is at risk ofresemating the number of coveys in
an area, and thus overestimate the local populatpdouble-sampling the same birds
that move between adjacent hillsides, ravines,patches of useable habitat. Stromberg
(1990) cautioned that, because of Montezuma quais site fidelity and small use
areas, “frequent and intense hunting pressurecpkatly with trained bird dogs, can
lead to virtual elimination of quail where huntemgity is high, and thus should be
considered as a conservation issue by land mariagafermation from this research,
especially that regarding estimates of Montezuneal ganges, need to be incorporated
into future studies in order to more accuratelyleai@ actual rate of mortality
throughout southeast Arizona—with particular emphasareas where they are exposed

to more frequent and intense anthropogenic pressueh as grazing and hunting.
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CHAPTER IlI ©
SEASONAL RANGE AND MOVEMENTS OF MONTEZUMA QUAIL

IN SOUTHEAST ARIZONA

SYNOPSIS

Historical assumptions about Montezuma quail mamisiand ranges at the
population level are limited due to the lack of kiegcapture studies on this species
from which solid conclusions can be derived. Apiaoin 1 study using radio-telemetry,
which was limited by sample size, much remainechomin about this quail’'s range and
habitat use. Such information is crucial for esting@population sizes, densities, and
rate of emigration and immigration throughout thedscape. My study examined range
size and movements of 65 Montezuma quail in sosth&azona from 2008-2010. |
used radiotelemetry to follow radio-tagged bird8istudy sites that varied in vegetation
composition and topography. | used the fixed keesgémation method to derive 95%
and 50% utilization distributions (UD) and the nmmim convex polygon (MCP) method
to describe range size. | evaluated these ramzgs fr different age and gender classes
and compared these between and within study sidescriptive statistics were also
derived to note mean maximum distance moved byiddals, maximum linear
distance moved by an individual, average distanoeeah between observations, and

distance between first and last observation.

“Part of the data reported in this chapter is repd with permission from “Post-fire succession and
Montezuma quail in a semidesert grassland of sasth&rizona” by Chavarria, P. M., N. J. Silvy, R. R
Lopez, C. Hass, and L. Kennedy. 2012. ProceedifiteedNational Quail Symposium 7:339-345.
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| found that mean seasonal range size (95% UD)alwaat 60% higher at
Stevens Canyon, 63% higher at Hog Canyon, andlighker at the Appleton-Whittell
Research Ranch (AWRR) than the largest use arelaa(b@escribed in the literature for
this species. The largest MCP range estimaterfamdividual (206.65 ha) also was far
greater than that reported in the literature. Withseason, the largest mean maximum
distance moved between 2 locations was 1,128.38156n and the largest maximum
linear distance between 2 locations for an indiglduas 2,375.5 m. Differences in range
size between gender and age classes were obsatveeen 2 study sites, but
similarities within age classes were observed betwvibe 2 sites. Females had larger
mean UD areas than males, even when comparingwvatie classes. Within gender,
both hatch-year males and females had larger m&aartlas than after-hatch-year
males and females at Hog Canyon. The oppositd tkas observed at the AWRR, for
the 2009 season, when comparing range size betwales and females—AHY males
had slightly larger mean UD areas than AHY femaled, similarly, HY males had

much larger UD areas FK95 UD areas than HY females.

INTRODUCTION

Understanding the range and movements of wil@lifpulations is integral to
their conservation. Ecological knowledge aboutgpatial-temporal dynamics
associated with a species’ life history, habitat, @d habitat requirements is especially
important for management of game species in Norttedca. Of North American
gamebirds, much is known about northern bobwli@@i(us virginianuy and scaled

quail (Callipepla squamatgbut few studies in the literature have evaludbed
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movements and range of Montezuma gu@yr(onix montezumae mearhskKnowledge
gaps associated for this species have been in pargelue to the difficulty of locating
and monitoring wild populations of these secrebires as well as a lack of more
efficient and effective methods for their capturemark-and-release studies. Much of
what is known about Montezuma quail ranges in itkeeslure is asserted from anecdotal
evidence and casual field observations of wild pajans.

Claims about abundances and population densitiadacal area can be derived
with some certainty through the dog-assisted flemnt method, but any other
conclusions about covey home ranges lack consiteagiouracy if those populations
are not monitored through a mark-recapture methddahech radio-telemetry provides
one such means. Of the few radiotelemetry stuatiesnpted for this species in the
literature, only Stromberg (1990) was successfigstimating, to some extent, the range
size of this species. Stromberg’s (1990) limitachple size, however, reduces the
power from which conclusions can be derived andhygses tested regarding this
species’ movements and range throughout the lapdsca need exists, therefore, to
address this knowledge gap to resolve managemdrdanservation objectives for this
species’ distribution across the southeast Arizegson. My goal in this study was to
improve upon previous attempts at monitoring tpscges through radio-telemetry and
to evaluate movements and seasonal ranges of Mongequail. My objectives were to
verify the validity about previous conclusions matb®ut this species’ ranges and, from
comparison to our findings, provide meaningful dosmns which could serve to

facilitate the conservation and management ofgpegies in the future.
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METHODS
Study Site Selection

| selected 3 study sites in southeast Arizona (Eib), separated several
kilometers apart from one another, to evaluateearand movements of spatially
independent subpopulations across the landscapersity of habitat variables,
particularly major vegetation types and topogragmg how these could potentially
impact range and movements, were accounted faudy site selection. Of these sites, 2
were located in public lands managed by the CoromNattional Forest. Steven’s
Canyon, located along State Route 82 in Patag8aiata Cruz County (Fig. 1.2) and
Hog Canyon, also along State Route 82, locateagrclosSonoita, Santa Cruz County
(Fig. 1.3), were both within Coronado NF boundarieinting of Montezuma quail is
permissible at both Steven’s Canyon and Hog Canyaler legal AZGF permit, so
those served as experimental treatments for eviadpjpbtential impacts of hunting on
their range and their movements. The thirds sée at the Appleton-Whittell Research
Ranch in Elgin, Santa Cruz County (Fig. 1.4). Appleton-Whittell Research Ranch
(AWRR) is private land managed with an emphasisesearch on native grassland
communities in southeast Arizona. It is jointlymaged by the National Audubon
Society and Bureau of Land Management (BLM). Tlsdarch Ranch is a considered a
“Sanctuary” and, as such, does not permit legalimeting, thereby serving as a control
site for evaluating range and movements indeperafentpacts associated to hunting,
grazing, and other sources of anthropogenic pressealized in public lands across

southeast Arizona.
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Capture and Handling

The primary means of capturing Montezuma quail kassing large hoop-nets
(Brown 1976) or throw-nets at night, when Montezuguoail were on their roosts. This
required assistance of trained dogs, which woutdtked birds by scent and hold point
until the quail were cautiously approached andwapk by researchers (Chavarria et al.
2012). A lightweight and transportable FLIR (Forwarddking Infra-Red) camera
(FLIR Systems, North Billerica, Massachusetts) s@setimes used to narrow-down
the location of quail by tracking their heat sigmas after a dog had gone on point
(Chavarria et al. 2012a). Wire-cage funnel tréyasted with scratch seed, also were
used with limited success. Other adaptations dica(i.e., recorded call-backs) and
visual lures (i.e., taxidermied mounts) also wemastimes used in conjunction with
these funnel traps.

Captured birds were placed into individual clatlokss, transported in a small,
mobile field holding pen at the trap location, daigr fitted with numbered aluminum
leg bands (Appendix I) and a loop-hole, wing-modntaortality-sensitive, backpack
radio-transmitter (about 5-9 g, less than 5% ofylaaght; 150.000-151.000 MHz;
Wildlife Materials, Murphysboro, lllinois, USA; Teimetry Solutions, Concord,
California, USA. | recorded gender, age, weightwall as morphological
characteristics such as wing length, tail lengdadand bill length, culmen length, bill
width, bill depth, and tarsus length for each indliial. | determined approximate age of
birds by examining fully developed presence of aglmage on the facial feathers as

well as the primary coverts using methods develdpegrevious researchers (Leopold
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and McCabe 1957, Stromberg 1990). Adult birds alse referenced as After-Hatch-
Year (AHY) and juveniles and sub-adults were rafeesl as Hatch-Year (HY). Most
birds caught in night-trapping sessions were he&trmght in a holding pen at the
research station in Patagonia, Arizona or at thelé&pn-Whittell Research Ranch and
released before daybreak the following morningid8that were injured during the
course of trapping were kept for 1-2 days in ainglghen at the research station and
allowed time to recuperate. If a bird was nonaséable due to serious injury after 1-2
days, they were taken to a wildlife rehabilitatmenter (Liberty Wildlife Rehabilitation,
Prescott, Arizona, USA) and treated for injuriéstreatment at the rehabilitation center
was successful, birds were radio-tagged once agalmeleased back into the wild. If
not, the wildlife rehabilitation center became @sgble for the care and oversight of
non-releasable birds.
Radiotelemetry

| intended to fit at least 16 transmitters stratifoy age class (i.e., juvenile or
adult) and gender, among 3—4 coveys at each sttedyEhis would allow for
comparisons of range and movement within theseréifit classes and provide a
moderate sample size for statistical evaluatiorB-édlement Yagi antenna and ATS
receiver Advanced Telemetry Systems, Isanti, Minnesota, US&e used to track
individuals by vehicle from roads and off-road lpt. Radio-tagged individuals, and the
coveys with which they associated, were generatinitored at least 3-5 times a week
at random times stratified by day (0700-1900 houvken quail were most active, or

night (1901-0659 hours), when quail were primasitytheir roosts. An exception to
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this was the 2010 season where only the AWRR ste monitored; the relocation-to-
day ratio that season was about 1:1. All dataectdld, including quail sightings and
guail sign (i.e., tracks, nesting sites, roostgadmg sites), was entered into a database.
Exact times and locations of visually relocatedlbwere georeferenced with a Garmin
Legend GPS unit using Universal Transverse Merdat®M) coordinates in the
NAD83 datum. Software programs ArcView 3.2a GISK& 2000) and QGIS
(Quantum GIS Development Team 2011) were usedauase maps of location data
using available 1:24,000 topographic maps [7.5-temuadrangle, United States
Geological Survey (USGS), Denver, Colorado, USA] ather available GIS layers.
Triangulation of radio-tagged individuals was coatgd to estimate the locations
of birds when they could not be visually relocaté&dush relocation and visual re-
sighting was conducted 1-2 times per month prighécbreeding and nesting season.
Triangulation was conducted more often than flugland walks-ins to reduce impact of
field tracking as a possible means of disturbingyemoents of radio-tagged individuals
and their coveys. At least 3 location bearings,damerally 4-5, spaced apart about 5
minutes in interval between subsequent observatiwase used to derive estimates of a
position during triangulation. When fewer < 4) locations were taken, | optimized
bearing angles, where possible, to be 120 degressdne another to reduce error
estimating a location (Saltz 1994). The Maximurkelihood Estimator (MLE; Lenth
1981) function in software LOAS 4.0.3.7 (2010) wiaed to estimate locations of
individuals for which triangulated positions wexdlected. The MLE function was set

to estimate a location with an accuracy of 1.0 X, 1Ging a total of 60 iterations.
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Where few bearings were provided and accurate asggrcould not be derived with the
MLE, | set program LOAS to automatically derivedtion estimates using the
Harmonic Mean (HM) or Best Biangulation (BB) furais. The HM function is “far
less sensitive to outliers than either the aritheaean or the geometric mean, but it is
still a variation of the classical method of detamimg location of a signal” (LOAS
2000). The BB function is used automatically byA®when there are only 2 bearings
available (LOAS 2000).
Range Analysis

Montezuma quail ranges were estimated using Ihattixed kernel range
(Worton 1989) estimator and the minimum convex goty (MCP) method (Jennrich
and Turner 1969) function provided by the Home RaBgtension (Rodgers and Carr
1998) in ArcView 3.2a (Environmental Systems Redeadnstitute 2000). For the MCP
method, | used 100% of the points to estimate tba éha) used. Using the fixed kernel
range method, | estimated the total range (hayetil(95% probability area, FK95) and
core areas (50% and 25% probability areas, FK50F&#&b) for each individual. The
fixed kernel estimator allows evaluation of utiliva distributions (UD) rather than just
simple home range outlines (Kernohan et al. 200&h &is those produced by the
minimum convex polygon method (Jennrich and Tufr®§9). It has advantages over
the adaptive kernel method in that it is less {ikel overestimate a range area (Powell
2000) and it is generally supported as the beshadeturrently available (Seaman and
Powell 1996; Powell 2000; Kernohan et al. 2001g¢as®nal ranges (ha) and core areas

(ha) were calculated for each individual and evigldidy study site, sex, age-class and
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season. Seasons were defined by the years in Wibidhesearch was conducted at
each individual site; these were generally fromuday-August each year, with some
individuals surviving through December. Rangesalbradio-marked individuals, using
FK25, FK50, and FK95 UD distributions (Fig. 3.1-8wkre plotted in ArcView 3.2a
and QGIS.

Statistics for utilization distributions were dexd using software JMP (SAS
Institute Inc. 2007) and include mean hectaregeari hectares, mean days tracked,
range of days tracked, mean number of locatiorgyamge of number of locations for
all individuals, as well as for the different agelasex classes, for each study site. The
Adehabitat analysis package (Calenge 2006) fonsoét R (R Development Core Team
2005) was used to evaluate other seasonal movestaistics including the following:
mean maximum distance moved, maximum linear distamoved by an individual, the
grand mean of distance moved between observatioradl findividuals, and the mean
distance moved between first and last observatoalf individuals. Where sample size
would allow, we would test for differences in raragel core areas by using an
(ANOVA), followed by Tukey's HSD for multiple compigons to separate means when

F-values are significanP(< 0.05, Ott 1993).
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Figure 3.1. Montezuma quail range for AHY mal&¥23howing 25%, 50%, and 95% utilization distribog at
Stevens Canyon 2008—-20009.
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Figure 3.2. Montezuma quail range for HY fema2& ¥ showing 25%, 50%, and 95% utilization distribag at Hog
Canyon 2009.
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Figure 3.3. Montezuma quail range for HY male$2Bowing 25%, 50%, and 95% utilization distribnsat Hog
Canyon 2009.
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Figure 3.4. Montezuma quail range for HY fem&@@showing 25%, 50%, and 95% utilization distribag at the
Appleton-Whittell Research Ranch 20009.
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RESULTS
Montezuma Quail Seasonal Ranges

Stevens Canyon.—Seasonal ranges and utilization distributions veseduated
for Stevens Canyon only for the 2008 field sead@ble 3.1 and 3.2). | tracked 10
individuals for a mean 31.1 £+ 19.0 days, and medrt2.3 for number of locations
(Table 3.1). Seasonal ranges using the MCP medtamtliced small mean range size
(8.7 £ 15.5 ha) for all quall at this site with theerage MCP range size being higher for
males than females (Table 3.2). The mean FK50 kDnaean FK95 UD for all quail at
this site were about 2.3 times and about 9.6 tigneater, respectively, than the mean
MCP for all quail at this site (Table 3.2). Thegest estimated range for an individual
using the MCP method was 49.3 ha and 268.1 ha tisngK95 UD method. Seasonal
ranges also were evaluated for different genderagiedclasses at Stevens Canyon
(Table 3.2). Using the MCP method, both AHY and fé¥hales had substantially
smaller mean range sizes than males (Table 3.2)enWsing the fixed kernel method,
however, this was the opposite. The FK50 and FYBS (Table 3.2) were large for
females than males. A comparison in mean rarggecsiuld not be made between AHY
and HY males because no HY males were capturednanked. When comparing AHY
and HY females, however, mean range sizes weresuariar and did not exceed a

difference of 13 ha (FK95, Table 3.2).

41



Hog Canyon.—Seasonal ranges and utilization distributions vesaduated for
Hog Canyon only for the 2009 field season (Tablea®d 3.2). | tracked 12 individuals
for a mean of 65.3 + 47.5 days and a mean 25.6&% number of locations (Table
3.1). Seasonal ranges using the MCP method prdduoéerate range size (32.3 +44.4

ha) for all quail at this site

Table 3.1. Demographics of radio-marked Montezqguoml used to calculate annual
and seasonal ranges and movements in southeasteom@ 2008—2010. Ages: AHY =
After-hatch-year (Adult), HY = Hatch-year (Juvenile

Study Sex Age N Locations  Locations Days Days
Area (mean £SD) range mean range
Stevens Male  AHY 4 53+3.3 3-10 34.0+23.3 6-60
(2008) Hy 0 ) ) ) )
Female AHY 5 5.4+1.8 3-7 30.8 +19.3 16-60
HY 1 6 6 21 21
Total 10 5.4+2.3 3-10 31.1+19.0 6-60
Hog Male  AHY 1 5 5 34 34
(2009) HY 7 23.9+ 26.0 3-69 61.1+49.9 7-145
Female AHY 1 53 53 97 97
HY 3 27.3+32.3 3-64 74.7 +61.3 10-132
Total 12 25.6 + 25.8 3-69 65.3 + 47.5 7-145
Ranch  Male  AHY 4 22.8+23.0 8-57 60.0 + 61.2 13-150
(2009) HY 8 29.9+23.6 6-63 57.6 +39.7 8-112
Female AHY 4 36.3+17.9 14-57 112.0 +52.2 70-185
HY 8 34.1+31.6 4-92 78.9+72.8 8-211
Total 24 31.2 +24.6 4-92 742 +57.7 8-211
Ranch  Male  AHY 3 73+21 5-9 9.0 £5.0 4-14
(2010) HY 7 10.4 +5.7 7-22 10.4 3.7 7-18
Female AHY 5 17.0 +10.9 10-36 20.0 +13.8 11-44
HY 4 14.0 £ 4.9 10-21 13.8+ 3.6 11-19
Total 19 12.4+7.3 5-36 13.4+8.4 4-44
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Table 3.2. Seasonal ranges [95% fixed kernelidigton (FK95), ha; 50% fixed kernel distributiofK50), ha; 100%
minimum convex polygon (MCP), ha] for radio-markddntezuma quail in southeastern Arizona, 2008—-284@s: AHY =
After-hatch-year (Adult), HY = Hatch-year (Juvenile

MCP FK50
Study Sex Age N Mean £SD Range Mean £D Range Mean £D Range
Area
Stevens  Male  AHY 4 13.0 £ 24.2 0.5-49.3 143 %217 2.0746. 55.8 + 85.4 7.9-1835
(2008) HY o ) ) ) ) ) )
Female AHY 5 5.9+8.2 1.2-20.4 24.1+25.9 3.1362.  104.0 + 110.2 12.7-268.1
HY 1 5.2 5.2 19.1 19.1 91.7 91.7
Total Al 10 8.7+155 0.5-49.3 19.7 +21.9 2.0:35 83.5+91.7 7.9-268.1
Hog Male  AHY 1 2.5 2.5 5.0 5.0 17.7 17.7
(2009) HY 7 24.4+34.1 1.1-97.7 14.1+9.8 3.9-30.9 2665.5 14.7-196.9
Female AHY 1 24.4 24.4 6.5 6.5 37.0 37.0
HY 3 63.2+72.4 1.5-142.9 23.2+2.4 21.5-26.0 .41930.3 85.0-142.2
Total Al 12  32.3+444 1.1-142.9 15.0+9.4 3.0:8 78.8 +59.4 14.7-196.9
Ranch Male  AHY 4 57.3 +99.6 3.5-206.7 18.4 +22.7 4.4951 94.6 +129.3 17.6-287.0
(2009) HY 8 41.9+37.6 9.5-98.3 30.1+28.7 7.5-85.7 426118.8 32.4-349.5
Female AHY 4 42.3+14.2 25.5-55.8 16.7 + 10.9 3m3 86.1+44.8 32.4-129.7
HY 8 52.6 + 56.1 0.9-150.2 26.2+23.1 1.4-62.4 .33487.8 6.6-228.9
Total Al 24  48.6+524 0.9-206.7 24.6+22.9 BB.7 107.0 £ 96.5 6.6-349.5
Ranch Male  AHY 3 6.6 +4.0 3.8-11.2 8.5+4.2 3.6-11.5 28155 15.3-43.4
(2010) HY 7 5.1+6.3 1.4-119.0 45+2.8 0.9-9.5 19.71471 3.9-34.4
Female AHY 5 6.3+2.9 2.4-10.5 4.4+32 1.4-9.2 9.6%11.5 6.9-35.5
HY 4 5.6 2.3 3.3-8.2 43+22 1.8-7.0 20.1 #10. 7.6-30.4
Total Al 19 5.8 +4.2 1.4-19.0 5.1+3.1 0.9-11.5 21.9+12.1 3.9-43.4
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with the average MCP range size being higher irafemthan males (Table 3.2). The
FK50 and FK95 means were about 0.5 times lower2addéimes higher, respectively,
than the mean MCP for all quail at this site (Teh). The largest estimated range for
an individual using the MCP method was 142.9 hal®&i9 ha using the FK95 UD
method. Seasonal ranges were evaluated for ditfgender and age classes (Table
3.2), though sample size was limited to 1 individoaboth AHY males and AHY
females. Using both the MCP, FK50, and FK95 meshé&eimales of all age classes had
substantially larger mean range sizes when comgaretle counterparts of same age
class (Table 3.2). The AHY female, however, hathalar MCP range size when
compared to the mean for HY males. Mean rangefeizhe HY age classes was
substantially larger than mean range size for Alg¥ elasses when comparing within
gender (Table 3.2); this was true independent ofhvimethod was used to estimate
range size.

Research Ranch: 2009.—Seasonal ranges and utilization distributions were
evaluated separately for the AWRR for the 2009@ed8able 3.1 and 3.2). | tracked a
total of 24 individuals for a mean of 74.2 + 57ayd and a mean 31.2 + 24.6 for number
of locations (Table 3.1). Seasonal ranges usiagtGP method produced moderate
range size (48.6 £ 52.4 ha) for all quail at thiis with the average MCP range size
being very similar, but slightly higher in AHY malé¢Table 3.2). The FK50 means were
lower for all age and gender classes when compgarBtCP. The HY age classes for
males and females also were larger, by about 1&er compared to AHY age classes

within their genders (Table 3.2). FK95 means weng high: almost twice as large

44



within the AHY age classes and almost 3 times @gelavithin HY age classes when
compared to MCP. The largest estimated rangerfandividual using the MCP method
was 206.65 ha and 349.5 ha using the FK95 UD metBaadsonal ranges were
evaluated for different gender and age classed€TxaB) and sample size was balanced
between AHY and HY classes within gender. Meamgeasize for HY age classes were
much higher than AHY age classes in both the FKEDREK95 estimates when
compared within gender and between genders (Tab)e Range size between AHY
males and females, however, were very similarenRK50 and FK95 estimates. HY
males had both the largest FK95 mean range sizéaegest recorded range size for an
individual this season (Table 3.2).

Research Ranch: 2010.—Seasonal ranges and utilization distributions were
evaluated separately for the AWRR for the 2010@eg§8able 3.1 and 3.2). A total of
19 individuals was tracked for a mean 13.4 = 8ysdmnd a mean 12.4 + 7.3 for number
of locations (Table 3.1). Seasonal ranges usiagt6P method produced very small
range size (5.8 £ 4.2 ha) for all quail at thig swith little difference between the
different age and gender classes (Table 3.2). FR&) means were very similar to
those derived using the MCP method for all agegardier classes (Table 3.2).
However, the FK95 mean range estimates were 3-&dneater when compared to
MCP mean range size (Table 3.2). The largest agtairange for an individual using
the MCP method was 19.0 ha and 43.4 ha using ti9& EKD method. Seasonal ranges
were evaluated for different gender and age clag@ssdsde 3.2) and sample size was

similar between all gender and age classes alththeyk were twice as many HY males
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than AHY males. The AHY males had the largest nraage size (33.2 £ 15.5 ha) in
comparison to all other age and gender classedgBab). AHY males also had the
largest recorded range size for an individual dytins season (Table 3.2).
Statistics on Montezuma Quail Movements

Stevens Canyon.—Movement statistics were calculated for a total @f
individuals at Stevens Canyon for the 2008 sea$ahlé¢ 3.3 and 3.4). The mean
maximum distance moved by all quall at this sites wa@8.4 £ 485.5 m. The maximum
linear distance between 2 locations within the eaofgan individual at this site was
1339.58 m. The grandean for average distance moved between successive
observations for all birds at this site was 302839.1 m. Lastly, the mean distance
between first and last observation was 387.9 +28V. Movement statistics also were
evaluated by gender and age class for the 2008rs¢@able 3.4). The mean maximum
distance moved was highest for females than matesthe HY female had the largest
mean (Table 3.4). Both the AHY females and AHY esalad similar maximum linear
distance moved, but this was lower for the only fdWale observed (Table 3.4). The
average distance moved between observations, theeride variation in standard
deviations, was similar between AHY females and Afdales (Table 3.4). No HY
males were monitored so those statistics are uladl@ifor that age-gender class.

Hog Canyon.—Movement statistics were calculated for a total 2individuals
at Hog Canyon for the 2009 season (Table 3.3 &)d 3he mean maximum distance

moved by quail at this site was 1,068.9 £ 741.2The maximum linear distance
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Table 3.3. Seasonal movement statistics showstgriies (meters) moved between successive obsewvébr radio-
marked Montezuma quail in southeast Arizona, 200892 AHY = after hatch year (adult), HY= hatch yg§avenile).
Statistics include number (N) of individuals, numbé&locations (mean, range), maximum distance rpreximum linear
distance, average distance moved between obsersdtitcean), and distance between first and lastadisen (mean).

Study site

Stevens Canyon Hog Canyon Research Ranch
Year 2008 2009 2009 2010
N Individuals 10 12 24 19
N Locations (mean, range) 5.4 (3-10) 25.6 (3-69) 31.2 (4-92) 12.4 (5-36)
?fnaexgr‘:)“m distance moved 678.4 + 485.5 1,068.9 + 741.2 1,128.4 + 619.5 4451093
Maximum linear distance 1.339.6 2.375.5 2.250.4 894.8
(individual)
Average distance moved
between observations 302.8 +189.1 278.8 +106.0 239.2 + 246.8 156.086
(mean)
Distance between first and 387.9+297.5 373.3+226.5 676.8 + 533.7 227.8%4

last observation (mean)
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Table 3.4. Seasonal movement statistics, by ags @end gender, showing distances (meters) moveedre successive
observations for radio-marked Montezuma quail av&is Canyon, southeast Arizona, 2008. AHY = d&faech year (adult),
HY= hatch year (juvenile). Statistics include nentN) of individuals, number of locations (meamge), maximum
distance moved, maximum linear distance, averagarmte moved between observations (mean), anchciskeetween first

and last observation (mean).

Stevens Canyon

Age Class
N Individuals
N Locations (mean, range)

Maximum distance moved
(mean)

Maximum linear distance
(individual)

Average distance moved
between observations
(mean)

Distance between first and
last observation (mean)

AHY Female

5
5.4 (3-7)
771.3+519.1

1339.6

328.7+£196.8

388.8 + 357.8

HY Female

1
6 (6)
867.6

867.6

305.2

640.6

AHY Male
4

5.3 (3-10)
515.1 + 534.8

1316.4

269.8 + 230.4

323.6 £ 260.7

HY Male
0
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Table 3.5. Seasonal movement statistics, by ags @end gender, showing distances (meters) moveedre successive
observations for radio-marked Montezuma quail ag Banyon, southeast Arizona, 2009. AHY = aftechatear (adult),
HY= hatch year (juvenile). Statistics include nentN) of individuals, number of locations (meamge), maximum
distance moved, maximum linear distance, averagarmte moved between observations (mean), anchciskeetween first
and last observation (mean).

Hog Canyon
Age Class AHY Female HY Female AHY Male HY Male
N Individuals 1 3 1 7
N Locations (mean, range) 53 (53) 27.3 (3-64) 5 (5) 23.86 (3-69)
?{Iﬂag;rg)um distance moved 754.3 1,531.4 + 908.1 312.9 1,023.6 +714.9
Maximum linear distance 754.3 23755 312.9 2043.9
(individual)
Average distance moved
between observations 163.8 377.9+69.9 140.0 27251928
(mean)
Distance between first and 268.7 362.4+22.0 259.8 409.2 + 297.3

last observation (mean)
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between 2 locations within the range of an indiaidat this site was 2,375.5 m. The
grand mean for average distance moved betweenssiwe®bservations for all birds at
this site was 278.8 £ 106.0 m. Lastly, the meatadice moved between first and last
observation was 373.3 £ 226.5 m. Movement stesigtiso were evaluated by gender
and age class for the 2009 season (Table 3.5).mEBa® maximum distance moved was
much higher for HY males and females than AHY maled females and highest in HY
females (Table 3.5). Maximum linear distance maoatsd was considerably higher for
HY males and females than AHY males and femald$, the largest distance moved
(2,375.5 m) pertaining to a HY female (Table 3.5he average distance moved
between observations also was highest for HY neesfemales than AHY males and
females (Table 3.2).

Research Ranch: 2009.—Movement statistics were calculated separatelyher
2009 and 2010 seasons at the AWRR. Movementsifardtviduals were evaluated for
the 2009 season (Table 3.3 and 3.6). In 20098 maximum distance moved by all
guail at this site was 1,128.4 + 619.5 m. The mmaxn linear distance between
2locations within the range of an individual astkite was 2,250.35 m. The grand mean
for average distance moved between successivevaliears for all birds at this site was
239.2 + 246.8 m. Lastly, the mean distance mowetaiden first and last observation
was 676.8 £ 533.7. Movement statistics also weatuated by gender and age class for
the 2009 season (Table 3.6). The mean maximurantistmoved was higher for
females than males when comparing within age cta@&ble 3.6). Within gender,

these means were higher in AHY females than HY feshand higher in HY males than
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Table 3.6. Seasonal movement statistics, by ags @nd gender, showing distances (meters) movegdre successive
observations for radio-marked Montezuma quail atRlesearch Ranch, southeast Arizona, 2009. AHfYer laatch year
(adult), HY= hatch year (juvenile). Statisticslumbe number (N) of individuals, number of locatigngean, range),
maximum distance moved, maximum linear distanceraye distance moved between observations (meahilistance
between first and last observation (mean).

Research Ranch

Age Class AHY Female HY Female AHY Male HY Male

N Individuals 4 8 4 8

N Locations (mean, range) 36.3 (14-57) 34.1 (4-92) 22.8 (8-57) 29.9 (6-63)
?{Iﬂag;rg)um distance moved 1,336.7 + 216.7 1,175.6 + 841.7 942.1 + 840.9 LDEN22.2
Maximum linear distance 1582.8 2250.4 2188.3 1546.3
(individual)

Average distance moved

between observations 198.7+22.1 214.6 +107.1 174.3 + 48.6 316.5+220
(mean)

Distance between first and 535.8 + 398.8 803.3 + 702.0 510.3 + 549.1 704262

last observation (mean)
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AHY males (Table 3.6). Maximum linear distance mdWwy an individual was
highest in HY females (2250.4 m), followed by AH¥al®es. The average distance
moved between observations also was highest indiafes and second highest in HY
males (Table 3.6).

Research Ranch: 2010.—Movement statistics for 19 individuals were evahaiat
for the 2010 season (Table 3.3 and 3.7). In 20mean maximum distance moved
by all quall at this site was 445.0 £ 179.3 m. Tmeximum linear distance between 2
locations within the range of an individual at thige was 894.8 m. The grand mean for
average distance moved between successive observ&tr all birds at this site was
156.0 £ 61.8 m. Lastly, the mean distance movédden first and last observation was
227.4 £ 131.8 m. Movement statistics also werduasted by gender and age class for
the 2010 season (Table 3.7). The mean maximummntistmoved was fairly similar
amongst all age and gender classes, but highelitfdemales (Table 3.7). Maximum
linear distance moved by an individual was higliestHY males (894.8 m) and second
highest for HY females (Table 3.7). The averagtatice moved between observations
was very similar for AHY females, HY females, an¥ khales, but much larger for

AHY males (Table 3.7).
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Table 3.7. Seasonal movement statistics, by ags @end gender, showing distances (meters) movegdre successive
observations for radio-marked Montezuma quail atRlesearch Ranch, southeast Arizona, 2010. AHfYer laatch year
(adult), HY= hatch year (juvenile). Statisticslumbe number (N) of individuals, number of locatigngean, range),

maximum distance moved, maximum linear distanceraye distance moved between observations (meahilistance

between first and last observation (mean).

Research Ranch

Age Class
N Individuals
N Locations (mean, range)

Maximum distance moved
(mean)

Maximum linear distance
(individual)

Average distance moved
between observations
(mean)

Distance between first and
last observation (mean)

AHY Female

5
17 (10-36)
425.5 + 109.4

486.1

135.7 £50.4

201.2+123.6

HY Female

4
14 (10-21)
487.1 +228.5

758.1

157.9+47.5

278.1+248.4

AHY Male
3

7.3 (5-9)
450.8 + 98.6

542.6

230.7 £ 96.7

2729+ 26.7

HY Male
7

10.4 (7-22)
432.32.@3

894.8

137.3+44.5

197.7 880
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DISCUSSION

Montezuma quail movements and ranges were exanonedtotal of 65 birds in
southeast Arizona from 2008-2010. My research avgxl upon samples sizes
examined for this species through radiotelemetmp@past as well as the length of time
radio-tagged individuals were monitored in the wilthough | encountered problems
with radio-transmitter failure initially at the staf the 3-year study, a little innovation
in transmitter attachment and refurbishing methaedtbsved opportunities for successful
monitoring the following years. Radio-tagged bivasuld very rarely drop transmitters
from attachment failure and the use of transmitieic the attachment method did not
seem to impact survival—a problem encountered bgratsearchers in previous
studies. Evidence for this is supported by thé glue for mean number of days that
radio-tagged individuals were followed at each gtsite (Table 3.1) as well as the high
number of radio-tagged individuals that survive@2e2009 in my study. For Hog
Canyon and the AWRR in particular, | was able éxkrsome individuals for as long as
145 and 211 days, respectively. These resultasarihose of the only other previously
successful telemetry study on this species—th&ti@imberg (1990)—wherein the
mean number of days captured birds were known tdibe was 28.43E= 8.9) and the
longest time a radio-tagged bird was monitored aasut 140 days.

Most assumptions in the literature about the siedgmature of this species, and
thus low range sizes associated with it, were sapgdrom our analysis. However, |
documented wider variation in the range sizes aodements of Montezuma quail from

2008-2010 between the various study sites and lage-teatments. Stromberg’s
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(1990) study provides the best data for compariddis.study noted that coveys used
small areas (0.09-6 ha) in the winter, non-oveilagppareas as large as 50 ha in early
spring and that, from June to October, pairs “remdisedentary in small areas, often
smaller than 2 ha” (Stromberg 1990). Coveys irshisly were consistently relocated in
the same small areas and usually within the same’%0ea (Stromberg 1990). The
mean distance between relocations, on sequenyal daserved by Stromberg (1990)
was 97.8 m$E= 15.1) from January to March, but increased #.99 SE= 56.8) for
some birds from March to May. From July to Octolgtromberg (1990) reported the
mean distance moved between successive days @ben/SE= 47.4). Daily
movement patterns, often noting hourly movementwetys, were examined more
intensively by Stromberg (1990): a small coveyraeked in Post Canyon during
November had small distance movements of 18.6 ni3@anin intervals. A separate
covey he tracked in December moved a mean distzre®8 m GE= 46.4) every hour
(Stromberg 1990).

Unlike Stromberg (1990), | did not track radio-gagd birds by hourly or 30-
minute intervals because | felt such intensivekirag could be intrusive and affect the
behavior of birds being monitored in the field. Mezuma quail, especially those using
open grasslands on arroyo bottoms, could ofterctiagefrom over 50 m and would
flush into dense cover. Such aversive behaviouhdgsired impact on observing
natural movements and determining accurate raregsdor radio-tagged individuals.
These observations compelled me to monitor birsts fikequently and from further

distances in the field. Time invested in nighppeng reduced the number of days spent
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relocating birds at sites where trapping was cotetlithe previous night. Time invested
in monitoring birds also was divided between migtigtudy sites a given week such that
no 2 sites could be monitored for the same tim@afior a given day. This explains the
low relocation-to-day ratio in my data from 2008620 In general, tracking less often
allowed for reduced accidental flushing of covegsaaveekly basis. Though this
method reduced the number of relocation event®ipgper day of a given week, this
less intensive monitoring also probably accountsigher survival rate of radio-tagged
birds in my study. Less intrusion in the fieldateduces the potential of contagion in
aversive behaviors between marked and unmarked/soradio-tagged birds that
continually feel harassed or threatened in an mx@alearn to avoid that area (e.g.,
predator evasion) and other untagged coveys witbhwthey associate also may follow
suit. Our method, therefore, allowed me to imprthesaccuracy of estimating range
areas with less worry that my monitoring activitasificially impacted estimates of

their utilization distributions.

Range estimates in our study spanned from lateemia late summer, with
exception to the 2008 season at Stevens CanyogCGitiseason the AWRR where data
were limited to only late winter and early springean seasonal range size (FK95 UD)
was about 60% higher at Stevens Canyon, 63% haghtéog Canyon, and 47% higher
at the AWRR than estimates of the largest use(@&f®ha) derived by Stromberg (1990).
The only exception was for the AWRR in 2010 wherednyge size (FK95 UD) was
about 44% lower than the largest use area Stron{h88f) observed. Estimates of

FK50 UD core areas show some similarity to the bosd areas described by Stromberg
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(1990) for winter ranges. Relative comparisonsliamade between estimates of ranges
for winter, late summer, and early fall derivedStyomberg (1990) to those derived in
our study by examining both MCP and FK50 (or FKPB)s. Estimated mean FK50
core areas in my study were about 31% higher aegtCanyon, 40% higher at Hog
Canyon, and about the same at the AWRR, in congatsthe small use areas
described by Stromberg (1990) for those seasohs.aVerage MCP areas in 2010
parallel the small-use areas described by Stromd&@0) for winter ranges and the
mean MCP for all age and gender classes are sitoithe maximum use-area (50 ha)
described by Stromberg (1990). My research preve@adence for how use areas are
reduced when extreme changes in seasonal climete (€havarria et al. 20b2 or
when pairs have formed and breeding and nestitakisg place. Data for the 2010
season at the AWRR serves as an example of hoeneatshifts in climate may
temporarily contract this species’ range. Sevdrgenweather that year (Chavarria et
al. 201d) reduced the largest FK95 UD (43.4 ha) and FK50(IWD5 ha) observed for
any individual (AHY male #247) and the average FK8% and FK50 UD for all birds
at that site were both about 79% lower than theipos winter season—which did not
deviate from climatic normals. Other stochastaides, such as wildfire, or
anthropogenic pressures, such as increased gnaaegure, may impact the range size
of these birds. A wildfire that occurred in Mayd®0at the AWRR had the potential to
both limit movement and range size of individuaise to a corresponding decrease in

available cover, or increase movements and razgeosiindividuals that took advantage
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of changes in habitat made available in variougestaf post-fire succession (Chavarria
et al. 2012).

Large-scale migrations were not observed in mghysaind the maximum linear
distance between locations observed for an indalif¢dY female #211) was at Hog
Canyon and did not reach beyond 2.4 km outsidevtheer range. At the AWRR, a
female (#240) made a large (~1.4 km) transitionidatthe center of her winter range to
a new core area for nesting and 2 HY females (#&2tb#226) had the maximum linear
distance between locations, but this did not ex@&8dkm. In 2010, the maximum linear
distance between locations (849.8 m) belonged td¥amale (#705). Maximum
distance moved and average distance moved betvibsenvations was fairly similar
between a hunted (Hog Canyon) and non-hunted (AV4RR)n the post-hunting
season. Multiple individual® (= 5) at the AWRR had FK95 UDs above 200 ha, with
the largest area reaching 349.5 ha. At Hog Canyaly a few individuals had FK95
UDs above 100 ha, with the largest area reachibg®l®a. Differences in vegetation
type and topography may impact movements and rsiggs in ways that differ from
common assumptions noted in the literature. A canmspn of FK95 UD areas for
individuals captured at Hog Canyon and the AWRRHtively the same time, and
tracked for a similar number of days (i.e., #21d #8212 at Hog Canyon, #215 and #216
at AWRR), supports this hypothesis. Reduced FKBGatkeas at Hog Canyon might be
explained by the increased availability of canopyer (e.g.Quercusspp.), more
rugged topography, or a combination of those 2ofactBy contrast, larger FK95 UD

areas at the AWRR might be a function of reducetbps cover, overall less rugged
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topography, or a combination of those 2 factorem@arison between genders and
different age classes, and the interaction of thelse revealed some important
differences that occur in both range size and mevesa These differences need to be
examined further in future studies with larger slgizes of radio-marked birds in
hunted and non-hunted sites that also accountiverse landscape features.

In summary, range size and movements varied oy stile and may be
explained by differences in features at the lanpis@nd microhabitat level. Differences
in range size between gender and age classes i&eved between 2 study sites, but
similarities within age classes were observed betwvike 2 sites. My data corroborates
historical assumptions about relatively small rasiges for this species, but my
estimates are much larger than those presentée itdrature. Reduced sample sizes
did not allow me to test statistical differencesdar observations. Further research is
recommended to lend further support to conclustyag/n from this study and is
warranted for developing better management andeceason strategies for this species

in southeast Arizona
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CHAPTER IV
LANDSCAPE CHARACTERISTICS OF MONTEZUMA QUAIL

HABITAT USE IN SOUTHEAST ARIZONA

SYNOPSIS

Montezuma quail@yrtonix montezumae mearhbabitat use at second and
third-order scales has remained largely unexamtmgdrically due to a limited or lack
of mark-recapture and telemetry studies from wimica can draw such conclusions.
Existing habitat use models derived in Geographiicrimation Systems (GIS) thus lack
the accuracy needed for conservation of this spaciere management actions for its
habitat are concerned. Further review also is eged assumptions of Montezuma
quail habitat use drawn from daytime flush sitaighttime roost site observations in
previous studies. Such studies have been limitexhly a few vegetation associations
where this species is typically expected to ocdlw.resolve these knowledge gaps and
examine previous assumptions cited in the liteeatuevaluated landscape
characteristics of Montezuma quail habitat useointtseast Arizona using georeferenced
point data from 3 study sites combined from flushveys and radiotelemetry.
Specifically, | evaluated habitat use for elevatiaspect, ruggedness (a combination of
slope and topography), and major Gap Analysis RgiGAP) vegetation associations.
| first explored the data by conducting a continggeanalysis, using a Chi-square test, to
determine if there was a significant difference,8aategories of aspect, between those

points selected by Montezuma quail compared togamidcations. | then combined all
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landscape variables into a model and used logistieession to examine which
components Montezuma quail were selecting for wdmenparing actual locations to
random locations.

| found that Montezuma quail will use other vegetatypes more so than
Madream oak woodlands and Encinal Mixed Oak, wkiezg are typically expected to
occur. Populations at the Appleton-Whittell ReshdRanch (AWRR) predominantly
used Semidesert-Mixed Grass, mostly represent&hbgton $porobolus wright)i
bottomlands, even when the Encinal Mixed Oak vegetdaype was available within
their immediate range. Where sacaton bottomlarglakaent from a populations range,
most quail conformed to observations noted in itieeature and selected for Encinal
Mixed Oak rather than more open grasslands. Ifalsed that elevation, ruggedness,
and the interaction of these are significant conepds for Hog Canyon, whereby qualil
selected for high elevation and more rugged topagra At AWRR, elevation was a
significant component for the time-independent alhtime-dependent tests, but
ruggedness was only significant for time intervél 200-1459 hours) and interval 3

(1500-1859 hours).

INTRODUCTION

Conservation of North American quail species rezpithat ecological
knowledge gaps be minimized in order to more effett manage them at local,
regional, or larger scales. For Montezuma qu2yir{onix montezumae mear)si
distribution and habitat use at local and landscaad¢es have been poorly understood

because of past difficulties with mark-recapturelsts (Hernandez et al. 2009). Much
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of what is known about their range and habitatisseferred from observations noted in
informal surveys or those determined from dog-#&sdifush counts (Fuertes 1903,
Wallmo 1954, Leopold and McCabe 1957). Most sauafditerature note a strong
association of Montezuma quail in Arizona to Madreaergreen woodlands of oaks
and pines (Brown 1989). However, this speciesbieas observed in other diverse
habitats with rough topography, ranging in elevagifrom 1,219.2-2,895.6 m, wherever
there is sufficient grass cover (Bishop 1964). tiibhgtion maps generated with GIS
using habitat suitability models are sometimes dsedonservation purposes of some
quail species (Bristow et al. 2005). Such modalgtbeen developed for Montezuma
quail (University of Arizona 1999) albeit with lineid and less accurate data about
landscape features that may comprise suitabledidbitthis species. Without the use
of radiotelemetry to track marked populations, egats have only been able to make
generalized assumptions about this species’ rang¢he spatial-temporal dynamics of
how it interacts with its habitat in terms of elaga, vegetation associations, and other
prominent landscape features.

Stromberg (1990) made headway into this knowlegigewith a study conducted
in southeast Arizona. He was the first to suceglysfollow this species through
radiotelemetry and his research painted a cleacturp of how this species used habitat
at finer scales; thus, providing refined insigmoitheir spatio-temporal movements and
habitat selection. Along with being able to detexdaily and seasonal range size,
radio-tracking individual movements of marked induals allowed Stromberg (1990) to

assess fine-scale use of vegetation type, peroget,caspect, and slope for daytime
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activities as well as choice in roosting habit@espite these advances, however, a small
sample size and restriction to 1 localized stuthy (Stromberg 1990) reduced the
explanatory power and limited the application afgh findings for this species at
broader landscape and regional scales. Thus, aimensive review of their

movements and habitat choice and requirementsedeatkto build more accurate habitat
suitability models and better understand the ptssiktent of their range in the
landscape and regional scale.

Efforts to further examine spatial components aintézuma quail habitat use
now are facilitated from monitoring data from mgeat research. With the acquisition
of a moderately large sample size of radio-taggetsand flush-counts surveys from
2008-2010, that were collected from a diverse raridgeabitats throughout southeast
Arizona, a more refined analysis of Montezuma gseliéction for landscape features
were conducted. My goals in this study were tdieate how Montezuma quail selected
for landscape features such as major vegetati@tiasi®ns, elevation, topographical

ruggedness, and aspect throughout southeast Arizona

METHODS
Study Site Selection

Three study sites were selected for evaluatingdeajge characteristics of habitat
use by Montezuma quail in southeast Arizona. Therfactors influencing choice of
study areas in this evaluation were diversity poigraphical features (e.g., elevation,
ruggedness), diversity in dominant vegetation cositjum, distance between study areas

for independence of sampling, and presence or abs®rhunting pressure. These areas
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were the same ones used to evaluate home rangeydgghcs of marked individuals
through the use of radio telemetry. All areashwite exception of the Appleton-
Whittell Research Ranch in Elgin, Santa Cruz Couwveye located in public lands
managed by the Coronado National Forest (Fig. 1Sig¢ven’s Canyon, located along
State Route 82 in Patagonia, Santa Cruz County {2y and Hog Canyon, also along
State Route 82 in Sonoita, Santa Cruz County (ER), were both within Coronado NF
boundaries. Hunting of Montezuma quail was pesdith both Steven’s Canyon and
Hog Canyon under legal AZGF permit. The Appletohiif¢ll Research Ranch
(AWRR), jointly managed by the National Audubon Bbgand Bureau of Land
Management (BLM), was private land managed witlemphasis on research on native
grassland communities in southeast Arizona (Fi4). IThe Research Ranch was
considered a “Sanctuary” and, as such, did not péegalized hunting to the public.
Habitat Use Data

Location data for Montezuma quail habitat use wlatgined from a combination
of georeferenced points collected from flush-susvayd radiotelemetry. Trained
pointing dogs were typically used to locate Monteawguail in daytime flush-count
surveys (Brown 1976). Flush-counts with dogs werdcicted periodically, about 2—4
times a month, during 0500-1700 hours, to recoeshghs in covey size and gender
demographics throughout the various study sitléswever, night surveys also were
conducted periodically from about 1900—-0300 hoarglie purpose of trapping quail
and to note choice of roosting habitat. Of 88 Manima quail that were captured from

2008-2010, 80 were fitted with aluminum leg banai$ backpack radio transmitters
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(about 5-8 g, less than 5% of bodyweight; WildMaterials, Murphysboro, lllinos,
USA) using newly enhanced methods adapted fronmetheed by Stromberg (1990) and
Hernandez et al. (2009). Captured quail were edatufor morphological
characteristics (i.e., sex, age, body conditiomgNength) and released before daybreak
the following morning. Radio-tagged birds were ntored about 2-5 times a week
through random hours stratified by day (0700-198@r$), when quail were most
active, or night (1901-0659 hours), when quail watmarily on their roosts. All quail
locations were georeferenced using Universal TransgvMercator (UTM) coordinates
in NAD83 datum.
Vegetation Assessment

Dominant vegetation composition within a studyaanes first evaluated at a
broad scale using GIS layers from the southwesbnatyGAP analysis of vegetation
(Halvorson et al. 2001) specifically for the Soaakgion, southeast Arizona. Arizona
Game and Fish Department’'s Comprehensive Wildldagervation Strategy (AZGF
2006) also was used to describe the major vegetsipes occupied by Montezuma
guail in the southeast Arizona region; these coegdief Plains and Great Basin
Grasslands, Subalpine Grasslands, Madrean Ever@veedland, and in rare instances
Montane Conifer Forest. Hog Canyon, closer toSaeta Rita Mountain range, is
dominated mostly by Madrean Evergreen Woodland\aodtane Meadow along a
moderately rugged and steep topographical contbocated further south along the
Santa Rita Mountain range, Steven’s Canyon hadaginegetative and topographic

characteristics to Hog Canyon, but is less stedpagged. A reduced overstory canopy
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layer was observed in Stevens Canyon whereby tidrdda Evergreen Woodland was
sparser and intermixed with Desert Scrub midstpeces (i.e., Acacia, Mesquite). By
contrast, the Appleton-Whittell Research Ranchtleest the foothills of the Huachuca
Mountain range, consisted mostly of Plains and 3Beain Grasslands dominated by
sacaton bottomlands along the Turkey Creek watdrsMadrean Evergreen Woodlands
were sparsely dispersed amongst most of the lamyg hills at the Ranch, but could
be found in greater abundance and densities alengduthern and eastern borders that
neighbor the Coronado NF.

High resolution orthoimagery was used to deterngereeral vegetation
composition of overstory canopy cover or open daass. For Stevens Canyon, a set of
U.S. Geological Survey (USGS 2007) digital orthaphguarter-quadrangles (DOQQSs)
(raster orthoimages set at 1-m resolution from 20@5e used in GIS analysis. For
Hog Canyon and the AWRR, a set of U.S. Geological&y (USGS 2010) DOQQs, set
at 0.3-m pixel resolution from 2008, were used I8 @nalysis. All DOQQs used
conformed to the Universal Transverse Mercator ()Y pkbjected coordinate system
with a NAD83 datum, spheroid GRS80. Finer-scaluation of vegetation
composition was done from on-the-ground surveysaations associated with
Montezuma quail presence-absence data (e.g., @osht dog surveys and telemetry

data of marked birds).
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Topography Assessment

Topographical analysis of features such as elavasispect, and ruggedness
were derived using digital elevation models (DEXten the 2009 National Elevation
Dataset (NED), the primary elevation data produotipced and distributed by the
USGS (2009). The DEMs for all 3 study sites warteas 1 arc-second resolution
(approximately 30 m). The original DEMs providegdthe NED conformed to the
Universal Transverse Mercator (UTM) projected camate system, but with a North
American Vertical Datum of 1988 (NAVD 88). To alignd be compatible with the
NADB83 datum used for all other GIS layers, the DEMSe re-projected using the
“Warp” function in software package Quantum GIS (Q)GL.7.0 (QGIS 2011).

Elevation data (meters) associated with quail {gdiire., sign, sightings, and
telemetry data) was directly extracted from the SEifiginal DEM using the “point
sampling tool” plug-in in QGIS (2011). For featsrguch as aspect and ruggedness,
individual raster layers were created for eachgine “DEM (Terrain models)”
function in QGIS (2011). The “Aspect” and “TRI (Tain Ruggedness Index” functions
were used to create, respectively, the aspectuggkdness raster layers for each
individual study site. The aspect raster layeoeaisses to each pixel, from the original
DEM, a value ranging from 0—-360 based on the catdlimection a hillside is facing.
The TRI determines “ruggedness” as the mean difterdetween a central pixel and its
surrounding cells (Riley et al. 1999, Wilson et2l07). The ruggedness index serves as
a means of indexing terrain heterogeneity (Rilegle1999), with lower values

corresponding to terrain that is flatter, or maredl, while higher values correspond to
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terrain features that are increasingly associaiddsharp changes in elevation such as
high peaks or large cliffs. As done for elevatithe point sampling tool plug-in was
consequently used to extract aspect and ruggetlrssses associated with each quail
point.
Statistical Analysis

Montezuma quail selection for landscape featuneh as dominant vegetation
type, elevation, aspect, and ruggedness was eegdlbgtcomparing actual quail
locations to a set of randomly generated pointsst,Fa minimum convex polygon
(MCP), encompassing 100% of all actual quail laoadi was generated for each study
site using the plug-in “home range analysis” in Q@&011). To account for random
locations that quail could potentially use justside their observed MCP range, based
on potential movement and range data collected frgmmesearch, an additional 500-m
buffer was extended to the MCP range for Hog Caryahthe AWRR, and a 200-m
buffer was extended to Stevens Canyon. A wideiebuias used for Hog Canyon and
AWRR because of longer ranges and movements olisat\those sites in comparison
to Steven’s Canyon. Randomly generated points generated from locations using
the 100% MCP range including the additional bufféhe number of randomly
generated points was about equal to the numbestoélgpoints for each study site.

Aspect was categorized into 8 nominal values baseal logical range of
azimuths. These designations were as follows:5338 N < 22.5; 22.5 < NK 67.6; 67.5
<E<1125; 1125 < SE 157.5; 157.5 <8 202.5; 202.5 < SW 247.5; 247.5 < W

292.5; 292.5 < NV 337.5. Additionally, where sample size was sidfit, landscape
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feature selection by quail was evaluated accortbirtbe time of day an observation was
made. This was done primarily to control for unegampling effort between time
intervals. Time of day, recorded using militaryt2dur cycle, was partitioned into
categories: Time 1 (07301059 hours); Time 2 (11061459 hours); Time 3 (1500
1859 hours); Time 4 (19000659 hours). These time intervals were designated
evaluate selection by Montezuma quail for landsdeptires based on factors, such as
available sunlight and temperature, which wouldehaagular impact on their activities
and movements during those time intervals. Chaseglcontingency tests, set with a
critical test value oP < 0.05, were conducted using statistical softwar® M (SAS
2007) to explore differences in selection for aspetween actual and random points.
Where sufficient sample sizes for each time intemeas available, the Chi-squared
contingency test was stratified by time interval.

Nominal logistic regression models comparing dgboeants to random points
were evaluated using statistical software JMP QA 2007) for the elevation, aspect,
and ruggedness landscape features at each stadyéitere sample size was sufficient,
logistic regression models incorporated all langsdaatures, including interactions
(e.q., elevation * rugged, rugged * aspect) and atgtification by time interval. The
critical test value oP < 0.05 was evaluated for all tests. Wgldscores are reported
with their corresponding parameter estimates frdtR® 9.0 output (SAS 2007).
Although Waldy? scores “provide an adequate significance indidatoscreening
effects” (SAS 2007), likelihood-ratigf scores are recommended as a more trustworthy

method for evaluating models (SAS 2007, Fox 19%0r this reason, parameter
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significance was evaluated primarily frgfhscores derived from the effect likelihood
ratio tests in IMP 9.0 (SAS 2007). Lastly, whatecuate sample size permitted,
corresponding odds ratios for the nominal categaspect” also were derived using

JMP 9.0 (SAS 2007).

RESULTS
Vegetation Selection

Stevens Canyon.—The dominant GAP vegetation type at Stevens Camythnin
the buffered MCP region consisted of Semidesertefligrass—Mixed Scrub (90.93%),
followed by Encinal Mixed Oak (8.02%), and then Sasert Mixed Grass—Mesquite
(1.05%). Habitat use by quail was very high in Semidesert Mixed Grass—Mixed
Scrub (98.38%n = 61) compared to only 1 observation in the Edditiaed Oak
(1.62%). On-the-ground surveys of quail habita disl not note such a 1-sided
preference for open-grass cover. Quail were asteserved feeding and roosting in
open-grass fields, but much of the daytime actj\psyrticularly around the hottest parts
of the day, were spent within 5-m distance of oyscanopy cover. Hillsides
abundant with mesquit&{osopisspp.) were rarely used by quail except in rare
instances when they would flee there for proteativeer.

Hog Canyon.—. The dominant GAP vegetation type at Hog Canyithimvthe
buffered MCP region consisted of Encinal Mixed @aR.6%), followed by Semidesert
Mixed Grass—Mesquite (15.28%) and Semidesert M@eass—Yucca-Agave
(12.1%). Semidesert Mixed Grass—Mixed Scrub alas mearby, within a 1 km of the

buffer in the region, and some Encinal Mixed Oak—xMan Mixed Pine was present
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within 2 km to the north of the buffer. Quail satied for Encinal Mixed Oak
overwhelmingly (99.5%n = 372), with only a few points located in Semideséixed
Grass—Mesquite (0.5%,= 2). On-the-ground surveys of quail habitat ceefirmed
the overwhelming preference for dense canopy conmrided by oaks within the study
area. Quail were observed feeding in open-gratdsfiat the bottoms of hillsides and
along arroyos and dried creek beds, but abouttas ak they were seen within
conducting the same activities within 5 m of canopyer provided primarily by oaks.
Roosting locations were rarely observed in opesgfiélds and were almost always
within 5-10-m distance of large canopy cover.

Research Ranch.—.The dominant GAP vegetation type at the ReseRarith
within the buffered MCP region consisted mostlyseimidesert Mixed Grass—Mixed
Scrub (76.6%), followed by Semidesert Mixed Grassesijuite (17.88%) and
Semidesert Mixed Grass—Yucca-Agave (5.6%). Quedced for Semidesert Mixed
Grass—Mesquite (68.1%,= 821) far more than Semidesert Mixed Grass—Mixed
Scrub (31.8%n = 384) or Semidesert Mixed Grass—Agave (0.h%,1). On-the-
ground surveys of quail habitat use confirmed therwhelming preference for
Semidesert Mixed Grass—Mesquite. Most of thattaabype within the AWRR was
found within lower-elevation riparian and arroyasynated by sacaton bottomlands.
Observations of different quail coveys noted slthfferences in selection of habitat
types depending on where their coveys resided witte AWRR. Most coveys
primarily utilized sacaton bottomlands if they wevrighin 100—-200 m of their roosting

locations, opting for the greater abundance of lgigiss cover to the sparse overstory
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canopy cover provided by oaks or sycamores at iMRR. A few coveysn(=3)

instead chose to use gentle-sloping hillsides mitlderate overstory canopy, which
directly bordered arroyos and open-grass fieldspide sacaton bottomlands being well
within 100—200 m of their typical roost location®ne covey selected for the open-grass
fields in early spring, seeking cover primarily it the rugged topography and

midstory shrubs lining the dendritic drainages l&mwgentle-sloping hills.

Contingency Analysis of Aspect

Stevens Canyon.—.Sample size at Stevens Canyon was limited to 62
observations, most of which were constrained tdideyobservationsn(= 16). Most
records were missing accurate records for time 46), so the Chi-squared test was not
evaluated stratified by time interval. The Chi-aopd contingency analysis found a
significant difference between actual versus rantlations by aspect (Pearsgre
14.371,P = 0.045).

Hog Canyon.—Sample size at Hog Canyon was modenate 874), of which
most constituted daytime observations=(228). Many observations were missing
accurate records for time € 115), and few observations were accuratelydigbe
nighttime intervalsr{ = 31) so the Chi-squared test was not evaluatatifstd by time
interval. The Chi-squared contingency analysisitba significant difference between
actual versus random locations by aspect (Peafsenl23.058P < 0.001).

Research Ranch.—Sample size at the AWRR was large=(1,206) and
constituted nearly even sample sizes amongst tesignated time intervals (time

interval 1,n = 210; time interval 2n = 312; time interval 3 = 313; time interval 4n =
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210). Observations that had missing or inaccunate recordsr{ = 161) were omitted
from analysis. The Chi-squared contingency ansliggind a significant difference
between actual versus random locations by aspeatlfome intervals (time interval 1,
Pearson?= 54.677 P < 0.001; time interval 2, Pearsgh= 44.295P < 0.001; time
interval 3, Pearsogf = 37.431P < 0.001; time interval 4, Pearsgh= 36.589P <
0.001).

Nominal Logistic Regression Analysis

Stevens Canyon.—.Sample size at Stevens Canyon was small so a éalkin
stratified by time and including all landscape teas could not be evaluated. Instead, a
model with only elevation, ruggedness, and theaat®on between elevation ruggedness
was evaluated. Results for the model indicatedifierence in selection between
actual and random landscape features in the mgtel2 67,P = 0.44).

Hog Canyon.—A full model integrating elevation, aspect, andgegness was
evaluated for Hog Canyon. Stratification by timeerval was not evaluated because of
limited sample sizes for each interval. Modelsingsall possible interactions between
the landscape features sometimes produced unséshies in IMP 9.0 (SAS 2007).

This was likely due to there being more paramatetise model than could be estimated
by the data or “sparse” data where there were femoagepeats of each setting of the
covariates (SAS 2007). The number of variablasteractions between variables was
then reduced to allow model testing. The regressiodel that was selected evaluated
elevation, aspect, ruggedness and the interacétween elevation and ruggedness. The

full model showed that some landscape featuresréiff significantly between actual
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and random pointg{= 170.76,P < 0.001, AICc = 889.928), thus rejecting the null
hypothesis the full model for points actually sébelcby quail is no better at explaining
the selection than a random distribution for abertvations.

The effect likelihood-ratio test suggests all th@n parameters were significant
(Table 4.1): elevationgf = 7.80,P = 0.005), aspecyf = 112.24P < 0.001),
ruggednessyf = 13.97,P < 0.001), and elevation * ruggednegs< 3.87,P = 0.049).
Wald's ¥* values were used to further explore significahues for “aspect” (Table 4.2),
these were: aspect | 4.16,P = 0.041), aspect N¢t = 16.45,P < 0.001), aspect NE
(x* = 21.51,P < 0.001), aspect N\Wyf = 19.56,P < 0.001), aspect SW{= 19.47P <
0.001), and ruggednesg € 13.61,P < 0.001).

Research Ranch.—A full model, independent of time intervals, intating elevation,
aspect, and ruggedness was evaluated for the AWIRRre also was sufficient sample
size for each time interval to evaluate the mottakifed by time interval. Models
testing all possible interactions between the laapge features sometimes produced
unstable results in IMP 9.0 (SAS 2007). The ictesa between elevation and aspect
was not evaluated in the time-stratified modelisMnas likely due to there being more
parameters in the model than could be estimatdtidogata or “sparse” data where there

were few or no repeats of each setting of the catesm (SAS 2007).
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Table 4.1 Effect Likelihood ratio tests and cop@sding Chi-square;) statistics for
logistic regression parameters tested for Hog Canfomber of parameters (N), L-R
Chi-square statisticsyf), and corresponding-values also are listed in the table. Source
categories include elevation, aspect, ruggednaggé€d) and the interaction of these
categories.

Source N df Y P
elevation 1 1 7.800 0.005*
aspect 7 7 112.237 <0.001*
rugged 1 1 13.971 <0.001*
elevation*rugged 1 1 3.866 @04

Table 4.2 Parameter estimates, Wald’s Chi-squaltees (x°), and corresponding-
values for logistic regression test for Hog Cany&wource categories include elevation,
aspect, ruggedness (rugged), and the interactfath®ge categories.

Term Estimate SE Y P
Intercept -12.616 4.10 9.45 0.002*
elevation 0.007 0.003 7.63 0.006*
aspect[E] 0.514 0.252 4.16 0.041*
aspect[N] 1.00 0.247 16.45 <.001*
aspect[NE] 0.967 0.208 21.51 <.001*
aspect[NW] 1.906 0.431 19.56 <.001*
aspect[S] 0.109 0.226 0.23 0.631
aspect[SE] 0.239 0.268 0.80 0.372
aspect[SW] -1.922 0.435 19.47 <.001*
rugged 0.110 0.030 13.61 <0.001*
(elevation)*(rugged) 0.002 0.001 3.78 0.052
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Both the time-independent and time-stratified niegeovided results that
rejected the null hypothesis of no difference ilestgon between actual and random
locations. The time independent model was sigaifidy> = 801.55P < 0.001), but had
a very large AICc value (AICc = 2164.98) in compari to the time-stratified models:
time interval 1 4° = 163.03P < 0.001, AlCc = 458.29); time interval (= 239.50P
< 0.001, AICc = 664.06); time interval (= 264.45P < 0.001, AlCc = 640.50); time
interval 4 §* = 178.31P < 0.001, AICc = 443.02). The time-stratified modeksre
selected as better fits for the data based on |éWec values. However, there were
some noteworthy and significant trends observatiertime-independent model that
were not observed in the time-stratified modelsiliké some of the time-stratified
models, ruggedness was not a significant paranretee time-independent model, but
several 2-way and 3-way interactions (Table 4.3eweugged * elevation{ = 14.58,

P < 0.001); elevation * aspecti(= 19.01,P = 0.008); rugged * elevation * aspegf &

53.78,P < 0.001).
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Table 4.3 Effect Likelihood ratio tests and cop@sding Chi-square;) statistics for
logistic regression, time-independent parametestedefor the Appleton-Whittell
Research Ranch. Number of parameters (N), L-RsGhare statisticsyf), and
correspondingP-values also are listed in the table. Source categinclude ruggedness
(rugged), elevation, aspect (aspect-cat), anditieeactions of those categories.

Source N df Y P

rugged 1 1 0.126 0.723
elevation 1 1 254.131 <0.001*
aspect-cat 7 7 154.306 <0.001*
rugged*elevation 1 1 14.586 <0.001*
rugged*elevation*aspect-cat 7 7 53.783 <0.001*
elevation*aspect-cat 7 7 19.015 <0.001*
rugged*aspect-cat 7 7 8.150 0.320
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Effect likelihood ratio tests for time intervalTIable 4.4) note that eIevatiox?(
=83.84,P < 0.001), aspect{ = 55.80,P < 0.001), and rugged * aspegf € 19.76,P =
0.006) were significant explanatory variables ia thodel. Exploratory analysis of
Wald’s ¥® values (Table 4.5) note that aspectEx8.31,P= 0.004), aspect-Nyf =
8.20,P = 0.004), aspect-NWf = 25.48,P < 0.001), rugged * aspect-E*(= 5.78,P =
0.016), and rugged * aspect-SW € 4.85,P = 0.028) were specifically significant
components within the model.

Effect likelihood ratio tests for time interval2able 4.6) note that ruggedness
(x* = 6.07,P = 0.014), elevationyf = 157.10P < 0.001), aspecyf = 26.96 P <
0.001), and rugged * elevatiogf € 6.64,P = 0.010) were significant explanatory
variables in the model. Exploratory analysis oﬂmmxz values (Table 4.7) note that
aspect-Eo = 7.33,P = 0.007), aspect-Nyf = 13.73,P < 0.001), rugged * elevation{
=7.01,P = 0.008), and rugged * aspect-SE £ 8.51,P = 0.004) were specifically
significant components within the model.

Effect likelihood ratio tests for time intervalBable 4.8) note that ruggedness
(x* = 5.91,P = 0.015), elevatiomf = 170.01P < 0.001), and aspec’(= 47.32,P <
0.001) were significant explanatory variables i@ thodel. Exploratory analysis of
Wald's ¥® values (Table 4.9) note that aspectEx11.98,P < 0.001), aspect-Nyf =
6.61,P = 0.010), aspect-NWy{ = 14.64,P < 0.001), aspect-SEA{= 5.83,P = 0.016),
and rugged * aspect-N4= 6.62,P = 0.010) were specifically significant components

within the model.
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Table 4.4 Effect Likelihood ratio tests and cepending Chi-squareyf) statistics for
logistic regression, time interval 1, parametessete for the Appleton-Whittell Research
Ranch. Number of parameters (N), L-R Chi-squarkssies (x°), and corresponding-
values also are listed in the table. Source categonclude ruggedness (rugged),
elevation, aspect (aspect-cat), and the interaxtidthose categories.

Source N df Y P
rugged 1 1 1.753 0.186
elevation 1 1 83.846 <.001*
aspect-cat 7 7 55.800 <.001*
rugged*elevation 1 1 3.086 0.080
rugged*aspect-cat 7 7 19.763 0.006*
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Table 4.5 Parameter estimates, Wald’s Chi-squaltees (%), and corresponding-
values for logistic regression, time interval kttior the Appleton-Whittell Research

Ranch. Term categories include ruggedness (ruggkxbation, aspect (aspect-cat), and
the interactions of those categories.

Term Estimate SE Y P

Intercept 78.017 9.908 62.00 <0.001*
rugged -0.050 0.042 1.46 0.227
elevation -0.054 0.007 62.15 <0.001*
aspect-cat[E] -2.482 0.861 8.31 0.004*
aspect-cat[N] 0.949 0.331 8.20 0.004*
aspect-cat[NE] 0.342 0.397 0.74 0.390
aspect-cat[NW] 1.719 0.340 25.48 <0.001*
aspect-cat[S] -1.650 1.086 2.31 0.129
aspect-cat[SE] -0.160 0.362 0.20 0.658
aspect-cat[SW] 0.424 0.535 0.63 0.428
(rugged)*(elevation-) -0.002 0.001 2.92 0.087
(rugged)*aspect-cat[E] -0.340 0.142 5.78 0.016*
(rugged)*aspect-cat[N] -0.039 0.056 0.48 0.488
(rugged)*aspect-cat[NE] 0.118 0.066 3.18 0.074
(rugged)*aspect-cat[NW] 0.042 0.051 0.66 0.417
(rugged)*aspect-cat[S] -0.098 0.222 0.20 0.658
(rugged)*aspect-cat[SE] 0.096 0.071 1.82 0.177
(rugged)*aspect-cat[SW] 0.204 0.093 4.85 0.028*

Table 4.6 Effect Likelihood ratio tests and cop@sding Chi-square;) statistics for
logistic regression, time interval 2, parametessete for the Appleton-Whittell Research
Ranch. Number of parameters (N), L-R Chi-squartisties ), and corresponding-
values also are listed in the table. Source categonclude ruggedness (rugged),
elevation, aspect (aspect-cat), and the interaxtidthose categories.

Source N df Y P
rugged 1 1 6.076 0.014*
elevation 1 1 157.101 <0.001*
aspect-cat 7 7 26.966 <0.001*
rugged*elevation 1 1 6.644 0.001*
rugged*aspect-cat 7 7 11.731 0.109
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Table 4.7. Parameter estimates, Wald’s Chi-squaltees ¢?), and corresponding-
values for logistic regression, time interval Attior the Appleton-Whittell Research

Ranch. Term categories include ruggedness (ruggkxbation, aspect (aspect-cat), and
the interactions of those categories.

Term Estimate SE Y P

Intercept 93.362 8.686 115.54 <0.001*
rugged 0.044 0.0180 6.01 0.014*
elevation -0.064 0.006 115.60 <0.001*
aspect-cat[E] -0.680 0.251 7.33 0.007*
aspect-cat[N] 0.929 0.251 13.73 <0.001*
aspect-cat[NE] -0.140 0.276 0.26 0.612
aspect-cat[NW] 0.391 0.256 2.33 0.127
aspect-cat[S] -0.490 0.313 2.45 0.118
aspect-cat[SE] 0.276 0.304 0.83 0.363
aspect-cat[SW] -0.163 0.440 0.14 0.711
(rugged)*(elevation) 0.002 0.001 7.01 0.008*
(rugged)*aspect-cat[E] -0.025 0.041 0.36 0.547
(rugged)*aspect-cat[N] -0.018 0.036 0.25 0.619
(rugged)*aspect-cat[NE] -0.062 0.043 2.03 0.155
(rugged)*aspect-cat[NW] -0.025 0.031 0.66 0.415
(rugged)*aspect-cat[S] -0.032 0.052 0.38 0.536
(rugged)*aspect-cat[SE] 0.187 0.06 8.51 0.004*
(rugged)*aspect-cat[SW] -0.051 0.050 1.07 0.301

Table 4.8 Effect Likelihood ratio tests and cop@sding Chi-square;) statistics for
logistic regression, time interval 3, parametessete for the Appleton-Whittell Research
Ranch. Number of parameters (N), L-R Chi-squartsties (3°), and corresponding-
values also are listed in the table. Source categyonclude ruggedness (rugged),
elevation, aspect (aspect-cat), and the interaxtbthose categories.

Source N df Y P
rugged 1 1 5.908 0.015*
elevation 1 1 170.006 <.001*
aspect-cat 7 7 47.326 <.001*
rugged*elevation 1 1 1.927 0.165
rugged*aspect-cat 7 7 13.261 0.066
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Table 4.9. Parameter estimates, Wald’s Chi-squaltees (), and corresponding-
values for logistic regression, time interval Jttior the Appleton-Whittell Research

Ranch. Term categories include ruggedness (ruggkxbation, aspect (aspect-cat), and
the interactions of those categories.

Term Estimate SE v P

Intercept 91.666 8.272 122.81 <0.001*
rugged -0.051 0.022 5.33 0.021*
elevation -0.0627 0.006 121.67 <0.001*
aspect-cat[E] -1.123 0.325 11.98 <0.001*
aspect-cat[N] 0.697 0.271 6.61 0.010*
aspect-cat[NE] 0.453 0.249 3.30 0.069
aspect-cat[NW] 1.088 0.284 14.64 <0.001*
aspect-cat[S] -0.443 0.338 1.71 0.190
aspect-cat[SE] -0.754 0.312 5.83 0.016*
aspect-cat[SW] -0.127 0.672 0.04 0.850
(rugged)*(elevation) 0.001 <0.001 2.00 0.158
(rugged)*aspect-cat[E] -0.103 0.065 2.49 0.115
(rugged)*aspect-cat[N] 0.102 0.040 6.62 0.010*
(rugged)*aspect-cat[NE] 0.023 0.041 0.32 0.572
(rugged)*aspect-cat[NW] 0.021 0.042 0.25 0.615
(rugged)*aspect-cat[S] 0.060 0.063 0.90 0.342
(rugged)*aspect-cat[SE] -0.051 0.064 0.66 0.417
(rugged)*aspect-cat[SW] -0.113 0.091 1.54 0.215
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Effect likelihood ratio tests for time interval Fgble 4.10) note that elevatioyf £
99.69,P < 0.001), and aspecti(= 21.06,P = 0.004) were significant explanatory
variables in the model. Exploratory analysis oﬂmmxz values (Table 4.11) note that
aspect-NW * = 7.92,P = 0.005) and rugged and aspectsRl% 6.42,P = 0.011) were

specifically significant components within the mbde

DISCUSSION

Analysis of Montezuma quail location data in se@aist Arizona confirmed many
notions about their first-order and second-ord&cti®n of habitat already described in
the scientific literature. Most of those studegh exception to Stromberg’s (1990),
however, draw conclusions based on limited presabsence data, flush-count surveys
with dogs, and hunter-harvest surveys, thus redutia ability to accurately infer
selection by this species at finer scales. Suthmay poorly reflect or not fully
consider habitat that is potentially availablele species at multiple scales (Cooper and
Milspaugh 1999). The use of radiotelemetry datiis study allowed me to better
extrapolate the potential range of a populationthod the potential of that population to
use the habitat within that range based on estsrathome range at a local scale. My
study revealed that other landscape characteristisisles vegetation composition of an
area are just as important to consider when exagsecond-order habitat selection by
this species. Aspect, elevation, terrain ruggesinasd the interaction of these variables
were significant components to consider in how #ipiscies selects for landscape

features in its behavioral strategies for surviVdhen combined with vegetation data,
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Table 4.10 Effect Likelihood ratio tests and cepending Chi-squareyf) statistics, for
logistic regression, time interval 4, parametessete for the Appleton-Whittell Research

Ranch. Source categories include ruggedness @ygglevation, aspect (aspect-cat),
and the interactions of those categories.

Source N df v P
rugged 1 1 <0.001 0.990
elevation 1 1 99.691 <.001*
aspect-cat 7 7 21.067 0.004*
rugged*elevation 1 1 0.695 0.404
rugged*aspect-cat 7 7 11.830 0.106

Table 4.11 Parameter estimates, Wald's Chi-souettees (;°), and corresponding-
values for logistic regression, time interval 4&ttor the Appleton-Whittell Research

Ranch. Term categories include ruggedness (ruggkxjation, aspect (aspect-cat), and
the interactions of those categories.

Term Estimate SE Y P

Intercept 87.594 10.208 73.63 <.001*
rugged <0.001 0.029 0.00 0.990
elevation -0.060 0.007 74.21 <.001*
aspect-cat[E] -0.626 0.365 2.94 0.086
aspect-cat[N] -0.877 0.474 3.42 0.065
aspect-cat[NE] -0.459 0.534 0.74 0.390
aspect-cat[NW] 0.883 0.314 7.92 0.005*
aspect-cat[S] -0.415 0.455 0.83 0.362
aspect-cat[SE] 0.006 0.298 0.00 0.985
aspect-cat[SW] 0.651 0.754 0.74 0.388
(rugged)*(elevation) <0.001 0.001 0.71 0.400
(rugged)*aspect-cat[E] 0.030 0.059 0.26 0.610
(rugged)*aspect-cat[N] -0.214 0.084 6.42 0.011*
(rugged)*aspect-cat[NE] -0.049 0.088 0.31 0.578
(rugged)*aspect-cat[NW] -0.016 0.038 0.19 0.666
(rugged)*aspect-cat[S] 0.091 0.104 0.78 0.378
(rugged)*aspect-cat[SE] 0.013 0.055 0.06 0.809
(rugged)*aspect-cat[SW] 0.114 0.080 2.04 0.153
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these components develop a clearer notion of Habiderences for this species within
similar ecological regions.

Selection for vegetation type showed some kegdifices between the 3 study
sites at both second-order and third-order scalélsen examining second-order
selection, one must first consider differences ajanvegetation types between the 3
study sites using the GAP vegetation layers aseaamce. Using the buffered MCP
regions derived from telemetry and survey data laasis for establishing habitat that
was most likely available to the local populatitre data shows that the dominant
vegetation types within the MCP regions at thet@ssiliffered dramatically. Stevens
Canyon was predominantly composed of SemideserediGrass—Mixed Scrub
(90.93%), the AWRR was dominated by Semidesert Mi&eass—Mixed Scrub
(76.6%), but the dominant vegetation at Hog Canyas Encinal Mixed Oak (75.3%).
All 3 sites exhibited some variation of Semidedéisted Grass, but a greater
representation of overstory canopy cover provide@bercusspecies at Hog Canyon
had a major influence in selection for availableere—accounting for 99.5% of all quail
locations at that site. At a third-order scaléerteetry data showed that quail selection
for roosting, feeding, or escape cover was cloasbpciated within 5-10 m of canopy
cover provided by oaks. The results for Hog Canygpport most of what has been
published in the literature for this species, lutHer examination of the data for the

region provides evidence to the contrary.
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One clear example to the contrary is seen fronitdialse at Stevens Caynon.
Although Stevens Canyon had some representatiamahal Mixed Oak (8.0%) within
the MCP region evaluated, only 1.6% of the locaiomere observed within this region.
At first glance this might suggest that quail as tudy site did not select for oak cover
where it was available, but one must considertti@toarse scale of the GAP layer may
be partially responsible for under-representinglakike oak habitat at the study site.
Although the abundance and density of oaks and bilga canopy trees at Stevens
Canyon was less than Hog Canyon, quail would dfeenbserved feeding or roosting
within 5-15 m of oak trees within the Semideserk&ti Grass—Mixed Scrub habitat
type. These results reflect similar results fobgdstromberg (1990) at the AWRR
where most daytime relocations of quail were “wtBDm of the nearest oak tree on
steep areas”. Similar to Stevens Canyon, the AVR&a naturally-occurring low
abundance and density of oak cover compared toG#myon. Quail selection for
available canopy cover at the AWRR, however, défefrom the other 2 study sties.
Selection for canopy cover within the MCP regioth&t AWRR differed by covey
location within the study site. Some coveys, pattrly those whose activity range was
mostly associated with sacaton bottomlands, seldotase sycamore or mesquite for
canopy cover. Coveys whose activity range waslosely associated with sacaton
bottomlands selected oaks more for shade or escaee. Selection for a particular
canopy cover, therefore, was mostly associatets tdaser proximity to their common
feeding and roosting areas and not the extentenf otential 50% or 95% kernel

ranges. These results corroborate some of Straysb@990) results for choice of
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canopy cover at this study site, with the exceptibthose coveys that were not located
close enough to oak cover. Such coveys wouldadkantage of other species of large
trees within close proximity, but more often that,iwould rather make use of cover
provided by the more abundant, tall, and dense®aaa the bottomlands.

The intensive use of sacaton at the AWRR provedégence that rejects other
common notions about Montezuma quail habitat ugkarsoutheast Arizona region.
Most populations of Montezuma quail are thoughtriedominantly use typical densities
and heights of grass commonly associated with Madoak woodland and montane
meadows. Stromberg (1990), for example, notechiban vegetation height of roost
sites (49.5+2.34 cm) and day-use sites (41.9+3%Ric areas in close proximity to oak
cover. Both of these are considerably lower tl@nmhean vegetation heights of sacaton
(171.9+41.5 cm) reported in the literature for AWRR (Bock and Bock 1978).
Observations similar to Stromberg (1990) have leported by Bristow and Ockenfels
(2004) and Bristow and Ockenfels (2000) in regaodspecific heights of grass and
canopy cover used by Montezuma quail. Yet, anwlreiming majority of coveys of
Montezuma quail at the AWRR made more intensiveafiskee tall sacaton during the
daytime and rarely used higher canopy cover evewltisest available oak trees were
within 50—100m from the common daytime activityage The majority of flush sites at
the AWRR were not in proximity to large trees andi¢densities at the AWRR were
actually higher in the open sacaton bottomlands #raas lined with oak trees. These
results are opposite of those reported by Bristov@ckenfels (2000) and Brown

(1973), which reported that quail densities arerfower in vegetation types other than
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those typically observed in oak woodland habitddabitat use models thus must not
conform to those habitat characteristics typicalbgerved of Montezuma quail within
Madrean evergreen woodlands in southeast Arizdims new data needs to be
considered especially for habitat management actiegarding the conservation of this
species throughout diverse habitats.

Despite these differences, some similarities wiahof grass density, percent
cover, elevation, and slope were corroborated bewieis study and past research.
Observations made in the Hog Canyon and Stevenddastydy sites, which have
greater representation of Madrean oak woodlandspnstatistics provided in previous
studies (Stromberg 1990, Bristow and Ockenfels 280tow and Ockenfels 2000) for
choice of percent grass cover, density, and heights is particularly true for vegetation
parameters collected on roost sites. With the gtiae of the AWRR, most coveys of
Montezuma quail were observed roosting on theitids rather than in arroyo bottoms.
Further, though time-stratified tests could notbaducted due to a limited sample size,
all the effect-likelihood ratio tests note stromgnsficance in habit use for higher
elevation P = 0.0052), rugged topographi € 0.0002), and the positive interaction of
elevation and rugged topograpt®/ £ 0.0493) at Hog Canyon. By contrast, most
coveys at the AWRR were observed to heavily utilieless rugged and lower
elevation sacaton bottoms for roost sites, as @bddn results for time interval # (<
0.0001). This preference to utilize lower elevataveas at the AWRR also was
observed in the time-independent té3&(0.0001), and all the time-dependent tests for

intervals 1-3 (alP < 0.0001).
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Another point of difference between past researachresults from this study is
that of choice of aspect, or azimuth, in termsaifitat use during the day or night.
Bristow and Ockenfels (2004) observed that “sebector east-facing slopes on ridge
tops likely was related to the proximity of treenopies at the Research Ranch”.
Stromberg’s (1990) telemetry data provides a moeeipe depiction of their habitat
use—noting in particular that roost sites facedtseast, with a mean aspect of ?4ad
differed significantly from randomly selected siteich faced northeast. One
reasonable explanation for those results obsery&itriomberg (1990) for roost sites is
that quail may prefer to remain on terrain thaeathe early sun in the morning and thus
retains solar radiation from early in the day. &aytime activities, Stromberg (1990)
reported that “quail prefer north-facing slopes #mgs by association, are more likely to
be near oaks”, although he also adds that “onagecasions, | observed Montezuma
quail at least 3 km from any trees, well out inmgeassland”. Daytime sites used by
quail in his study noted a north-facing mean asp&t6.3, and differed significantly in
aspect from randomly selected sites (Stromberg Y1990r research noted some
similarities to Stromberg’s (1990) results—in peutar for the time-independent
analysis conducted for Hog Canyon where quail giisoselected for N, NE, and NW-
facing slopes much more than S, SE, SW, or W-fasioges when compared to
randomly selected sites (Table 5.2 and Table 5T time-stratified analysis of
selection for aspect conducted for the AWRR produnech different results. For time
interval 1 (0700-1059 hours), quail selected moreé\f, NW, and W-facing slopes as

opposed to E, NE, S, SE, and SW-facing slopes wberpared to randomly selected
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sites (Table 5.3). As temperatures gradually imeed in the later morning during time
interval 2 (1100-1459 hours), quail selected mored\f, NW, and W-facing slopes than
E, NE, S, and SE-facing slopes (Table 5.4). Indker afternoon, during time interval 3
(1500-1859 hours), quail were observed to use N,\NE, and W-facing slopes more
so than E, S, SE, and SW-facing slopes (Table SBjs is most likely due to qualil
seeking shelter from peak temperatures observedgitire early afternoon. For roost
locations, however, during time interval 4 (190059®0urs), our research notes that
guail selected for NW, SW, and W-facing slopes nsar¢han E, NE, S, and SE-facing
slopes (Table 5.6). This is contrary to that obséiby Stromberg (1990)—so much so
that quail actually were 2.4 times more likely &best for NW-facing slopes than SE-
facing slopes (Table 5.23). One reason for therihce may be related to the larger
sample size of our study and the important fadtdbatelemetry results included
subpopulations of coveys within the AWRR that werest likely overlooked in
Stromberg’s (1990) study. Another important exptéon may be that our data notes
habitat use from later winter to early summer, vesrStromberg’s (1990) study focuses
particularly on habitat use in late fall to earlinter. The closer we examine our results,
however, we can speculate that perhaps the readspigquail select for NW-facing

slopes in the later part of the evening woulddomalke better use of the heat absorbed
in the surrounding landscape from solar radiateiained from the late afternoon sun.
This makes ecological sense especially since teatyres tend to decline rapidly in the

early evening and quail can avoid cooler tempeestur the N and W-facing slopes in
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the early morning by simply moving out to bask &l in warmer zones in the
surrounding topography.

A matter that complicates interpretation of setectfor vegetation type at the 3
sites is variation in density and abundance ofveajrass cover and the impact of
anthropogenic land-use at each particular siteazi@g and hunting are activities which
have high potential to influence the distributidrttos species (Brown 1972) at Stevens
Canyon and Hog Canyon, where they are permittddwy Of these 2 activities,
grazing has the most impact on this species bed¢hasamount of available understory
cover for quail is directly related to the grazprgssure impacted at a particular site. At
Stevens Canyon, the number of cattle observedmatlgiven year, from 2008-2010,
was 10-20 head, although the number was probaghehi Grazing pressure at Stevens
Canyon was often observed in early spring and suname had mixed consequences on
recovery depending on patterns of precipitation thiéowed grazing activity. Moderate
grazing activity was observed from 2008-2009, alth@nsome grass to recover and
populations of quail to persist at moderate dessitin March 2010, however, heavy
grazing at Stevens Canyon was estimated to haveeddavailable grass cover for quail
to less than 20%. The amount of reduced covendiigust include bottomlands, flats,
and valleys where cattle are more likely to gréms,also grass cover near the base of
trees and on hills where quail would often roosfie from predation.

Like Stevens Canyon, grazing at Hog Canyon haghditential to negatively
impact amount of available cover and influencertbelection for available habitat. The

number of cattle at Hog Canyon was never obseivée tmore than 10 head although
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its proximity to nearby ranches, and grazing alleits permitted the by United States
Forest Service (USFS), should make that estimgteehithan what was observed in the
field. Grazing impact was generally low to modenaithin the buffered MCP range
derived for Hog Canyon. Most of the grazing impaas contained within the lower
elevations and low hills found in the eastern poriof the MCP range, where most of
the quail were not generally observed. Sufficlegight and density of grass cover was
generally found within the eastern portion of th€RIto allow coveys to persist, but,
reduced cover associated with seasonal grazingymeprobably accounts for reduced
presence and selection by quail at these loweragtavhills and valleys. Cattle were
rarely observed to graze in the higher elevatidis Hominated by oak trees where
Montezuma quail predominantly resided. In Octd®@09, however, heavy grazing
during the summer contributed to a considerable ¢dgyround cover throughout the
lower valleys, low hills, and high ridges. Theeatit impact on the quail population
could not be evaluated because there were no maréeaduals being followed at the
time. Cow dung, not normally found at the highedges of Hog Canyon, was found in
higher abundances in 2009-2010. The impact ofcetigrass cover throughout all
elevations at Hog Canyon may have had significansequences on available habitat
for Montezuma quail to utilize for that summer megtseason and the fall season that
followed.

Impact from recent grazing is not a factor thatildanfluence contemporary
populations at the AWRR, where it is has not besnmjitted for many years. However,

the dominance of invasive grass species througheutorthern part of the AWRR and
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the occurrence of a large wildfire in 5 May 200h&arria et al. 2013 are important
factors to consider in the interpretation of owgules. The impact of the wildfire
requires more in-depth analysis especially becausmporarily restructured the
vegetation and available habitat for Montezumald@havarria et al. 2013. Whereby
in one instance available habitat is reduced dise may serve to make new habitat
available where there was reduced potential forbe$ere. This topic thus requires
further review in regards to how Montezuma quaikenase of the habitat at the AWRR

in pre- and post-fire conditions.
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CHAPTER V

SUMMARY AND CONCLUSIONS

My research on Montezuma qudiyftonix montezumae mearpsought to
examine several knowledge gaps about this spddesistory—particularly its
survival demographics and range size. My objestivere to: (1) improve or develop
new methods for capturing, marking, and monitoNmntezuma quail through radio
telemetry, (2) determine actual rate of survival aauses of mortality for this species,
(3) determine range size and habitat use fromilmeaigathered through radio telemetry,
(4) evaluate differences in survival, range, anbitaause for this species between
hunted and non-hunted sites in southeast Arizona.

| adapted old methods for locating and capturirgnddzuma quail by now
integrating the use of GPS collars on pointing dog®cilitate keeping track of dogs at
night and thus facilitate finding roost locationisaght once a dog went on point. | used
portable infrared cameras to approximate roostimes of marked and unmarked birds
at night. This method was most effective when wglkeen 3 crew members and a dog
were actively trapping birds or when birds hadadiyebeen radio-marked. Tracking of
radio-marked birds allowed me to estimate survilexhographics, causes of mortality,
and compare these results between hunted and maeehsites. In seasons with average
precipitation and temperatures, survival rate ohkauma quail in southeast Arizona
are similar to those of most North American quélbwever, above-average amount of

winter precipitation coupled with extreme low temgiares caused massive mortality in
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2010. Other highly detrimental sources of moryahtthis species include the impact of
wildfire to their habitat. Montezuma quail surnviveaand abundance was greatly reduced
in semi-desert grasslands that did not recoveuakly as those that included sacaton
bottomlands. Despite reduced cover, Montezumd gueaie observed feeding in burned
areas within days, roosting within burned areasiwitveeks, and nesting within burned
areas less than 3 months following a wildfire.

Range size for Montezuma quail in southeast Alazisrsmall during winter but
expands during the late spring and early summesogeaSmall sample size in my study
limited statistical analysis of range size acraffer@nt seasons, but my observations
reinforce previous assumptions in the literatureualthe sedentary nature of this
species. My observations also provide evidencstfong site fidelity even in the midst
of potentially catastrophic stochastic events saglildfire and severe weather.
Montezuma quail in my research were not observedmaluct long-range migrations
and several were observed to return to their fonmeter range after having moved
away a short distance temporarily during the breggedeason. | also used radiotelemetry
locations to analyze habitat use in regards todeaple features such as topography,
vegetation type, and aspect. My results suppost mssumptions about the distribution
of this species within forested habitats as replarnehe literature or in GIS models
(e.g., Gap Analysis). However, my results show khantezuma quail in Arizona also
thrive in semi-desert bottomlands that provideisight cover (i.e., sacaton). Current

GIS models provided through Gap Analysis do nobantfor their distribution in
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sacaton bottomlands and there is a need to reg¢gdhem to improve habitat
conservation efforts for this species.

The combined results from my research provide emasion biologists with
vital information for better managing this speassgame or non-game. Information on
actual survival rate at the population level, whigds lacking in the literature, is now
available to help guide more informed and acculat@sions about the potential impact
of anthropogenic activities and climate changeh@ndonservation of this species.
Prescribed fire should be used with extreme cauti@emi-desert grasslands where
Montezuma quail are present since vegetative regdeads to be delayed and my
results note extreme reductions in their abundant@es-affected areas. Extreme
caution is also warranted for managing hunting ohkézuma quail without change in
regulations when their abundance are overwhelmiregluced as a result of severe

winter weather.
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APPENDIX |

Individual records showing age, sex, capture date, afdast observation, total days observed (dayshber of radio
locations (locations) condition at last observatioondition), and specific cause of last observat@mmment) for all radio-

marked Montezuma quail in southeast Arizona, 200862

Band Study Site Age Sex Capture date End date Dayscations  Condition Comment
201 Stevens Adult Male 16-Feb-08 16-Apr-08 60 3 ngoeed transmitter fail
202 Stevens Adult Female 16-Feb-08 16-Apr-08 60 3 ensored transmitter fail
203 Stevens Adult Male 11-Mar-08 17-Mar-08 6 3 Ceed transmitter fall
204 Stevens Adult Female 26-Mar-08 16-Apr-08 21 6 engored transmitter fail
205 Stevens Juvenile Female 4-Apr-08 25-Apr-08 21 6 Censored transmitter fail
206 Stevens Juvenile Male 4-Apr-08 16-Apr-08 12 1 engbred transmitter fail
207 Stevens Adult Male 4-Apr-08 16-Apr-08 12 1 Ceed transmitter fail
208 Stevens Juvenile Female 4-Apr-08 9-Apr-08 5 1 endored transmitter fail
209 Stevens Adult Female 17-Apr-08 25-Apr-08 8 1 n<oeed transmitter fail
210 Stevens Adult Male 22-Apr-08 18-May-08 26 5 Stead transmitter fail
211 Hog Cyn Juvenile Female 23-Feb-09 5-Jul-09 132 64 Censored transmitter fail
212 Hog Cyn Juvenile Male 23-Feb-09 19-Jun-09 116 9 6 Death Owl suspected
213 Hog Cyn Adult Female 23-Feb-09 31-May-09 97 53 Censored transmitter fail
214 Ranch Juvenile Male 2-Mar-09 10-Mar-09 8 6 beat Northern Harrier-

confirmed
215 Ranch Juvenile Female 2-Mar-09 25-Jul-09 145 70  Death mammal suspected
216 Ranch Juvenile Male 4-Mar-09 19-Jun-09 107 60 eatbh confirmed raptor
217 Ranch Juvenile Male 15-Mar-09 26-Apr-09 42 18 engbred raptor suspected
218 Ranch Juvenile Male 15-Mar-09 5-Jul-09 112 63 engored raptor suspected
219 Ranch Juvenile Female 15-Mar-09 22-Mar-09 7 2 eatb mammal suspected
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Band Study Site Age Sex Capture date End date Daysocations  Condition Comment
220 Ranch Juvenile Male 17-Mar-09 21-Apr-09 35 17 engored raptor suspected
221 Ranch Adult Female 17-Mar-09 9-Jul-09 114 57 ngoe=d raptor suspected
222 Ranch Juvenile Male 17-Mar-09 19-Mar-09 2 1 soeed rehab; non-release
223 Ranch Juvenile Male 17-Mar-09 22-Mar-09 5 1 tPea Injured
224 Ranch Juvenile Male 22-Mar-09 27-Apr-09 36 2 n<oeed transmitter fail
225 Ranch Juvenile Female 22-Mar-09 21-Apr-09 30 16 Death Owl and Mammal
226 Ranch Juvenile Female 22-Mar-09 19-Oct-09 211 2 9 Censored fallen transmitter
227 Ranch Adult Male 22-Mar-09 27-Apr-09 36 15 Crad transmitter fail
228 Ranch Juvenile Male 22-Mar-09 26-Mar-09 4 2 tPea raptor suspected
229 Hog Cyn Juvenile Male 3-Apr-09 24-May-09 51 24  Censored transmitter fail
230 Ranch Juvenile Male 19-Apr-09 21-Apr-09 2 2 thea raptor suspected
231 Ranch Juvenile Female 19-Apr-09 27-Apr-09 8 8 engored suspect mortality
232 Ranch Adult Male 25-May-09 5-Jul-09 41 11 Ceedo raptor suspected
233 Ranch Adult Male 26-May-09 8-Jun-09 13 8 Death raptor suspected
234 Ranch Juvenile Male 26-May-09 25-Aug-09 91 50 engored transmitter fail
235 Ranch Adult Male 27-May-09 24-Oct-09 150 57 sorad transmitter fail
236 Ranch Juvenile Female 29-May-09 5-Jul-09 37 21  Death confirmed raptor
237 Hog Cyn Juvenile Male 31-May-09 5-Jul-09 35 12 Censored transmitter fail
238 Ranch Juvenile Male 19-Jun-09 16-Jul-09 27 13  ensGred fallen transmitter
239 Ranch Adult Female 16-Jun-09 25-Aug-09 70 41 nsGeed transmitter fail
240 Ranch Juvenile Female 19-Jun-09 19-Oct-09 122 2 4 Death confirmed raptor
241 Ranch Juvenile Female 19-Jun-09 20-Aug-09 62 20 Censored transmitter fail
242 Ranch Juvenile Male 19-Jun-09 28-Jul-09 39 12 ens@Gred transmitter fail
243 Ranch Adult Female 10-Jul-09 11-Jan-10 185 33 eatid mammal suspected
244 Ranch Adult Female 1-Aug-09 19-Oct-09 79 13 Oeed fallen transmitter
245 Ranch Juvenile Female 23-Oct-09 7-Jan-10 76 2 ens@ed transmitter fail
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Band Study Site Age Sex Capture date End date Daysocations  Condition Comment
246 Ranch Juvenile Male 23-Oct-09 7-Jan-10 76 2 sQrea transmitter fail
247 Ranch Adult Male 13-Jan-10 17-Jan-10 4 5 Death  raptor suspected
248 Ranch Adult Female 13-Jan-10 24-Jan-10 11 10 atlDe raptor suspected
249 Ranch Juvenile Male 13-Jan-10 22-Jan-10 9 7 thDea  mammal suspected
250 Ranch Juvenile Female 13-Jan-10 26-Jan-10 13 13 Death mammal suspected
251 Stevens Adult Male 22-Nov-08 5-Jan-09 44 10 SOed hunting suspected
252 Stevens Adult Female 22-Nov-08 8-Dec-08 16 7 nsGered hunting suspected
253 Stevens Adult Female 25-Nov-08 5-Jan-09 41 7 ns@ed hunting suspected
254 Stevens Adult Female 25-Nov-08 11-Dec-08 16 4 eatbh hunted; confirmed
255 Hog Cyn Juvenile Female 6-Dec-08 16-Dec-08 10 3 Death unknown; on roost
256 Hog Cyn Juvenile Female 6-Dec-08 26-Feb-09 82 1 Death confirmed raptor
257 Hog Cyn Juvenile Male 6-Dec-08 15-Jan-09 40 5 engBred hunting suspected
258 Hog Cyn Juvenile Male 9-Dec-08 16-Dec-08 7 3 atbe confirmed raptor
259 Hog Cyn Juvenile Male 16-Dec-08 10-May-09 145 5 Censored transmitter fail
260 Hog Cyn Adult Male 16-Dec-08 5-Jan-09 20 2 Cead hunting suspected
261 Hog Cyn Adult Male 16-Dec-08 19-Jan-09 34 5 soeed hunting suspected
262 Hog Cyn Juvenile Male 16-Dec-08 19-Jan-09 34 4  Censored mortality suspected
263 Ranch Juvenile Female 12-Feb-09 28-Feb-09 16 4 Censored mortality suspected
701 Ranch Juvenile Female 13-Jan-10 24-Jan-10 11 10 Death Frozen on roost
702 Ranch Juvenile Male 13-Jan-10 23-Jan-10 10 8 atlDe Frozen on roost
703 Ranch Adult Male 23-Jan-10 1-Feb-10 9 9 Death arrislhawk

confirmed

704 Ranch Adult Female 23-Jan-10 29-Jan-10 6 2 eds mortality suspected
705 Ranch Juvenile Male 23-Jan-10 10-Feb-10 18 22 eatD mammal suspected
706 Ranch Juvenile Male 23-Jan-10 1-Feb-10 9 8 Deat Frozen on roost
707 Ranch Adult Female 26-Jan-10 14-Feb-10 19 15 ns@ed mortality suspected
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Band Study Site Age Sex Capture date End date Daysocations  Condition Comment
709 Ranch Adult Female 2-Feb-10 14-Feb-10 12 14 ttbea  mammal suspected
710 Ranch Adult Female 2-Feb-10 18-Mar-10 44 36 tibea raptor suspected
711 Ranch Juvenile Male 2-Feb-10 14-Feb-10 12 14 atibe  raptor suspected; Owl
712 Ranch Juvenile Female 5-Feb-10 17-Feb-10 12 12 Death raptor suspected
713 Ranch Juvenile Female 5-Feb-10 24-Feb-10 19 21 Death confirmed raptor
714 Ranch Juvenile Male 17-Feb-10 24-Feb-10 7 7 ttbea  confirmed mammal
715 Ranch Juvenile Male 17-Feb-10 25-Feb-10 8 7 ttDea  mortality suspected
716 Ranch Adult Male 25-Feb-10 11-Mar-10 14 8 Cesdo mortality suspected
717 Ranch Adult Female 25-Feb-10 11-Mar-10 14 10 atbe unknown cause
718 Ranch Juvenile Female 11-Mar-10 13-Mar-10 2 2 ensBred mortality suspected
777 Ranch Adult Female 16-Jul-09 8-Aug-09 23 0 (6]2:343 untagged; observed
350 San Rafael Adult Female 17-Nov-08 17-Nov-08 0 0 Censored fatlansmitter
708 \/Raalllr?gh Juvenile Male 2-Feb-10 10-May-10 97 2 SGexd Rehabilitated
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