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) Abstract |

Conservation of Southwestern -‘Willov'v Fchatchers: home range and habitat.

use by an endangered passerine 'f
v Suz"anne‘ N. Cardinal |

Conservatlon and management of any specres requrres mformatron on

- habrtat preferences movement and size of area- used Deﬁmng area and habrtat

needs is especnally difficult for mlgratory brrds W|th space and habitat

" - requirements that vary during therr annual cycle. Even on breeding grounds

where many neotroplcal mlgrants are relatrvely well studned information on -

. space and habitat use dunng the pre- and post-nestrng penods is often Iacklng

“The management of. Southwestem W|IIow Flycatchers (Empldonax trailli -
extimus), an endangered neotroplcal mllgran't that breeds in npanan areas of the
’ Southwestern United States, is hindered by I'ack‘of home range and‘habitat use
data to estlmate space reqwrements for conservatlon areas

| used radio-telemetry to track male Southwestern erlow Flycatchers at .
Roosevelt Lake in Central Arlzona durlng the summers of 2003 and 2004 |
found home range size varied srgnlﬁcantly over the season (P 0. 04 n 23)
ranging from O 1- 360 5ha usmg a 95% fi xed Kernel contour. Home ranges

were smallest durlng the nesting season (me_an='0.38 +0.27 ,(,SD) ha) Iargest at

post-nesting (mean = 143.23 + 163.04 ha) and variable at pre_—vnestingv"(range:

. MR R
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0.18 — 65.44 ha). émall home ranges during the m‘iddlé of the breeding season
coincided with ferﬁké_le arrival and neéting beha\}ior.y Site fidelity and p'rospecting' '
behavior may explejlin some of the variability | obseryéd during the‘pre-nes'ting
}.season. Large poé’t-nesting home range sizes wérebé direct result of long
distance movements of over one kilometer with birds pOSSiny prospecting for
fut}ure: terﬁtories, exploiting éphemeral food resourc_eS or stég_ivng‘for' migratidn; :
| fpund that habitat use was restricted to ther.ripa'_rian ﬂobdplé_in. Mature
| fiparian Vegetation was usea more than expécted from availabili;y but»ﬂyc':at'chers
| weré obvs“e'rved using ybuhg and immature habitéf as well. Also, Ivféund Iittlé
indication for pref_e‘renti'al use of native or exotic yegétation typés. .My data
’ indicate that 1) hor;'\é rahge siies‘ﬂuctuéte signiﬂéanfly.through the seasdn, 2) B
post-nesting movements may greatly-inprease thé area that birdsfdsé, 3) there is
little use of non-riparian habitats at our study sité, and 4) th._ere is little .subport for
preferential_ use of exotic or native habitats _wifhin métur'e riparian Veg_etatioh -

~zones.
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Conservation of Southwestern WI"OW Fchatchers home range

and habitat use by an endangered passerine _k -

INTRODUCTION

Conservation and management of any speciess requires information on

- habitat preferences, movement, and’ 5|ze ot:area_used (Binéham and Noon 1 997;

Caro 1999, Pechacek 2004). Deﬁ'ning area a},nd habitat needs»is especially
difiici.ult for migratory birds with spac‘e_"'an'd havbitat 're.quirements that ,.\./ary_.du‘ring
their annual cycle ‘Even on breevding g.rodnvd's where many‘neotropic'al-nﬁgrants
are relatively well studied (Martin 1992 Martin and Flnch 1995) mformation on

space and habitat use dunng the pre- and post-nesting penods is often Iacklng :

(Vega Rivera et al. 1999, 2003b; Bayne and Hobson 2001b) Assessmg and

selecting territories dunng the pre- nesting period may impact survival and |

| productiwty in that year (Brown 1969 1975 Sergio and Newton 2003 Fonmca et

al. 2004) while prospecting (i €. assessmg habitat (Reed et al. 1999)) at the end

of the nesting season may affect temtory selection the foIIowmg year (Doligez et

al. 2004). In addition, the demands of ,post—nuptial molt, pre-mngratory v.fattening,

~ and fledgling care all could cause birds tc'shift habitat use during the post-

nesting period (Vega Rivera etal. 1999,'2‘00‘3b;).. :

Until recent technological a'd\/'ances made' tele'metry pcsvsible,'-v.sbace use
by small passerines was devtermined"by ‘s‘cot-lniapping, WhiCh 'mayvsubstantially
under-estimate area used by a breeding bird“(Ha‘n.ski and Haila ‘1'988)espec':iaily

during pre- and poet-nesting periods when birds 'may not be exhibiting territorial



behavior and a.re therefore hard to detect (Etlinger and King 1980, Anders et al.
| 1995, Norris and Stutchbury 2002). The few studies of movement and habitat
| . use by small passerines using telemetry docunlenled zsigniﬁcant changes in
habitat use between nesting and -post~nesting ‘perlol'cls, possibly due to
B prospecting vbehavior, m‘olt,'or staging for rnigration»(_\‘/.ega Rivera et al. 1999,
‘2003b' Bayne and Hobson 2001b). Understanding space and habitat'
~ requirements for the entlre breeding season is lmportant for managlng
landscapes to conserve endangered specres (Pechacek 2004) as populatlons
may be limited by habitat requnrements during early- and late-phases of the
breeding season. - o
| The‘ management of SoutnwesternWillow: lflycatchers (Ernpidona)r trailli
extimus), an endangered neotropical migrant that breeds in riparian aréas’of tne
- Southwestem Unlted States (Sogge and Marshall 2000) is hmdered by lack of
| home range and habltat use data to estlmate space reqwrements for
conservatlon areas (Paxton et al. 2003) This subspemes was listed in 1995 W|th

| habltat loss and degradatlon as major reasons for |ts declme (USFWS 1995;

Marshall and Stoleson 2000) Although large-scale habltat characterlstlcs across
the breedlng range (Sogge et al. 2003 Durst-.et al. 2005) and nest-snte

| _charactenstlcs (Alllson et al. 2003 Stoleson and Finch 2003) have been

described for Southwestern Wl"OW Flycatchers, habitat selectlon and habltat use

at the level of terntory or home range have not. (From this point forward, the

terms flycatcher and Wl"OW Flycatcher will all be used and all refer to |

'Southwestem Willow Flycatchers).



Although Wiliow Flycatchers are consrdered npanan obllgates a recent

~ telemetry study in central Utah on the non-endangered subspecres E.t adastus ‘,

found Willow Flycatchers using non-nparlan habltat especrally when nests were
placed close to the edge of the rlpanan zone (Bakran and Pa_xton 2004,‘Paxton et
al. 2003). Whether and to what exteht E. t. extimus also .uses non-riparian : '
habitat may be especially important tor designatinghabitat_irnportant for species
s'urvit/al. |

Invasion by-exotic saltcedar ( Tamarix spp.) has chan‘ged the corhpdsition

: of many npanan habitats throughout the Southwest (Ohmart and Anderson 1982

Hunter et al. 1985, Hunter 1988 Knopf etal. 1988 Zavaleta 2000) and its .
impact on Southwestern WI||0W Flycatchers has been controversial Some

authors have argued that saltcedar habltats are of poor quallty for ﬂycatchers v

- (DelLoach et al. 2000, Dudley et al. 2000)_,_.wh|Ie others have found that potential

prey resources do not appear to be:tirrtiting'in ,t_hese habitats (Cohan etal. 1978, .

Durst 2004). Flycatchers do‘nest in are.a.s' with .saltcedar. components (Sogge et

- al. 2003 Durst et al. 2005) but it is unknown whether th|s habitat is underutrllzed

when wrthrn home ranges

In this study, I used radlo-telemetry to address the followmg questlons 1 )
Does home range size for male Southwestem WI||OW Flycatchers dlffer among
pre—nestmg, nestrng, and post-nestrng penods of the ‘breedmg seaso_n? 2) Does
non-riparian habitat make up any portton of the home rangejduring any oftthese -
periods? 3) Are riparian stands of varying ag..es or comoosition (exbtic 've'rs'us_

native) used more or less than expected at randorn'across these three periods?



- To minimize any potential impacts telemetry could have on nest attendance of
females and due to the endangered status of the sOb—species, only males were

used-for this study.

METHODS

Study Area

' This study was conducted during the 2003 ‘and_2004 bfeeding séasons_ s

(M"ay- August) along the Salt River and Tonto Creek_ inflows of Roosevelt Lake,

~ Gila County, Arizona, approximately 80 km northeast of Phoenix. Mature riparian

. vegetation was patchily distributed at both sites, with some areas dpminated by L

e éxotic saltcedar (Tamarix ramosissima) and qfh'ers by native Gd-dd'ding’sl willow
(Salix goocfdiﬁgil), although, m,osvt areas wére'a mix of these two species. - Matdre
patches were ofien separated by opén areas or éreas dgmiﬁéted by yc;ung,- ,
develdping ’ﬁpariah vegetation. _Surrounding halt.>ita‘t was Sonoran Desertv
| Uplands dominated by saguaro (Carneg_iea_ gigantea), pal‘o verde (Cercidium
'.microphylli:m), creosote (Larrea tridentata), a'nd s_crewbean‘ mesquite (Prosopsis
pubescéns)’. o B

Theh. Southwesteh Willow Flycétc’:her pépulaiioh at Rqoéevelt Lake has
been studied for almost 10 years, including an ongoing dérﬁograpﬁic study that
étaned in 1'.995. 'Ro'oslevellt Léke héd one of the largest 'p'op;.lla_tion's' of ﬂyéatchers
in thé Southwest with over 200 adults at the éite during both years of this study

(Durst et al. 2005; Newell et al. 2003, 2005). Over 70% of the population has



been banded and genetically sexed; and sute t' dehty and nest success are known'
for most individuals (Smith et al 2004 Newell et aI 2003, 2005 Munzer et al

2005).

Capture and Transmitter Attachment

Flycatchers were captured in mlst nets passnvely or by luring Wlth a

broadcasts of conspecific vocahzatlons (Sogge etal. 2001) Some birds tracked"

Cin thIS study had previously been sexed usmg sex specmc genetlc markers For ‘
~ all others, | classified a bird as male if |t Iacked a brood patch (mdncatlve of
| females), had a wmg chord Iength > 70 mm (90% or greater I|kellhood of belng

" male (USGS unpubl. data), and had prevtously been observed defendmg a

terrltory on more than two | occasmns Telemetered ﬂycatchers were banded wnth
a unlquely numbered color—anodlzed Federal blrd band on one Ieg, and one
metal color band on the other (Koronknewucz et aI 2005) |

| I attached Holohil (Carp, Ontano) LB-2N or BD-2N transmltters (expected
battery life 21 days; weight of _0.40-0-.48 g) usmg a glue-on method (Johnson et
al. 1992, Paxton ot al. 2003) that was dejmonstrated o be_safe and_eftectiye |
during a pilot study (Paxton et al. 2'»0'02)._;I glued a small piece‘ of cloth to the
back of all transmitters to increase absorbency and attachrnent surface a'rea -
(Johnson et al. 1991, Schulz etal. 2001 ) Wlth the addmon of the cloth backlng
and the epoxy necessary to set the actlvatlon wnres (LB 2N- only) fi nal welght of
the transmitters was 0.46 g to 0.50 g (3.8% to 4.2% of the welght of the . |
flycatchers), below the 5% rnaximum weight limit typically deemed 'safe. (Neudorf

and Pitcher 1997, Naef-Daenzer et al. 2001). Transmitters ‘we're attached using



Skin Bond® (made by Smith and‘ Nephew®) approximetely 1.5 cm above the
uropygial gland, where | trimrhed feathers to lees than 3 mm to expose a skin
'_surface for bondihg. Transmitter atfachment took appreximately 20 minl“Jtevs,
' rincluding banding and data collection. | |
.' | classified male ﬂycetchers as one of the fol!owihg feﬁr breeding status'
| Categerie.s: pre-nesting, nesting, pest-nesting, or ﬂeater_. Ideﬁned these
categories as: Pre-nesting- flycatchers exhibi‘ti'rvig; territorial behavior prior to the-
errival of females; Nesting - territorial ﬂycatcrllersA that vw'ere eithef unpa.ired after , y
arrival of females, or paired with a female that was hest-bdilding, ineubatin'g, or
' 'feedmg nestlings; Post-nesting - ﬂycatchers that had made a breedmg attempt : '
‘but were no longer actavely defendmg a temtory or spendlng tlme wnth a female 4
with young; Floater- non-territorial ﬂycatchers (temtona| behavnors such as
srnglng or defendmg afi xed area were not observed during the nestmg season of
May and June) | determined the nestlng stage (bunldlng, mcubatlng, nestllngs or
fledglings) by observatlons of female behawor momtormg nests, and/or utllnzmg
data obtalned from an on-going nest-monltonng project coancted by the Arizona

Game andA Fish Department (Muvnzer et al. 2005). .

' Rediotracking .

1 began radio-tracking the day after transmitter attaChment to allow time
for resumption of normal behavior folloWing handling stress '(SUedkamp :Wells'}et‘
al. 2003) I stratified points throughout the déy by tracking birds during the. -

‘ fnorning, midday, and afternoon periods. | randomized the daily‘ tracking



schedule for individual birds, tovavo‘id tracking vbirds ln the’ same order each day
Each bll’d was tracked every day durlng a glven period (moming, mrdday, or
afternoon) untll 4-6 points were obtained ata mmlmum of one half hour intervals.
| assumed that a half-hour mterval was suff crent to assure tndependence of
locations because this interval was greater than the t‘lme» it would take a -
flycatcher to cross its home range, a commonly used'standard for judging‘ _'
lndependence (White and Garrot 1990) Across all samplmg days for each bird,
each time period was sampled approxrmately equally

All birds were tracked by hommg-m on the sugnal usmg an R-1000
telemetry receiver: (Communlcatlon Specralists) and a ﬂexrble hand held 3-elment
yagr antenna (Biotrack Equrpment) Only two to three observers tracked all the

telemetered bnrds each year and all observers were tramed |n a similar fashlon to

minimize observer bias Ideally, a ﬂycatcher was located and visually observed

‘and the locatlon recorded via GPS (Gamnn Etrex Legend GPS Unit) after the

flycatcher moved on to another location Ifa ﬂycatcher could not be srghted
visually (usually because the b|rd remained hlgh in thick canopy) the Iocation was

estimated using the telemetry srgnal strength to |nd|cate when the bird was less

than 10 m away. When birds were tracked to extremely dense patches of

vegetation, the tracker tnangulated from _multlple_ posmons along the patCh edge
until the bird's approximate Iocation vvas ascertained'. Occasionally, ;ﬂycatchers
moved such long distances in a short amount of t_ime that the tracker} could not

home-in on the bird, and instead tr_iangulate_d'on the signal from 2-3 positionszon

hilitops above the floodplain. Positions we're'ta:ken within 5 minutes of each other



- to decrease the possibility of the vbird n'loving while triangulating._ Signal strength |
3 ‘frem the receiver was used to estimate distance from triangulation point tothe
bird’s location to‘help ascerfain allocation'. In these cases, | used the Distan.ce.
and Azimuth tool (v.1.4 e) in Arcview 3.3, to dravr r/eefors and estimated.the -
o quation to within 20 m of the intersection of these Iines. At}"e.aeh'location with

visUal'c'onﬂrmation | recorded: habitat type, vegetatien ~t§pe the bird was in, the
‘height of _the vegetation .where the bird was seen,‘ fype' of 'voealizations made,
type. of foraging activities, and any interactions with other ﬂycatcners. Whensi
located a bird withou'tv visual confirmation | recordea habitat type and

'vocalizations.

Data 'Analysis
. | Home Range Analyeis | | |
| calculated fixed-kernel based probab.iIiAstic home range sizes for all

ﬂycatchers with at.least 30 locations, the minirnun'r number typically needed for
' .unbiased eetimates of heme range sizee (Kenward 2001) | used the Animal
- Movement extension (Hooge and Eiehenlaub 1997) in Arcview 3.3 to calculate a |
95% probability home range and a 50% probabrllty home range correspondlng to '}
core area (Rivera et al. 2003b). | used least squares cross valrdatron to"
' determnne kernel size, which produces an objective and accurate home range:
estimate (Seaman and Powell 1996). Because the data were not normally
distributed I used a non- parametnc Kruskal Wallis Test to test for drfferences

between central tendencies of home range size among seasonal perrods. |



summarized the data as meansi_SEun_less otherwise noted, with alpha set at
0.05 for stat_istical tests.
Movement patterns

| used the Animal Movements extension (Hooge and ’E‘iIChenIaub_ 1997) in

Arcview 3.3, to calculate several measures of movement. | estimated the overall

magnitude of movement by determining the >distance between the two farthest
opposite locations for each bird. Tocharacterize the extentl of daily movements, |

also determlned the mean dlstance between each successrve locatron color-

coded movement vectors by date and tlme and plotted them in order to vrsuallze
| temporal pattern of movement. - |

Habitat Use and Availability

| used two methods to estima't'ev_habitavt'available to each ﬂycatcher,‘ one
based on movements and the other usmo_a .home range estimator. For ‘each‘
flycatcher | calculated the ‘a‘rithme‘t_ic mean ‘of_a'll locations using spider’_dis.tance
analysis in the Animal _Movementextension o‘fv-Arcview 3.3 (H'ooge and »v
E_ichenlaub» 1997) and then used_the- dista'ncevof: the farthest Iocation asthe
radius of a circle centered on the centroid Usibngvthis method i assu.med that all
habitats within this circle were available to a bird at the tlme the blrd was tracked ‘
(analogous to the methods of Menzel et aI 2001 Flg 1). | used thls method
because it was based on each bird’ s actual movements Usrng one dlstance for
all birds (Anders et al. 1998) may be appropnate when all bll'dS are tracked in the
same perlod (i.e. nesting or post—nestmg) however movement patterns may
change according to the nesting cycle The method | used controlled for

variation both among seasons and among lnd|v|duals. The relatrvely small,scale



- at Which habitat varied within home ranges precluded using other methods such
als those of Marziuff et al. (2004) and the fact that many home ranges did not'
_contain all 'habitat types precluded the use of methods recommended by 'v
"~ Aebischer et al. (1993).' | |
To investigate habitat use and selection over a more' imited spatial extent,

I defined habitat available to each .bird as that area within its home range -
estimated usmg either minimum convex polygon (MCP) or the kernel- based
. 95%home range estrmate (Vega Rivera et al 1999 2003 a b)
| | used high resotutlon rectified, aerlal photographs to classrfy riparian:
habitat accordmg to age as young (riparian vegetatlon <3 years old compnsed of '
either saltcedar or willow), immature (riparian vegetation'345~ )-lears old comprised
of saltc‘e’dar, willow or a;mixture of the two), or mature (riparian v.egvet'ation >5
- years old). 'Mature oatches were focat areas for the ﬂycatchers and they

| comprised most of the hab|tat in which ﬂycatchers bred (Allison et al. 2003) [
further drfferentlated mature patches as.native (Gooddlng s erlow made up
>75% of the vegetatron) exotic (saltcedar made | up >75 % of the vegetatlon) and . -
mixed (both W|Ilow and saltcedar were present but nerther made up >75% of the
vegetatlon). Upland (all non-riparian habitats above the hlgh water mark R
’dominated by Sonoran Desert Uplandﬂ vegetation) and ope'nvare‘as (exposed.
' ground tha‘t had <5% live woody vegetation ground cover) also occurred within
some flycatcher home ranges (Figs. A1 and 2). Any open water that_fell within the -

span of “available” habitat was excluded from analysis.'
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| calculated habitat availability fo_r"each bird as the 'petCentage of 'each_

habitat within the extent of either the spider'-bas.ed clrcle MCP or kemnel based .

home range estimates. | used a Chl squared test of heterogenelty (usung the
statistical software JMP 5.1) to determlne whether the percent habltat used
differed from the percent hab:tat avallable for each blrd and then used the
technique descnbed in Neu et al. (1974) to evaluate habltat selectlon | set alpha _
at 0.05 for these tests of heterogeneity and habitat selectlon.'_

. 1 also tested whether percent Canopyv composltion compn'sed of eXotic .

vegetation could dlscnmlnate between bll'd locatlons and random ponnts [ took

| vegetatlon measurements at16 randomly selected locatlons of each nestlng bll'd

and at 16 random points selected w:t_hln the splder dlstance radlus'by using the
extension Randorn Points generator-v 1.3 ‘(Je:nness 2_005):in Arcview 3.3. |

analyzed the data using a logistic tegtessidn _mcdel in JMP 5.1,

RESULTS

1

Banding, Tracking and Return Rates

" Banding and Tracklng

I radio-telemetered 20 male ﬂycatchers durlng 2003 and 15 dunng 2004 1 |
obtained apprcxmately 1300 locations from these telemetered_ﬂycatchers during
700 hours of tracking. | obtained enough locatlcns (2 28) frcm 11 birds .dun‘ngv
2.003 and from 15 birds during 2004 to calculate hcme range. “The mean ,number

of locations for these birds with 2 28 points was 52. Because ,tr_ansmitters lasted
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an average of 21 days and ﬂycatchers were caught-threughout théseas)on from
their arnvai in spnng to their departure in late summer nesting status of each bird_
'yaned based on when it was caught (Fig. 2). . Durlng the entire study, | estimated

- home range size for six pre-nesting flycatchers (two in 2003 and four in 2004), 12
| neSting flycatchers (seven in 2003 and five in 2(‘)04),‘feur pest-nesting ﬂycatchers

” (one |n 2003 a’nd‘ three in 2004), a.nd one floater caught in 2003 (Appendix 1).
Home range size was still increasing for some birds.with < 60 locations
suggestind that some of my calculated home range sizes may be
b-underestlimates. | -

| did.not collect enough data to estimate home range size for 12 - |
flycatchers. Of these birds, two had transmitters that failed dunng the first 24 _ .
hours, three had transmitters that failed durlng the first week after attachment
i and three others had transmlttersthat feII off before I cpllected enough Iecatlons
for home range analysis. During‘ 2603, three_fiycatchers apparently ieft the study
area. The Iast. ef the 12 flycatchers died three days after capture." When
released after transmitter attaehment it fiuttered to the groundv and was
subsequently neyer ebserved flying, although the signal indicated it was moving
' before death on the third day | | |
Return Rates _ A
Thirteen of the 20 ﬂycatchers radio'-teleme'ter'ed:during 2003 (65%)

returned to Roosevelt Lake in 2004, ’a'rate‘ comparable_ to th‘at’ obvsen'/ed for all
banded ﬂycatchers at Roosevelt Lake from 2000-2004 (53- 69%, Newell et al
~ 2005). Three ﬂycatchers from the 2003 season were re-captured and fitted with

a new transmltter; home range size was estimated in both years for only one
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bird. All recaptured ﬂycatchers had full re—growth of all back feathers where the

2003 transmitters had prevrously been attached

‘Home Range and Movement Patterns' :
Yearly variation _ | _b ‘ ' | |
| Kernel based 95% home range srzes ranged from 0 1 to 360 ha (} '=28.0
- 17.4) for all Southwestern Wlllow Flyca_tchers captured durrng both 'years of the
stq_dy.‘ During 2003, home range size ranged-trom 0.1 to 7. éha (x =15+ 0'7) a
and during 2004 from 0“2 to 360 1 ha (_ -52 3 + 31 7) The Iongest dlstance

'_ between peripheral locations of mdrvrdual bII’dS ranged from 37 to 2851 m (x -

. =645 + 286) and mean consecutlve movements ranged from 14 to 756 m ( X
'—124 * 62). Home range size dlffered srgmf cantly among nestlng seasons
v.(KruskaII Wallrs Chr-square approxrmatlon = 11 54 P=O 003) with home ranges‘ |

| ‘ Iargest during pre- and post—nestmg perrods and smallest durlng the nestrng
penod | did not test for dlfferences between years however the home range
 sizes were similar between both years of the study Detalled movement and

home range maps of mdwrdual blrds are glven in Appendlx 1 and 2

, Pre-nestlng penod

Although, all pre nestlng ﬂycatchers had weII-def ned defended areas
where they exhibited territorial behavrors such as smgmg and chasrng other
males, home ranges and movement patterns were variable: However three
 (WIFL 2, WIFL 1 and WIFL 52) made movements away from therr defended
territory into areas where territorial behavior was not observed. The-mean_

longest distance between sequential locations for these three ﬂycatchers was
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- 643 m (range= 390 - 819 m versus 20 £ 1 m for the three birds that did not

‘ move away from defended territories). WIFL 2, tracked during 2003 had a non-

contiguous home range divided by the Salt River, whereas, WIFL 52, tracked

~ during 2004, exhibited territorial behavior in one area, then moved to four other

areas (up to 2 km away from the capture location) and finally settled into a new

patch where territorial behavror was agaln exhlblted (see ﬁg 4). A female

'eventually settied and nested in this latter patch (Munzer et al 2005). WIFL 52_

was not seen at Roosevelt Lake during 2003 (Newell et a| 2003) and was liker

not at the site durlng that year. The other three pre-nestlng ﬂycatchers had

N

contrguous home ranges and had home ranges srmrlar in size (x = = 0. 27 +0.03 "

ha pre-nesting) to nestrng ﬂycatchers (x = 0 38+0. 08 ha nestlng) Two of

these pre-nestmg birds were seen |n the same area the year before The mean

: : home range size for all pre-nesting ﬂycatchers was 9 91 ha. However thrs

statistic was heavnly mfluenced by WIFL 52 a transuent ﬂycatcher that had a

home range of over 50 ha Without thls burd the mean home range size was

0. 55 ha (z 0.2) with WIFL 2 still exhlbrtlng a home range size > one ha. -

~ Nesting period

" Southwestern Willow Flycatchers had the smallest home_ ranges during

the nesting period (x = 0.38 1 0.08 ha). Most home ranges were contiguous, -

with the mean distance between points of 26 m (£ 3 m) and the mean longest

: distance moved of 92 m (i- 13 m) (Fig. 45) However, five ﬂycatchers made short

movements (under 100 m) away from their defended area. Three of these

flycatchers were either un- palred or thelr females had left after a breedlng
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attempt. We found the nests of the ﬂve-telemetered ﬂycatchers; in altfcase's the
nests were found within the 50% kemel home.rangve_; e |
Post—nestmg period i L ‘ |

Post-nesting Willow Flycatchers had the |argest home ranges dunng both
years (x =143. 23 + 83.52 ha) and aII home ranges were non—contrguous wrth at

1

least 2 use areas. Movements vaned among lndlwduals but WIth some’

consnstencnes Two ﬂycatchers (tracked at the same SIte in dlfferent years)

moved back and forth between therr core area and the river's edge where they

were seen feeding on an outbreak of Tamansk Leafhoppers (Opsrus Spp ), a

known flycatcher diet item at this site (Durst 2004) Three ﬂycatchers made Iong =

o movements away from their breedlng areas and/or capture Iocahons to areas -

where they stayed for extended penods (2 7 days) In contrast one ﬂycatcher

. moved to other breeding areas dally, sometlmes movnng 2 km in one day (Flg 6).

‘The mean of consecutive movements for post—nestmg blrds was 297 m, an’ 11-

fold dlfference between nestlng blrds and a four-fold lncrease from the pre-

-nesting birds.

FI’o_abte.rHi N _

| The one floater caught dunng thrs study had a home range of 7.57 ha .
eight times larger than that of pre- nestlng b|rds but smaller than that of most -
post-nesting ﬂycatchers. This bird’ s wmg ~chord was~70mm Iong |nd|cat|ng'|t was
more than Ilkely a male (USGS unpub/ data) The ﬂoater had a non-contlguous
home range with three use areas all centered near other ﬂycatcher breedlng sites
and with h|s core area overlapping another telemetered flycatchers home range

The floater was never observed to interact with the bird occup_ylng the territory
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.overlapping his core area. However, he returned to Roosevelt Lake in 2004 as a
| kbree‘ding territorial male paired with a female (Newell etal. 2005). |
Overlapping Home Ranges | .
Overlap‘ping home ranges occurred dUring‘ both years of the study, during
_ both the pre-nesting an.d'nesting stages, including overlap of 50% and 95%' .
: ’hom.e'ranges. Overlapping home vranges only occurre_d‘with bivrds{sharing a
territory boundary. During 2004, two pre-nesting tl)rcatchers had adjacent
terntones with 19% and 29% overlap of 95% home ranges and 7% and 6%
' overlap in core areas Nestmg birds had overlapplng home ranges dunng both
years of the study, including two blrds during 2003 vand four b|rds during 2004.' .
Overlap of 95% home ranges averaged 19% (¢ 0-44) and overlap of core areas
" averaged 14% (+ 0.06).
~ Habitat Use | |
| lflabitat availability and upland habitat use
| calculated habltat avallablllty based on three measures of the area

avallable splder distance, kernel and m|n|mum convex polygon (MCP) home

range estlmators The MCP and kernel estlmators encompassed snmllar areas,
- and so l only report results based on MCP method, because the kernel estimator
ellmmated some habitat types birds used. The areas encompassed by the splderl
distances were sugmf cantly greater than the areas encompassed by MCPs
: (Kruskall Wallis Chi-square apprommatron =111.6, p <0. 0001) and so | present
results for both these deﬂnitions of availability. . |

Because habitat a\)ailabil_ity was determined on an indivldual basis,

flycatchers with larger home ranges had the most "available” habitat types,
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whereas flycatchers with the smallest home ranges had the fe_west (Kruﬂsk"all
Wallis Chi-square approximation =9, 2? p=0. 023) ;As a consequence vpost- '
nestmg birds had access to seven habltat types whereas nestlng birds had ‘

‘access to as few as two habitat types '

Vegetation Age and Composmon
i

Flycatchers used mature vegetation more than expected at random durmg
all three periods of the breedmg season (an 7) Although rmmature vegetatlon
' was used less than expected, both’ lmmatureand young stands were used to
some degree. Upland habltat was avar|able to ﬂycatchers durlng both years of ‘
the study, by both measures of avallablllty However no ﬂycatcher was ever
observed usmg upland habrtat even when thts-habltat type co}mpnsed >_»40%vof
the habitat available to some post—nestrng ﬂycatchers | | |
| Relatlve use of native, exotlc and mlxed mature npanan habltats was
confounded by the fact that not all blrds had all three vegetatlon types avallable
within the area deﬁned by sprder dlstan_ceor MCP. However, three of the ‘four '
. pre-nesting birds, four of 13 nesting birds and' alt post-nesting birds had more
than one.available mature vegetationtype avaiiable to them |
Among pre-nesting birds, one btrd (WIFL 1) had all three mature habltat
types available and it used native. habrtat more than expected from avallabrllty
based on spider distance but exhlblted no selectlon when avarlablllty was based
on its MCP (Tabie 1). Two brrds (WIFL 2 and WIFL 52) had only mlxed and
natlve mature vegetation avanlable to them and both selected for mlxed habltat
when availability was based on splder dlstance, but exhlblted no-selectron}_on the _

basis of MCP home range (Table 1)
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Four nesting flycatchers had > one mature vegetation type available to

.tham'; six ﬂycatchers had access to only mixed fnatnfe vegetation, and two had

~ no access to mature vegetation. One flycatcher (WIFL 21) had access to mixed -
o and exotic mature vegetation, and selected for exdti‘c vegetation whereas three
" birds had access to native and mixed mature vegetation, and selected for mixed

~ (Table 1)

Three of the four post-nesting ﬂycatchers had access to mixed, nattve and '
exotuc mature habitats and selected for mlxed vegetatlon based on both

measures of avallablbhty.' One post-nesting ﬂycatcher_had accessto only mbixed' '

~ and native habitat and selected for neither (Table 1)

The percent of canopy compnsed of exotlc vegetat:on dnd not dlscnmlnate o

_ between ﬂycatcher locatlons and randomly Iocated points: (P=0. 8576 F|g 8) The

o logistic regressnon line was nearly horizontal, suggestlng that ﬂycatchers did not .

select for or'aga'inst presence or abundance of exotic saltcedar. .

DISCUSSION

‘Variation in home range size through the breeding season

All Southwestern Willow Flycatchers tracked during the nesting period
made short movements and had home ranges under one hectare. These results

are comparable to those of other studies that have dés_cribed 'te'r_'ritoz"y size for

| non-endangered E. traillii subspecies thfoughout the United States: 073' ha for E.

" t. brewsteri (Flett and Sanders), 0.4 ha for E. t. traillii (Prescott 1986), 0.3-0.8 E. t.
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traillii (Walkinshaw 1966), and 1.7 ha E t adastus (Eckhardt 1979) Only one
other study used telemetry to descrrbe home range size (Bakran and Paxton
2004), finding that home ranges of male E t. adastus averaged 0.8 ha Overall
the srmrlarlty of estimates based on telemetry and spot—mapprng is surpnsmg
given that telemetry based estrmates of home range srze for several other _' ,

_' species were often considerably Iarger than those denved from mapping song
perches (Hanskr and Harla 1988). My telemetry-based estlmates of h'ome range
size may be underestimates due to the short three-vveek Irfespan ofthe -

- transmitters. In contrast, spot mapprng estlmates are often based on '-
observatlons collected during the entrre nestrng season.

Pre-nestmg birds had hrghly vanable home range srzes. asa result of
some birds usmg multiple habrtat patches and others occupylng extremely small '
v_ areas. Few studres have followed radro-telemetered brrds durmg the pre-nestrng
_season and therefore comparison wrth other studres is Irmlted Two other
telemetry studres found drfferences between pre-nestrng and nestlng movements
- (Pechacek 2004, Roth et al. 2004) but nerther of these studres rnvolved
migratory passerine specres o

A mlgratory passerine returmng to lts breedlng srte must make lmportant
decisions about territory selection, whrch wrll eventually affect survworshrp and
productivity (Brown 1969, 1975 Sergro and Newton 2003 Formlca et al. 2004)
Larger home ranges during the pre-nestrng penod are consrstent wrth exp|oratory
behavior undertaken to assess habitat qualrty (e g prospecttng) (Reed et al

- 1999, Doligez et al. 2002, 2004 Part and Dolrgez 2003) in W|Id Turkeys
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females that prospected over the'largest area or greatest diversity of habitat

’_ types had greater reproductive suocess (Badyaev et al. 1996). While I could not.

~ directly address this hypothesis because of small sample siaes and lack of data
on reproduction, half of the pre-nesting ﬂycatchersvl t'racked assessed multiple -

- habitat patches. Two flycatchers moved to patches _occupied by other ﬂycatchers

befo're- females occupied their defended area. One ﬂycatcher. (WIFL52) caught at

' the begmning of the season, traveled through four habltat patches occupied by

other ﬂycatchers moving over 700 m before settling in one area Early season . .

assessment of large areas could contribute to higher _reproductive output by

| ’facilitating discovery and occupancy of'the highest'quality territories. _' .
vVariation in pre-nesting prospecting could be explained by,differences |

among birds in previous experience at a site. Blrds ret_uming to a familiar site :

may engage in less prospecting because habitat'assess‘rnent' may have occurred -

' during previous years. Qne of the flycatchers }vvith a very large home range in |

the pre-nesting season (WIFL 52) had not been reoorded at RooSevelt Lake the

| year before ! tracked it and may have been unfamiliar Wlth the area. In contrast

a flycatcher wrth one of the smallest pre-nestlng home ranges (WIFL 51) had

bred dunng the previous five years in the same area at Roosevelt Lake (Newell

~ etal. 2005).

Post-nesting birds all made long-distance movements away-from their
nesting area, a finding consistent with other studies of migrant passerines
(Cherry 1985, Rappole and Ballard 1987, Vega Rivera et-al. 1999, 2003b) Two

birds left their nesting areas and moved to another srte, remaining there untit |
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lost their telemetry signal five days to two weeks later The other two blrds
moved more frequently and returned to the|r breedmg patch several tlmes '_ R
Varlatlon in post-nesting behavror has been descnbed by Vega Rivera et al,

(2003b) for Scarlet Tanagers (Plranga ollvacea) rangmg from establlshment of

-new home ranges by some birds to movement back to thelr breedmg terntones
~ by others. Bayne and Hobson (2001b) hypothesrzed that some post—breedlng

- movements of radio-marked Ovenblrds (Selurus aurocaplllus) may have mvolved

prospecting, which may have been the case for ﬂycatchers as well. Fchatcher

habltat is dynamrc with often dramatlc annual changes ln river levels and npanan a

plant growth. Flycatchers may need to prospect by explonng dlfferent habltats to

detect changes affecting the locatlon of hlgh quahty territories. Sw1tzer s srte

ﬁdelrty model (1993) argues that anlmals occupyrng spatrally and temporally

vanable habltat may not exhibit site ﬂdellty whrch is con3|stent W|th ammals
prospectmg more frequently in dynamlc systems to assess changes to habltat

. The one floater tracked dunng th|s study showed a preference for habltat

o in Wthh other ﬂycatchers were breedlng Although thrs bird drd not exhlblt '

territorial behavnor anytrme while monrtored he was found almost always near
breeding ﬂycatchers

The presence of ﬂoaters may suggest saturation of breedlng habrtat

(Smith 1978, Winker 1998) The ﬂoater was captured dunng 2003 a year after

record-setting drought (NOAA 2003) resulted in near complete reproductrve
failure of the populatlon during 2002 (Newell etal. 2003 Smlth etal. 2004)

leen the reduction in population size that followed saturatron of swtable
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‘breeding‘habitat may not be the best éXpIanation %or hisf behavior. _Instead, this
'birdvr'nay have been exhibiting an alternative bréeding_ étrategy by searching'for |
either extra-pair fertilizations (a phenomenon docum“ented in Willow Flycatchers
‘(-Pearson 2002, USGS unpubl. Data), prospéctiné for a’}uture territory, or
unsUccéssfully monitoring the area for a vacancy‘(Bvayn'e and Hobson 20015,

 Tobler and Smith 2004).

Exploutaﬂon of ephemeral food resonrces
Although some ﬂycatchers may have moved Iong dlstances dunng thIS
~ study to assess habitat, others moved long dlstances to explon an abundant food |
: 'resource (Krebs 1971). During the bdst—nesﬁng pel;iod twn birds were onéewed
foraglng outside thelr breedmg areas in habltat with temporanly hlgh densxtles of
= aquatic insects and/or tamansk leathoppers (Ops:us sp) One area had
ephemeral insect ﬂushes exp|0|ted by ﬂycatchers dunng both years of the study,
although mvolvmg different birds each year Exploutlng abundant food resources -
- may be especially |mportant during the post—nestmg season when blI'dS are
staging for mlgratlon and may explain why marked blrds of other specnes are
found outside of breeding territories (Cherry 1987, Rappole and,BaIIard 1987) . - .
~ - and exhibit long movements aWay frorn‘ breeding afeas (Bayné and Hobson e

2001b, Vega Rivera et al. 2003b).
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Habitat use and selection

The male Southwestern WIHOW Flycatchers tracked durlng this- study at
Roosevelt Lake made no use of upland vegetatlon Thls result differs from
observations of E. t. adastus in central Utah where >'60% of all tagged ~b|rds '
used upland vegetation during both years of the study (Baklan and Paxton 2004,
Bakian unpubhshed data). This dlfference may be attnbutable to the wrde
floodplain around Roosevelt Lake, 'Wthh resulted in Irttle upland vegetatlon within
" 50 m of ﬂycatcher breeding areas, in contrast to the central Utah study area
where a narrow canyon resulted in ample upland vegetatlon wuthm 10m of some
flycatcher nests (Bakian and Paxton 2004) Upland vegetatlon also dlffered
between the Utah and Arizona study areas ln Utah vegetatlon oonsustlng of
~ mixed shrub (Artemes:a sp., R/bes sp Chrysothamnus Sp- ) and forest (P/cea
sp Ables sp Pseudotsuga sp and Populus sp ) may have been more attractlve t
to flycatchers than the.Sonoran Desert upla_nd:s_lsurroundmg,Roosevelt Lake.

Male Southwestern Willow FlycatChers used rlparian‘stands of all ages
during all three periods of the breedli.ng ,séasoh at Roosevelt _Lake, but used
mature-riparian yegetation mo_st fr_equently,} consistent with previous'v\lv_or'k that
documented most t)reeding;birds in mature hahitat (Alllson et’al. '2’00'3).“ o
However, all birds made some use of immature _and‘y0ung’vegetation,‘Whichl
often surrounded the mature patches at Roosevelt -:Lake. ln_fact, two flycatchers. o
used immature habitat almost exCluslvely during the 2004 nesting periOd -
Because riparian vegetation grows rapldly, lmmature habltat may quuckly |

increase in quality as it develops the dense canopy and thick understory that
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- flycatchers apparent|y prefer. Roosevelt Lake's water levels have fluctuated
markedly (from 9% capacity- in 2002 to 30% capacify in 2004, SRP 2005) during
the past 8 years, exposing and inundating areas of the lakebed, with an o_\/erall
net increase in riparian habitat. Flycatchers have, .r'esponded to this change by -
rncving from older patches to younger patches over time (Nen/ell ef al. 2003,

' 2005). | |

Non-native saltcedar has become an. irnportant "comnonent of the riparian' ._

'~ vegetation around Roosevelt Lake; flycatchers in this study did not strongly avoid.

habitats with saltcedar components. This is consistent with other recent studies v S L

that suggest‘ saltcedar-dominated habitat is suitable fcr flycatchers in some areas
(Durst 2004, Owen et al. in press, Sogge et al. in bress’). Six 'of_ the birds l f |
‘studied duringv the nesting period were in areas doMinated by a fhi)duré cf exctic :
© and native \'/egetation,.sc much so that these were the _only. habitat vav‘a;llable
based on MCP and Spider distance estimates;_ A'Itho‘ugh some birds used n.atiVe o
Qegetatien mcfe‘than expected based on aQaiIabilify one bird ueed exoﬁc more.
Habitat selectlon occurs at multlple spatnal scales (Johnson 1980 Hutto 1985,

| Aeblscher et al. 1993), and whether birds in this study may have selected habitat =
at broader scales by settling preferentlally in areas dommated by one vegetation :
type or another was beyond the scope of this study.’
| Although other researchers have described major changes in habltat
selection between nesting and post—nestmg penods (Rappole and Ballard
1987;Vega Rivera 1999, 2603b), ﬂycatchers at R'oosev'elt Lake“,did 'not shift to

different habitat types at the end of the breeding season. Post-nesting birds
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were most fre_duently found in rhabita_t patche_su;sed dIUring the nesting period‘, ‘
The only shift in habitat use was increased use ‘of immature habitats; a s.'hiftthat
could indicate heightened prospecting in areas 'that would be |n later stages of
development dunng the coming year Just as llkely, however birds stopped in’

these areas while moving between breedmg patches

‘Management Implications

_ Nesting period home ranges' SUbstantiallyvUnder—represented the total area' ‘

used by male Southwestern W|Ilow Flycatchers dunng the breedlng season

:»because pre- and post—nestmg home ranges were much Iarger than durlng the

nesting period. In contrast to some other neotroplcal mlgrants ﬂycatchers dunng |
thls study did not substantially change use or selectron of habltats dunng dlfferent
penods suggestlng that habltats used dunng the nestmg penod met the

demands for pre- and post-nestlng per_lods_._‘ Although ﬂycatchers in th_ls_ study

primarily used mature riparian vegetation, they also used younger habitat,

" suggesting that a mix of development stages‘should be maintained. Within

mature stands, birds did not avoid areas With substantial nOn—native saltcedar,
suggesting that extensnve removal of saltcedar may not be necessary for -
maintaining suitable ﬂycatcher habltat Although ﬂycatchers dld not use upland
habitats during this study, Auplands_ may be |mport_ant components of vhome »
ranges in other drainages with smaller:tl'oodplains o‘r different u'pla_nd' plant‘ .

communities.
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Tables and Figures

= WIFL 21 Locations
B3 Available habitat: Spider
3 Available habitat: MCP

WIFL 21 Spider distance
analysis - S

~« Longest distance moved
from arithmetic mean of
locations :

Habitat types

exotic
) mixed

Figure 1. Habitat availability for a nesting flycatcher. Telemetry defined locations are
- shown by the boxes with dark circles. The spider distance analysis is shown with biue lines
and the yellow line indicates the longest distance'moved from the arithmetic mean of all
locations: The area considered available based on spider distance is the area within the red
circle and the minimum convex polygon is shown in pink. Habitat types are indicated by
dark blue for mixed habitat, light blue for exotic and medium blue for open areas. -
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 — ,Nest‘ivn_g > 'Pos‘i-nes"ti'ng -

May 1- May 22  May 1'5.',_- Juyl  Julyi1- Aug.157"._-' |

Pre-nesting

Figure 2. Breeding periods and dates birds Wefe monitored for_all male ﬂycetchéfs‘ with’
> 28 locations. 2003 fiycatchers are shown in black, 2004-birds -are dotted boxes. The
X-axis represents nesting stage and the approximate dates of each breeding stage.
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Figure 4. Movement patterns for WIFL 52, a pre-nesting flycatcher. Yellow dots indicate a
location for WIFL 52. Red flags indicate accupied habitat by breeding flycatchers in 2004.
Graduated blue arrows indicate the bird’s-movement during the time it was tracked.
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& WIFL 64 LOCATIONS
WIFL 64. Kemels :

' Figure 5. Home ranges (95% kernel contours) and core areas (50% kernel contours) for

three male flycatchers tracked simultaneously during the nesting period of 2004. WIFL 64
locations and home range are indicated in green, WIFL 63.in red and yellow and WIFL 64 in
purple. -~
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Figure 6. Movement patterns for WIFL 74, a male ﬂycatcher followed during the post-
nesting period. Yellow dots.are telemetry locations and red flags indicate areas where other
flycatchers bred in 2004. Blue arrows indicate-movement for WIFL 74 graduated by time.
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Figure 7. The amount of young (hatched), immature (black) and mature (white) riparian
vegetation available in the area defined by spider distance and MCP versus the
percentage of vegetation types used by male Southwestern Willow Flycatchers in the pre-
nesting (A), nesting (B) and post-nesting periods (C).
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Figure 8. Proportional probability that a point was random versus a bird location
relative to percent of vegetation canopy comprised of exotic saltcedar, The X-Axis
indicates the percent of exotic within the canopy and the Y-axis shows the
probability of finding a nesting Southwestern Flycatcher at each exotic canopy
composition. The logistic regression model was not significant (P= 0.8576).




Table 1. Stage within the breedlng season, avallable mature habltat type, and percentage of each habitat used and-available is Ilsted Only significant
availability is shown for each habitat type. The X2 for both Spider and MCP availabilities are given. Selection is glven for s'gmﬁcant avatlabmty only and
the P value. NS= Not significant. Dashes indicate habitat not available.

. PercentagePercentage] Percentage | Percentage |Percentage 2 2 :
stace  |AvalableMalure| . ["of Native | of Native | of Exolic | ofExctic | of Mixed | yorenagedl | X | X | se(ecrTioN
P used Available |. used _ | Available . used ' i
. Native, Exotic or - | 62.62% 19.81"6 ) - SPIDER P <0.0001
Pre-nesting Mix 1 88.73% Spider 1.41% Spider 9.86%. | 17.57% Spider | 22.28 1 .81 Native: MCP NS
. . ) 61.26% | ' . ' SPIDER P <0.0001
Pre-nesting Native or Mix 2 13.54% Spider R - 86.46% 38._74% Sp!der 27.4928 | 383 | ~ Mix, MCP NS
48 57% . ’ . ' SPIDER P= 0.0009
“Nesting Native or Mix 3 35.57% s F.ﬁd or _ _ 64.34% | 50.42% Spider | 11.08 | 9.91 | Mix, MCP P=0.0016
. » » A o 4 Mix
, : 61.48% 4 nEE SPIDER P= 0.006
Nesting ExoticorMix | 1 _ . 8621% | Spider, | 13.70% |3352% SPA) 745 16420 | Exotic, MCP P=0.011
: . 163.55% MCP| : : ‘ Exotic
39.05% . 26.89% . p
. Natlve Exotic or . Spider,; Lo 34.06% Spider; SPIDER and MCP P<
Post-nesting Mix 3 9.88% 21.19% 0 0 ?g;!e&,cp 90.12% 68.03% MCP 1_14.16 19.43 . 0.0001 Mix -
MCP: e .
Post-nesting | ExoficorMix | 1 . _ 7143% | NS | 2857% | - NS 0.07. (0275 Both NSP>0.05
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 Appendix 1

Table 1. Home range sizes based on fixed Kernel 95% and 50% contours, longest distance moved between points .
and mean distance between consecutive points. Bird #, Year tracked and Breeding ‘Stage‘_are also given.” -

Fixed Kernel .

Breeding 95% (in- | 50% (ih, between points (in consecutive
Stage Year Bird # ha) .| " ha): | . meters)" ' movements
2003 | WIFL 1 107 | 028" 819 63(16)
2003 | WIFL2 0.97 0.20" -390 67 (12) -
Pre- 2004 |'WIFL51| o027 0.05 62 20
nesting | 2004 |wiFL52| 6544 | 1042 722 239
2004 | WIFL53] 018 | . 002 © .42 18
2004 | WIFL54 | 027 .|' 005 ] 99 21
2003 | WIFL 11 0.10. | 002 33 16 (1),
2003 | WIFL14| 024 | 003 115 27 (3)
2003 | WiIFL17 | o097 ..0.16 144 . - 44.(5)
2003 | WIFL21-] 051 . 0,07 89 34 (22)
2003 | WIFL22| 060 1 0.04 76 35(3)
Nesting 2003 |WIFL23| 076 . 0.11: 127 38(7)
. 2003 | WIFL32 ]| 027 0.04° | 170 24.(4)
| 2004 | WIFL62| 032 | . 005 99 26
2004 | WIFL63| 0.15 001 40 18
2004 | WIFL64| 0.16 - | . 0.03 37 14
2004 | WIFL65| 026 005 . 123 22
2004 | WIFL 66 0.26 0.03 50 . - 18
2003 | WIFL41 | 391 0.46 1129 ~ 94 (22)
2004 |wiFL71| 407 062 190 © .83
nisz:;g 2004 | WIFL72 | 176.34 474 . 2341 161 :
2004 | WIFL73| 3263 | - 4.69 1275 175
2004 | WiFL 74| 36005 | 4643 2851 756
Floater WIFL31 | 757 | 1.79 91 (14).
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 Appendix 2: Locations avnd‘home range estimates for tele-

metered Southwestérn Willow Flycatt:hers at Roosevelt Lake,AZ

The following pages contain home‘range information for ﬂycatchers telemetered
in 2003 and 2004 at Roosevelt Lake, Arizona. Hom'e r‘angesv are shown with the
t'lxed kevrnelgmeth-od for male ﬂycatchers with at teas’t 28 locations collect_ed. The |
- fixed kernel method vvas calculated ustng -95% and 56% con'to_ursv. ' The '95% o
kernel contour is snown in the solid blue color, and ._the 50% kemnel c_ontourvis_ |
b_ ' s‘hown in the solid green color. Bird Iocations are shown vvith -a t:ircle containing -
- ablack dot The location of actlve nests (actrve while the ﬂycatcher was belng
| tracked) is lndlcated by a purple star. The 2003 and 2004 erlow Flycatcher
| » terntones are shown with the small red ﬂag The blrds are shown by breedlng |
stage with pre-nestmg first, nesting second, and post-nestmg thlrd andthe floater
last, Home ranges are followed by movement patterns Movement patterns for -

aII blrds that moved over 600 m are shown W|th graduated colors by time.
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