l lb II /‘ 7 | UNIVERSITY
LIBRARIES

UNLV Theses, Dissertations, Professional Papers, and Capstones

5-2011

An Ecological study of peregrine falcons (Falco peregrinus) at
Lake Mead National Recreation Area, 2006-2010

Joseph Graham Barnes
University of Nevada, Las Vegas

Follow this and additional works at: https://digitalscholarship.unlv.edu/thesesdissertations

0 Part of the Desert Ecology Commons, Environmental Indicators and Impact Assessment Commons,

and the Poultry or Avian Science Commons

Repository Citation

Barnes, Joseph Graham, "An Ecological study of peregrine falcons (Falco peregrinus) at Lake Mead
National Recreation Area, 2006-2010" (2011). UNLV Theses, Dissertations, Professional Papers, and
Capstones. 1028.

http://dx.doi.org/10.34917/2396891

This Thesis is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV
with permission from the rights-holder(s). You are free to use this Thesis in any way that is permitted by the
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself.

This Thesis has been accepted for inclusion in UNLV Theses, Dissertations, Professional Papers, and Capstones by
an authorized administrator of Digital Scholarship@UNLV. For more information, please contact
digitalscholarship@unlv.edu.


http://library.unlv.edu/
http://library.unlv.edu/
https://digitalscholarship.unlv.edu/thesesdissertations
https://digitalscholarship.unlv.edu/thesesdissertations?utm_source=digitalscholarship.unlv.edu%2Fthesesdissertations%2F1028&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1261?utm_source=digitalscholarship.unlv.edu%2Fthesesdissertations%2F1028&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1015?utm_source=digitalscholarship.unlv.edu%2Fthesesdissertations%2F1028&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/80?utm_source=digitalscholarship.unlv.edu%2Fthesesdissertations%2F1028&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.34917/2396891
mailto:digitalscholarship@unlv.edu

AN ECOLOGICAL STUDY OF PEREGRINE FALCONSALCO PEREGRINUS

AT LAKE MEAD NATIONAL RECREATION AREA, 2006-2010

by

Joseph Graham Barnes

Bachelor of Science
Baldwin-Wallace College, Berea, Ohio
1997

A thesis submitted in partial fulfillment of
the requirements for the

Master of Sciencein Biological Sciences
School of Life Sciences
College of Science

Graduate College
University of Nevada, LasVegas
May 2011



Copyright by Joseph Graham Barnes 2011
All Rights Reserved



UNL

UNIVERSITY OF NEVADA LAS VEGAS

THE GRADUATE COLLEGE

We recommend the thesis prepared under our supervision by

Joseph Graham Barnes

entitled

An Ecological Study of Peregrine Falcons (Falco Peregrinus) at L ake
Mead National Recreation Area, 2006-2010

be accepted in partial fulfillment of the requirements for the degree of

Master of Sciencein Biological Sciences
School of Life Sciences

Daniel B. Thompson, Committee Co-chair
Jef R. Jaeger, Committee Co-chair

John T. Klicka, Committee Member

Chad L. Cross, Graduate Faculty Representative

Ronald Smith, Ph. D., Vice President for Research and Graduate Studies
and Dean of the Graduate College

May 2011



ABSTRACT

An Ecological Study of Peregrine Falcons (Falco peregrinus)
at Lake Mead National Recreation Area, 2006-2010

by
Joseph Graham Barnes
Dr. Daniel B. Thompson, Examination Committee Co-chair
Professor of Biology
University of Nevada, Las Vegas
Dr. Jef R. Jaeger, Examination Committee Co-chair
Research Assistant, Professor of Biology
University of Nevada, Las Vegas

Peregrine Falcong-@lco peregrinusrepresent an encouraging conservation biology
success story in North America during the twentieth century. Their digbriband
population size suffered major restrictions after the initiation of widadppplication of
the synthetic pesticide dichloro-diphenyl-trichloroethane (DDT) withirlLti® in the
1940s. The species was federally listed as endangered in the U.S. in 1969 and was then
delisted in 1999 after DDT was banned in 1972. Herein, | present my ecologieatihese
of peregrines within Lake Mead National Recreation Area (LMNRA), coraamgron
the years 2006-2010. This thesis is comprised of two chapters. In the first chapter
describe the development, testing, and utilization of a novel call-broadcast survey
protocol to quickly establish territorial occupancy of peregrines. The fiegiter
represents an article being prepared for publication in early 2011, co-authoredfdth J
Jaeger, and Daniel B. Thompson, therefore | use plural pronouns throughout this chapter
to keep it consistent with the future publication work. In Chapter 2, | present results of

my ecological studies of peregrines, focusing on known breeding population size,

reproductive efforts, spatial distribution, foraging ecology, and competitn the



second chapter, | also report on aquatic bird abundance data | collected dupacatese
inventory and monitoring project conducted within LMNRA from 2004-2009. The
aguatic bird data indicates seasonal shifts of potential prey in relatdiseoved and
collected peregrine diet composition. The ecological results presentedateChare
consistent with a healthy, still-increasing, breeding population of peesgrifihe
seemingly recent expansion of breeding peregrines in areas far fromwitieheir
depressed level of reproductive success, indicate a likely habitat quaditgrgrthat may
act to limit future population growth in the region. Most compelling, are the abundant
availability of aquatic birds, and the high dietary composition of those birds gripere
territories in close proximity to permanent water. Additionally, | documeim@aeased
number of intraspecific agonistic interactions over time, which indicatestglensi
dependent factors may begin regulating peregrine numbers in highly suitadglangre

habitat.
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CHAPTER 1
A CALL-BROADCAST APPROACH FOR RAPIDLY ASSESSING
PEREGRINE FALCON TERRITORIAL OCCUPANCY
Introduction

Peregrine Falcong-&lco peregrinud represent a success story for conservation
biology (Ratcliffe 1993, White et al. 2002). This formerly endangered speciedewas
listed in 1999 following increases in nesting success and population numbers in a wide
variety of habitats across North America (USFWS 2003). Yet as numbers of thesspe
continue to rise, monitoring population trends remains important because these top
predators can be used as bio-indicators of regional ecosystem health. In Nevada,
peregrines were considered extirpated as a breeding species from the 19kfs 1884
(Walton et al. 1988, Floyd et al. 2007). The first breeding pair in the state in well over
two decades was documented in 1985 along the shoreline of Lake Mead within the Lake
Mead National Recreation Area (LMNRA), near the border with Arizona. Maomgtaf
peregrines within the recreation area since 1985 has tracked a rapid inctease
number of occupied territories, reaching a maximum of 33 in 2010.

Over the years, monitoring of peregrines within LMNRA has varied with regpect
objectives, intensity, and methodology. In 2006 we implemented on an annual basis the
standard post-delisting protocol for monitoring peregrines as recommended h$the U
Fish and Wildlife Service. This protocol calls for a minimum of three passive survey
each up to 4 hr per site, to determine occupancy and document reproductive success
(USFWS 2003). However, with the growing number of territories at LMNRA, the

passive protocol became impractical given the time required to monitor a hightpge



of the known territories (an objective of resource managers at that time)ecqDensy,
we developed and tested a call-broadcast survey protocol to efficientlyontbeit
increasing number of territories within the recreation area.

The use of call-broadcast methodology has been shown to increase the likelihood of
detection and decrease the amount of time required to detect many bird species(Johns
et al. 1981, Anderson 2007). Specifically, broadcasting a conspecific or intacspaitif
can act to enhance detectability of the target species by triggering a vbehkbwioral
response (e.g., territory advertisement or defense, mate acquisition, food ipetre
The approach has been found especially effective when dealing with nocturmes,spec
species existing in low densities, and those that are otherwise secretiffiewlt th
detect (Johnson et al. 1981, Conway and Gibbs 2005). In particular, call-broadcasting
has been useful as a survey tool for both diurnal (Kimmel and Yahner 1990, Mosher et al.
1990, McLeod and Anderson 1998) and nocturnal (Haug and Didiuk 1993, Flesch and
Steidl 2006, Crowe and Longshore 2010) raptors, but has little documented use with
diurnal raptors occupying non-forested habitats (Salvati et al. 2000).

Even in light of the documented usefulness of call-broadcasting, any sunteydmet
must account for imperfect detection of the target species or risk undetesjisite
occupancy and producing biased population estimates and trends (Rosenstock et al. 2002,
MacKenzie et al. 2003, Johnson 2008). As such, a reliable survey and monitoring
program requires a standardized sampling protocol with high detection probabaity, |
detection variation, and low observer variability (Thompson 2002, Conway and Simon
2003). There are several factors that can affect the probability of detesntiong which

are: (1) the response rate, type, intensity, and duration; (2) the observetyd@lidéitect



a response; (3) weather conditions; (4) surrounding vegetation and topography; and (5)
the potential of habituating birds over time (Richards 1981, Proudfoot et al. 2002,
Rosenstock et al. 2002, Conway and Gibbs 2005, Barnes and Belthoff 2008). In addition,
the responsiveness of birds to call-broadcasting can be related to the diftayestodt
the breeding season (Cerasoli and Penteriani 1992, Haug and Didiuk 1993, Kennedy and
Stahlecker 1993, Conway et al. 2004, Rehm and Baldassarre 2007), and when conducted
at different times of day (McLeod and Anderson 1998, Rehm and Baldessarre 2007; but
see Kimmel and Yahner 1990, DesRochers et al. 2008). There are also potential
drawbacks to using call-broadcast surveys. From a methodological perspketive, t
approach may complicate discovery of territories or nests by drawingttwvesd the
surveyor and away from the breeding area (Conway and Gibbs 2005). More seriously,
undue disturbance of breeding birds may result in increased predation risk, while
prolonged exposure of eggs or young to the elements may negatively impact repeoducti
efforts.

In developing a fast and effective call-broadcast survey protocol for detecti
Peregrine Falcons, we determined their response to conspecific caltésbaurveys at
territories known to be occupied, and measured the change in response rate and intensity
of response over the course of the breeding season. To test the effectivenessiof det
territorial peregrines, we also conducted ‘blind’ surveys when the prestresdent
peregrines had not been confirmed at the time of the survey, but at territoriasmehic
knew to be occupied. Additionally, we evaluated the usefulness of call-broaddasti
identifying nesting ledges early in the breeding season, and assessedlpotpatts to

reproduction, particularly during the incubation and brooding stages.



Methods
Study Area
We studied Peregrine Falcons in LMNRA (36°0.6’N, 114°47.8'W), within the
eastern Mojave Desert. The recreation area consists of approximately 40@5desert
lands surrounding lakes Mead and Mohave, two large manmade reservoirs along the
Colorado River. The landscape consists of open basins and sloping desert bajadas
punctuated by numerous desert mountains with broken cliffs and canyons, with
elevations ranging from 192 m to 1719 m. The area receives scant precipitation in the
form of winter rains, with intermittent summer storms often contributing to anoizdd.
Vegetation within the region primarily consists of Mojave Desert scrub doaiifoegt
creosote bush_@rea tridentatd and white bursag&Mmbrosia dumogawith brittlebush
(Encilia farinosg along slopes and canyons. Narrow intermittent strips of riparian
vegetation line the shores of both lakes, consisting typically of salt Cealaa(ixspp.),
coyote willow Salix exigu® and arrow weedluchea sericern
Call-broadcast Protocol
The call-broadcast surveys were initially planned for early morning (*foreb
sunrise to 4 hr after sunrise) and late afternoon (4 hr before sunset to sunset) when
peregrines were thought to be the most active and in correspondence withrigeofimi
the standard monitoring protocol (USFWS 2003). Our early results, however, showed
this to be less of a constraint early in the breeding season and when temperagires we
35° C, so when possible, surveys were also conducted throughout daylight hours to
maximize efficiency. Our standard protocol consisted of a 3 min passive oluservat

period, followed by a 30 sec broadcast period, a 1 min observation period, a second 30



sec broadcast period, and a final 5 min observation period. We used vocalizations from a
commercially available recording (Stokes Field Guide to Bird Songs:aieRegion;
Time Warner Trade Publishing, New York, NY) which we converted to mp3 format and
downloaded directly to a digital game caller (FoxPro XR6; FoxPro Inc.,dtemiPA).
The conspecific calls consisted of 5 sec of the ‘cack’ alarm call, immnegdfatiowed by
10 sec of the ‘eechup’ call from an adult female peregrine (White et al. 2002). We
looped the cycle once for 30 sec of continuous calling, while rotating 360° in order to
evenly project the sound around the broadcast point. The calls were broadcasted at a
volume of 84-90 dB, as measured 1 m from the audio source by a sound-level meter set
on slow response and C-weighting (Fuller and Mosher 1987). We did not conduct
surveys during precipitation or when sustained wind speedswigdm/hr. In order to
minimize disturbance, we ceased broadcasting immediately upon detectheg@nge
response (peregrine taking flight or vocalizing).

We conducted call-broadcast surveys at known occupied territories, considenng th
occupied if at least one territorial peregrine held the area during the lyysedison
(Steenhof and Newton 2007). During the first round of surveys (courtship), we based the
broadcast points on eyrie locations from the previous year, whereas followingssurvey
were based on eyrie locations as detected. The nature of the terrain surrourioigg nes
cliffs often dictated the distance of each broadcast point to an eyrie, but waidetka
range of 200 to 600 m as a reliable distance from which responding peregrines could be
detected. All distances were measured using a laser rangefindenaitbuaacy of +/-

0.3 m (TruPulse 200 B, Laser Technology Inc., Centennial, CO).



We considered a peregrine response to be any vocalization or flight-initiation
observed from initial broadcasting through the standard survey period (Balding and
Dibble 1984, McLeod and Anderson 1998), unless evidence led us to believe otherwise
(e.g., an adult silently delivering prey to the eyrie mid-way through thveggession).

At first detection, we estimated the distance of each peregrine to thedsopadint, and
recorded each type of response (flight, vocal, flight and vocal). Whenever ppgsbl
documented the sex and maturity (i.e., nestling, fledgling, subadult, adult) of the
peregrines observed. During the survey session, we detailed peregrine bahavior
interactions, as well as the presence and behavior of all other raptormsy Vutkures
(Cathartes aurg Common RavensJprvus coray and other species that may have
interacted with the peregrines.

We recorded latency of response, which we defined as the time to responseafter t
start of the first broadcast period, and duration of each response, recognizing/éisat it
sometimes difficult to determine the exact time a response ended. Wedleclare
response to have ended only after the responding birds remained silent or inaetive for
least 2 min. We subjectively assessed the relative intensity (low, nedaraigh) of a
response, based on the volume and frequency of vocalization, intensity of flight and
display, and overall demeanor and level of aggression of the bird. Although subjective,
these evaluations were all made by the same observer in order to standardize
interpretations. The target of each bird’s response was also estimates!; whedther the
bird aimed its actions toward the broadcast point, toward or from the eyrie ledge (e.g
departing from and returning to the eyrie, landing on or vocalizing from the eyrie, or

concentrating the display within 30 m to either side of the eyrie), or toward some other



area. To address concerns over adverse effects to breeding success, wedrcogely
the reaction of any incubating or brooding adults and recorded their time out ofi¢he ey
Survey Periods

We conducted breeding season surveys from 18 February to 24 June in 2008 and
from 25 February to 29 July in 2009, with additional surveys during the fledgling stage
from 30 June to 2 July in 2010. We also conducted a single round of post-breeding
season surveys from 23 September through 22 October in 2009. We began surveys
during courtship in mid- to late-February, based on evidence we derived from mmgnitor
breeding activity in previous years. During our monitoring efforts, we et mean
variation of 42 days between the first and last pairs to lay eggs. The earlgst pai
typically began laying eggs by 13 March, eggs began hatching by late-akatiyoung
began fledging by the end of May. When possible, we determined the breeding stage of
each territory by using observed behavioral cues (e.g., aerial courtshgysljspi adult
in incubating posture, adults feeding young). We aged nestlings using binoculars and
spotting scope (usually from a distance of 150-450 m), while referencing a pipbiogra
aging guide (Cade et al. 1996). Published averages for each breeding stage (i.e.,
incubation = 31 days, nestling = 42 days) were then used to back-date reproductive
timing. For the purposes of this study, we did not classify territorieseag&tl’ until we
confirmed the young had departed the eyrie and were still in the nesting area

Our sample sizes during the various breeding stages varied over time, as @ve adde
new territories as discovered and dropped others from rotation after coitirrofat
breeding failure (McClaren et al. 2003). At times, inclement weatheetinor ability

to visit each territory during each stage, and we sometimes missed a breagingusjet



window at a territory because of uncertainties associated with esigniaé timing of
breeding using behavioral cues.
Response Surveys

As a test of peregrines’ response to broadcasting, we conducted call-broadcas
surveys at territories where we had confirmed the presence of at least droe adul
subadult prior to broadcasting. For these response surveys, we modified our standard
protocol by adjusting the length of the first passive monitoring period as needee€ldto de
peregrine presence (range = 1-259 min) without creating a detectabibatstito the
birds. Our focus was on courtship through nesting periods during 2008. We focused on
these stages because surveys later in the breeding season areafviahie when
determining site occupancy or reproductive effort (Mayfield 1961, Steenimbtachert
1982). As previously observed with peregrines, the frequency of nest defense, and
therefore territorial vocalizations, is typically highest during coyptslecreasing
significantly as reproduction progresses (White et al. 2002). For comparsahsav
conducted limited trials during the fledgling stage in 2008 and in the post-breedod) per
in 2009 (Fig. 1.1).

Detection Surveys

As a test of the use of call-broadcast surveys for detecting peregrinesneected
standard 10-min blind surveys at occupied territories when the presence of resident
peregrines was not known to the observer at the time of the survey. Detection surveys
were conducted throughout the 2009 breeding season and during a post-breeding period,

with additional surveys during the fledgling stage in 2010 (Fig. 1.2). We conducted



repeat visits at many territories within breeding stages to evaluatetipptmprovements
in detection and to assess the potential for habituation to broadcasting (Table 1.1).
Statistical Analyses

We evaluated the success of the broadcast surveys to determine responsd rates a
detection rates relative to breeding stage. Latency to response, respatise,du
response type, and response intensity by breeding stage were analyz=dyalhtting
the effects of time of day and distance from eyrie on detection rates. We cdnducte
bootstrap analyses and chi-square/Fisher exact tests in R 2.8.1 (R Core Development
Team 2008), and the generalized linear models and survival analyses in SAS 9.1 (SAS
Institute 2002-2008).

Response RatesPeregrine response rates were calculated as the number of observed

responses per number of response surveys during each stage. Our assessspamisef r
rate was somewhat hampered by limited sample sizes (Fig. 1.1), whicmadfeient

to support a generalized linear model approach. Instead, we estimated 95% confidence
intervals based on quantiles for each year, and year-stage combination, using 1000
bootstrap samples (Efron and Tibshirani 1998).

Detection Rates Detection rates were calculated as the number of detected

responses per number of detection surveys during each stage. We compared tbe detecti
rates between breeding stages for the first survey at each territdimepdig stage

using a generalized linear model with binomial error (Sokal and Rohlf 1995). The model

also included a random site effect to account for repeated measurements. We donducte

Tukey post-hoc tests to assess significance @.05), and report the least squares means.



The effect of breeding stage on detection rates in repeat visits wasedsssisg a
Fisher’s exact test by forming three categories (i.e., no responsglean\asit, response
in at least one visit, or response in both visits) within each breeding stage grndlsite
1.1). To increase sample size, fledgling data from 2009 and 2010 were combined. We
also looked at number of days after previous visit with a logistic regressilysianeth
random site effect. In order to look specifically for habituation to the broadosasiys,
we then limited our analysis to only those territories that had surveys repethtiedawi
breeding stageN = 59). We used a logistic regression test with detection as the
dependent variable, the number of days after the previous visit (within ternibtage)
as the independent variable, and a random site effect.

Latency and Duration of Respons&/e analyzed latency and duration of response

during the first visits of all detection surveys in separate linear modele dethction
surveys, which had breeding stage as the only fixed effect and a random repeated
measures effect of site to avoid pseudoreplication. Latency was modeledissoa P
variable, and a lag transformation of duration of response results was approximately
normal and homoscedastic. Tukey post-hoc tests were performed to assksarsigni

of stage effectsu(= 0.05). To further characterize latency (time to response), we ran a
survival analysis with Kaplan-Meier estimates (SAS PROC LIFETE& ©btain
nonparametric estimates of the proportion of territories responding after &stagand
the confidence envelope over time from 0-300 sec.

Other Response Variable®ur study design did not control for isolating peregrine

detection rates by time of day or for distance from eyrie; however, wezaddlye

results from first visits to look for effects of these two variables. In slogxtwe also
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looked at the number of days prior to laying eggs to model whether detectiowesates
affected by a potential drop in response as females approached egg-layiagseBbe
data were unbalanced within site (not all breeding stages were réprkateach site)
and sample sizes were not large within stages, we conducted separatertgisssion
analyses (with random site effects) across all stages and by year totimeoeléécts of
time of day, distance from eyrie, and days prior to laying. We analyzégoinef
response from peregrines (i.e., flight, vocal, or both) by stage and tested vari#ttian wi
breeding stages using a Fisher’s exact test. We analyzed diferienmesponse intensity
during breeding stages by year (2009 and 2010) with a chi-square contingency test
corrected with a Fisher’s exact test for small sample sizes.

We analyzed the effect of gender and stage on likelihood of responding in a
generalized linear model with binomial error. The dependence of male response on
female response by stage was also examined in a similar model with neats effmale
(response/no response), female (response/no response), and stage, along wath two-w
interactions. In both models, we used the Akaike Information Criterion for sanatlls
size (AICC) to determine the minimum adequate model. Significant resukts we
interpreted by comparing observed values to those expected under the hypothesis of

independence.

Results
During our entire study period, we conducted a total of 217 call-broadcast surveys at
peregrine territories in LMNRA. In 2008, we conducted 49 call-broadcast respons

surveys at 23 territories from the courtship through early fledgling period. E#ubsef
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surveys was preceded by a passive observation period to determine that birds were
present before broadcasting the call. All subsequent surveys were conductedindder bl
conditions without advance knowledge whether peregrines were present in the nesting
area. In 2009, we conducted 131 call-broadcast surveys at 29 occupied territories
throughout the breeding season. Fifty four of these surveys were repeabwdiisted
within breeding stages. Additionally, we surveyed 24 territories (one vissitpgr
during the post-breeding period in 2009, and 13 surveys at eight territories during the
fledgling stage in 2010.
Response and Detection

Across all stages of the breeding season, peregrines responded to our cadistsoadc
during 83% of response surveys in 2008=(49). Response rates showed a general
decreasing trend from 100% during the courtship stage, to 73-80% later in the breeding
season, and then down to 50% in during the post-breeding period (Fig. 1.1). Low sample
sizes inhibited us from formally determining significant differences betvieeeding
stages; however, differences from zero, and among groups, was inferred through non
overlapping bootstrapped confidence intervals.

Across all stages of the breeding season, we detected peregrine responge&8do
of the blind detection surveys used to test the methododgy7(7). The detection rate
was high during courtship (79%), peaked during incubation (90%), and then dropped
during the later stages of the breeding season (Fig. 1.2). As a furthetiamdafehe
lower tendency of peregrines to respond later in the breeding season, we detected
responses in only three of eight (38%) initial surveys during the 2010 fledtdpeg s

While peregrines continued to respond to call-broadcast during the post-breedimg seas
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we detected responses at a significantly lower rate (42%) than durothealstages
except fledgling s 73= 3.13,P = 0.013; Fig. 1.2). During the courtship stage, the
number of days prior to laying (surveys conducted from six to 56 d prior to laythg) di
not significantly affect response detectién,{, = 0.18;P = 0.675).

When surveys were repeated within breeding stages, we obtained lower detection
rates in second visits than during first visits for courtship through nestling stadgeéisis
pattern was reversed during the fledgling stage (Table 1.1). The overallatetatsi of
the second visit surveys was 56Bb< 59). Conducting second visit surveys, however,
marginally increased the odds of detecting peregrines (during at |east the two
visits) in all breeding stages except fledgliRgH0.482). We found that the number of
days after the previous visit had a significant effect on detection of responsaé ove
(F1,53 = 6.60;P = 0.013); however, there was no relationship between detection and the
number of days since the previous visit within each breeding $tage<0.54;P =
0.468). The overall mean number of days between site visits within the same breeding
stage was 7.8 d (Table 1.1).

Time of Day and Distance from Eyrie

Our ability to detect responses of peregrines was not significantlynofdeby time
of day F1,77= 0.03;P = 0.863) or distance from the eyrle ;= 0.67;P = 0.417).

During the breeding season, we conducted surveys during daylight hours from 05:26 to
19:48. Morning surveys (sunrise to 10:00) accounted for 60.6% of all surveys, while we
conducted 29.5% of all surveys in mid-day (10:01-15:00), and 9.8% in the evening hours
(15:01 to sunset). While most surveys were conducted from between 200-600 m from

the eyrie (82% of surveys), the maximum distance from an eyrie we deteetgubase
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was approximately 1.6 km, which occurred during the courtship stage before we had
determined the eyrie location for that year. While constrained by teredirds, the
overall mean distance from our broadcast points to an eyrie was 382 m, and the average
distance of the first responding peregrine to the broadcast point was 351 m=iéhge
1100 m).
Latency and Duration of Response

We found that latency to response did not vary by breeding $tage=(2.05,P =
0.103). Approximately 89% of responses were noted within 3 min of the call-broadcast,
and 100% of responses within 5 min (Fig. 1.3). Mean latencies by stage ranged from 65
+ 16 secll = 21) in courtship, peaked during the nestling stage at 146 + 3B se@)(
before dropping later in the breeding season. We calculated a significagedha
duration of response across stages{= 4.2,P = 0.006; Fig. 1.4), with fledgling
responses being shorter than all stages except nestling. In general, resipatises
became shorter with each successive breeding stage, before lengthemengasti
breeding period. We recorded an overall mean duration of response throughout our entire
study period of about 3.5 min (N = 133, range = 0.08-19 min).

Response Type and Intensity

The type of response did not differ among breeding staéges .51, df = 8P =
0.482); although the proportion of responses involving both flight and vocal elements
dropped by a third from courtship to fledgling (Table 1.2). Our measure of response
intensity was significantly greater early in the breeding season in csmp#o the
nestling and fledgling stages, showing a significant effect by sthgedquare

contingency test corrected with a Fisher’s exact test for small saimpkeX?® = 7.51, df
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=8,P =0.001; Table 1.2). Overall, the intensity of responses were higher than expected
from random early in the breeding season, later shifting to lower than edscthe
nestling and fledgling stages.

Response by Gender and Breeding Stage

Adult males were generally involved in less responses overall (44.9%) than adult
females (69.3%; Table 1.3), but this difference was not signifi€ant0.81,P =
0.433). We also did not observe a significant effect of stage=(5.29,P = 0.102),
although power to detect differences may have been hampered by small saejple si
the latter stages. Males responded alone infrequently (12 of 127 total responses), but
male response was positively related to the female response (45 mutual I€$ponse
8.15,P = 0.015). Overall gender response rates were similar, and in cases when at least
one individual was confirmed present, males responded 32 of 53 times (60.4%), while
females responded in 45 of 68 surveys (66.2%). Individual gender response rates
dropped from courtship to nestling stages; males from 70.8% to 23.1%, and females from
85.2% to 42.1%. We recorded a rebound in the fledgling stage but the sample size for
both sexes was rather loN € 4).

We noted peregrines seldom or never responded in certain situations involving young.
Adults generally did not respond to the broadcast during the nestling stage when
provisioning young just prior to, or during, the first broadcast pehod T surveys, with
only one response). The one active response in these cases was a 10 setorgcaliza
min after the broadcast by an adult feeding two 25-30 day old nestlings. We do@cumente
only a single response from nestlings during 53 nestling surveys and, on threens;casi

nestlings which had been vocalizing became quiet immediately afterohédast was
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initiated. During the fledgling stage, young responded during five of 26 suil@¥s;
however, during two of these surveys vocalizing fledglings quickly became tgthet a
onset of call-broadcast. During six surveys, fledglings that had been detectedlypass
prior to broadcasting, did not respond to the call-broadcast.

During the incubation and early nestling stages, we confirmed on 27 occasions (23
female, four male) the presence of an adult peregrine in the eyrie and ircldvating or
brooding posture prior to call-broadcast. The incubating adult responded 19 times
(70.4% response rate), and in 17 of these responses the adult ceased incubating or
brooding and departed the eyrie. In two instances, neither adult returned to tend to the
young during the remaining survey period (> 15 min and 17 min), but during each of the
other 15 responses an adult returned after an average of 2.1 min (range = 1-4 min). In
many cases during incubation, the adult did not begin vocalizing until shortly after
departing the eyrie and perching 20-50 m away. After vocalizing 1-3 min thesdtémd
become quiet briefly before returning directly to the eyrie. We found this pabllict
behavior to be greatly instrumental when attempting to confirm the locatiotuaf ac
eyrie ledges.

We found that peregrines focused 72% of their responses toward the eyrie during the
first three breeding stages (courtship 30 of 46, incubation 30 of 35, nestling 19 of 28
responses, respectively). Only rarely (< 4% of responses) did these birda focus
response toward the call-broadcast point. We conducted 26 surveys at sites in which the
peregrines went on to use alternate eyrie ledges from the previousngedetected

responses during 19 of these surveys. Four of the response displays wezd hirect
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front of the previous year’s eyrie, five in front of the ledge later used astiagsite, and

eight were split between the previous eyrie site and the new site.

Discussion

Peregrine Falcons tend to forage across large home ranges and nasvelyriow
densities within rugged and sometimes inaccessible terrain. These @hstrastcan
present problems when considering a survey method for these birds, ideally haghg a hi
detection rate and low variation in detection probability. In our efforts to monitor an
increasing number of peregrines in LMNRA, we found that territorial birgreked
readily and consistently to a call-broadcast survey approach. Response amshdetect
rates were particularly high during courtship and incubation and remained highhthroug
the nestling stage. While our efforts were focused on earlier breedgessive found
that peregrines remained responsive during the fledgling and post-breedjes; st
although at lower rates. We found the high responsiveness and detection rates early i
the breeding season favorable for studying territory occupancy and repvedafdirt
because it allowed us to pick up breeding attempts early and minimized the risk of
missing breeding attempts that failed early (Mayfield 1961, Steenhoff anteKd®82).

The use of call-broadcast allowed us to greatly reduce the time spent atretck te
documenting the presence of peregrines when compared with the standard passive
monitoring protocol currently in use (USFWS 2003). Our 10-min call-broadcast protocol
compared favorably with the 4-hr passive methodology in terms of detectioamdtes
did not appear to have an impact on breeding success. We recognize that the passive

surveys were designed to collect eyrie location and reproductive suctaess dddition
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to occupancy, whereas our call-broadcast surveys were primarily idtemdbtain

presence data (Conway and Gibbs 2005, Anderson 2007). Nevertheless, we found that
by eliciting responses from resident peregrines, our method was usefulefciirae

breeding pairs, as both members of resident pairs often responded together. Ajko of hi
value, was the observation that resident peregrines often focused resporweiitiie

eyrie ledge which greatly simplified pinpointing eyries.

Prior to initiating our call-broadcast trials in 2008, we took into account a concern
that females may be extra sensitive to disturbance during the laying andimcsheges
(Fuller and Mosher 1981, Kennedy and Stahlecker 1993, McClaren et al 2003). We
assessed early results to determine whether to continue testing dusmgehsitive
periods. While incubating peregrines (mostly females) had a relativelydspbnse rate
(70.4%), in all cases in which the adult responded, the bird simply stood up and walked
away from the eyrie scrape without noticeably disturbing eggs or brooding yohinge T
birds that did not respond simply remained in incubating posture. The short amount of
time in which eggs or young were left untended led us to believe that breedingtgattem
were not adversely affected. In addition, we also did not observe a drop in apparent
breeding success (success/breeding attempt) in either of the twaatsstegesus those
from earlier years (unpublished data).

We found that conducting repeat detection surveys within each breeding stage only
marginally increased detectability (5-6% increase over the firg}.viEhe fledgling
period was the exception with a doubling of detection rate (33% to 67%) in territories
with repeat visits; however, we revisited very few fledged territgNes 6). In all stages

other than fledgling, we recorded a drop in detection rates ranging fromol12Z2%st
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during second visits (Table 1.1), but we were not able to detect a relationship between
detection and number of days after the previous visit within stages. One ggssibil

that peregrines may habituate somewhat to broadcasts; however, deteetigenatally
increased again during subsequent breeding stages except between nestlatykmgl f
stages. This apparent paradox may be explained in that the average time bed\iiestn t
and second visits within the same stage was 7 days, while the average Wweenkbe
second visit of the previous stage and the first visit of the following stage wags32 da
Peregrines may lose any habituation effects during the longer intetualedbetween
different stage visits.

Although we did not observe detection differences by the number of days before egg-
laying, it is possible peregrines become less responsive as femalescypyhis critical
time. Peregrines may also become less responsive as eggs approach hatclsing and a
nestlings become more capable of defending themselves in the eyrie. Thededbiolog
and physiological changes may in part explain the drop in detection rates during the
second round of visits of the courtship through nestling stages, but we cannot rule out
habituation as a factor. Even so, detection rates increased during the fist thisit
following stage so it is possible some level of balance is found between habituati
differing parental care strategies, and variable hormone levels.

Many studies implementing a call-broadcast method report lower resptesatra
greater distances from the nest site (e.g., Kimmel and Yahner 1990, Kennedy and
Stahlecker 1993, Roberson et al. 2005) and from individual birds (Proudfoot et al. 2002,
Conway et al. 2004, Crowe and Longshore 2010). We, however, did not detect a

significant difference in response and detection rates across the rangarafetisrom
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which we conducted our call-broadcast surveys. Albeit, our study design was not
developed to control for distance to eyrie, and access was limited in masybgas
difficult terrain. While we detected responses from as much as 1.6 km from amelyrie a
1.1 km from an individual peregrine, it was difficult at distances of greater than 600 m
from an eyrie to be certain of detecting a response.

Several environmental conditions can impact peregrines’ response to broadesisting
well as researchers’ ability to detect responses. We attempted toizeieiifiects of
wind by not conducting broadcast surveys with sustained wirddskm/hr. However,
even lower wind speeds increased background noise when surveys were conducted near
water which hampered the ability of the observer to make aural detections. Mbeh of t
potential breeding habitat for peregrines within LMNRA (i.e., open canyons &nd cli
faces, large amounts of standing water, and sparse desert-scrub vegstatesi)for
conducting call-broadcast surveys, although it is always important to corsider |
conditions when implementing call-broadcast surveys. Attenuation of sound, which
reduces the intensity of sound with increasing distance from the source, iszathimi
environments with low humidity, scarce foliage, scant topsoil, and stretches of open
water (Marten and Marler 1977, Richards 1981). These favorable conditions minimize
sound absorption and scattering, and aid in sound transmission over great distances (from
the broadcast point and from responding birds), while the open canyons and lack of
significant vegetative structure facilitate long-distance visual tietecf birds.

We found the duration, type, and intensity of responses all affected peregrine
detectability. Likely because of small sample sizes, we did not find Jatenary

significantly during the breeding season, although in the nestling stageylatas more
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than double that of the other breeding stages. However, the mean duration of response
during the fledgling stage was less than 10% of that during courtship. Alsopasses
and detection rates remained relatively high during the later stages oééakiniy
season, response intensity shifted to lower levels during nestling and flestglyas.
Furthermore, the number of responses combining flight and vocal attributes dropped by
nearly a third as the season progressed. Taken together, these diminished and less
intense responses acted to compound the lower response and detection rates later in the
breeding season and reduced the overall effectiveness of call-broadaa#tisgime.
Detection probability is also potentially affected by gender and ages{dd. 1994,
Anderson 2007), with gender a particularly significant factor in species likgrpere
which divide hunting and incubation tasks during the breeding season (Rosenfield et al.
1988). In our study, male peregrines were involved in far fewer responses thars female
(45% vs. 69.3%) and were much less likely to respond when only one adult was involved
(9% vs. 34%). This was mostly a result of males being away from the nestimgarea
frequently. When both members of the pair were confirmed present, males responded at
a similar rate as did females (60.4% vs. 66.2%), excluding courtship (70.8% vs. 85.2%).
Our broadcasted call consisted of a female ‘eechup’ and likely a feraalé ‘c
vocalization, although the gender of the latter was not specified. Possibly, -thiesek
broadcasts may have elicited higher responses from females and |Iqyeersessfrom
males. Both genders responded with the lowest frequency during the nesting stag
possibly to avoid drawing attention to their young (Roberson et al. 2005).
In some species, young may be easier to detect than adults when they erg foegg

food (Anderson 2007, McClaren et al. 2003), but in others young apparently do not
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respond to taped calls (Salvati et al. 2000). Peregrine young in our study were not very
responsive to call-broadcasting. It is possible young may respond more teadills
associated with prey delivery (‘wail’ or ‘beg’), as opposed to our broadtealis which
are usually given in an agonistic context of territorial defense (Waeg&ade 1977).

Our surveys during the post-breeding season, well after fledglings ajpydispérse
from their natal territory, indicate at least a portion of adults within BMA\tontinue
with territorial defense well outside the breeding period. Although they tended to
respond at a lower rate than during the breeding season, we detected peregrines at a
moderate rate later in the year. It appears that call-broadcast sunrtlegsion-breeding
season have the potential to give an idea of site occupancy at territoriesnoignatory
peregrines.

Rapid Site-assessment

In order to identify previously undocumented peregrine territories we developed a
habitat suitability model using a maximum entropy approach in the prograenihax
3.2.19 (Phillips et al. 2006). Our intent was to high-grade areas for potential breeding
based on previously identified territories. The model was based on the slope, solar
insolation (watt hours/ffrom 08:00 to 16:00 on 7 June), and distance to river or lake of
all previously known eyrie locationsl(= 28). We visualized the model using
Geographic Information System (GIS) software (ArcGIS v. 9.3, Environmerdgt 8y
Research Institute, Redlands, CA 2008) and targeted our standard 10-min call-broadcas
surveys in areas with highly predicted habitat for breeding.

We conducted these rapid assessment surveys at 111 locations from 25 February

through 13 April (courtship through incubation) with some follow up visits in late May,
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2009. Of these survey points, 101 (91%) were located within 700 m (a reasonable range
for the call-broadcast approach) of highly suitable habitat predicted frofim&henodel.

We detected peregrines at 12 of the 111 survey points, resulting in the confirmation of 10
previously undocumented territories. The average distance from the broadcast point t
nearest detected peregrine was 42WNm 10, range = 113-860 m), and the average
distance to the eyrie was 613 W% 7, range = 156-1446 m).

There is a possibility that non-breeding floaters may respond to call-bsbadca
surveys in addition to breeding birds (Yahner and Ross 1995), although Mosher et al.
(1990) believed the technique was selective for territorial adults with tlspaties of
raptor they studied. We never detected a response from birds that did not seem to be
holding a territory. At two of the newly confirmed territories we initiglgtected an
unmated second-year peregrine and neither responded to the initial call-breeitcas
nor follow-up call-broadcast events. We heard both birds at different times vagaliz
and aerially displaying on their territories, but neither responded when we lst@atica
One of the young birds remained on its territory throughout the winter months and bred
with an adult the following year. Although more research is needed, it appdarsrtha
breeding peregrines do not tend to respond to broadcast surveys.

Several studies have shown that observer experience can influence detection
probability to various degrees (Rosenstock et al. 2002, Conway et al. 2004, Booms et al.
2010). We minimized problems with variability in observer skill by ensuring the same
primary observer led each survey throughout our study period. This approach likely
acted to control fluctuations in detection rates driven by different observerspbabjyr

enhanced detection probability as a result of high familiarity with teeg@nd resident
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pairs. Any observer advantage we encountered was likely reduced in our rapid
assessment exploratory surveys. Even so, our primary observer was vegy faittili
conducting nest searches and monitoring peregrines in the area, so we may laee obta
elevated detection rates in relation to trained but naive observers.

We recommend further testing of call-broadcast methodology with peredrene
conducted in addition to our first assessment. Due to increased sound attenuation, it's
likely that the effective range of this method may be cut down substantially sweitba
dense vegetation or canopied forest surrounding nesting areas (Marten erdLB&Ef,
Richards 1981). McClaren et al. (2003) speculated that lower goshawk detectan rate
the dense forests of the Pacific Northwest, in relation to the arid open fordss of t
southwest U.S.A (Kennedy and Stahlecker 1993), may be attributed at lealy partia
increased degradation of sound from high tree density. Areas in which snowsyeediist
into the breeding season may exhibit different distances of accurate smsidigsion,
as may coastal areas with high levels of background noise due to crashing surf
Additionally, visual detection of flight responses will likely be hindered in teckareas
in comparison to the wide open desert lands we encountered in our study area. Before
implementing any wildlife surveys, it is advisable to account for the methdetestion

probability and variability under local conditions in order not to bias results.
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Figure 1.1. Response rates of resident Peregrine Falcons to call-broadcast surveys in
Lake Mead National Recreation Area during the 2008 breeding season and posigbreedi
in 2009. Error bars represent bootstrapped 95% confidence intervals. Numbers at the
base of each bar represent sample size.
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Figure 1.2. Detection rates of Peregrine Falcons to call-broadcast surveys iVieaike
National Recreation Area during the 2009 breeding and post-breeding seasons. Results
reported are the back-transformed least squares means and 95% confiderals fote

the first survey at each territory in each stage. Letters above eaddibate means that

are significantly different from other letters (Tukey t&% 0.05), and numbers at the

base of each bar represent sample size.
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Figure 1.3. Kaplan-Meier estimates of the time to response after the start ofsthe fi
broadcast in Lake Mead National Recreation Area in 2009. Results are fratiodete
surveys pooled across all stages. The dashed lines represent a 95% confiddape.env
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Figure1.4. Duration of all peregrine responses during first visit surveys in 2009 and first
visit surveys during the fledgling stage in 2010 within Lake Mead NatioraeR&on

Area. The back-transformed least squares means and standard error ted.rémiters
above each bar indicate means that are significantly different from ettes IP <
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Table1l.1. Detection rate of Peregrine Falcons to call-broadcast surveys irMeda
National Recreation Area, for those territories with repeat visits in eaeling stage.
The fledgling stage includes surveys conducted in 2009 and 2010.

Breeding N Mean time 1*' visit 2" visit >1 2

stage between visits (d) detection detections
Courtship 20 6.8 0.80 0.65 0.85 0.60
Incubation 15 5.5 0.87 0.60 0.93 0.53
Nestling 18 12.4 0.72 0.50 0.78 0.44
Fledgling 6 3.2 0.33 0.50 0.67 0.17

N = number of responses

Table1.2. Intensity and type of response exhibited by Peregrine Falcons duting cal
broadcast surveys by breeding stage within Lake Mead National Recreegmn A

Numbers reported for response intensity are the observed and expected (lmepasnt
number of responses. Numbers in bold indicate results with higher values than expected.

Breeding Response Type (%) Response Intensity

Stage N Flight Vocal Both N Low Medium High
Courtship 52 231 135 635 33 8(14) 16(19 8(3)
Incubation 35 14.3 17.1 68.6 27 10 (12)15(12) 1(3)
Nestling 28 28.6 28.6 429 17 11 (8) 6 (8) 0(2)
Fledgling 12 333 25.0 417 8 8(3) 0(3) 0(2)
Post-breeding 6  33.3 16.7  50.0 6 33 33 0 (0)

N = number of responses

Table1.3. Composition of Peregrine Falcon responses by gender to call-broadcast
surveys within Lake Mead National Recreation Area. Responses includgtsdlbfid

vocal detections.

Involvement in Response
Male Female Pair Unk Adult Young

Breeding Stage N Only Only Only

Courtship 52 4 16 23 9 0
Incubation 35 3 13 15 4 0
Nestling 28 2 12 6 8 1
Fledgling 12 3 2 1 2 5
Total 127 12 43 45 23 6
% Composition 9.4 33.9 35.4 18.1 4.7

N = number of responses
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CHAPTER 2
THE ECOLOGY OF PEREGRINE FALCONS WITHIN
LAKE MEAD NATIONAL RECREATION AREA
Introduction

The causes of population limitation are fundamental to ecological studiesngf livi
organisms, with birds being no exception (Lack 1966, Brown 1969, Newton 1998). To
understand population dynamics, requires evaluating both intrinsic (demograpiviel) a
as external (environmental) factors (Newton 1998). Intrinsic factors (epgoductive
success, mortality, immigration, emigration) mediate external f&a¢ag., food-supply,
interspecific interactions, disease) to determine local population trendattée |
‘causing’ population changes in a proximate role while the former assumdsreaateul
role. For example, food scarcity (the ultimate cause) reduces breadogss (the
proximate cause) and drives population decline, or relegates a population segment to a
‘sink’ at a metapopulation scale (Pulliam 1988, Newton 1998).

With many species of birds, territory sizes are smaller and populationieleasé
higher when food is abundant near nests (Schoener 1968, Newton 1976, Peery 2000).
The theory of density-dependent habitat selection assumes that an individual should
choose to occupy that habitat in which its evolutionary fitness is maximizewaigM
1989). Morris (1989) postulated that under Ideal Despotic Distribution (see Fetde
Lucas 1970) habitat selection is constrained by the activities of territatigiduals.

For territorial species, population density in a habitat reflects the addlitibeet of
dominance behavior in addition to intrinsic differences between habitats. Myrs et

(1979) found territory size was as large as possible given food limitation, butehef si
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the defended area was limited by increased competition in areas with dgiséy of
food. For example, core defended territories of Golden Eagtpslé chrysaetoswere
generally smaller in areas with the highest breeding density (Mc@tady2002).
Similarly, other raptors tend to maximize territory size when competiésspre is low
(Temeles 1987, Schmutz 1989).

As with most predatory birds, the basic resource requirements of breedeygife
Falcons Falco peregrinuyare suitable nesting sites and availability of prey (Ratcliffe
1993). When considering an area with relatively continuously suitable nestitgthabi
the observation of regularity of spacing of nests is consistent with the thabdensity
is limited by territorial behavior (Newton 1979). Territoriality serves@rocess
limiting density and local population size, where resident birds secure and difahd i
nesting habitat with an adequate prey-base (Newton 1998). While peregrines vigorously
defend and exclude conspecifics from focal areas around nesting clift®igrthey
often overlap with neighboring pairs to varying degrees in utilizing foraayiegs (home
range). In addition to defending the nest site itself, peregrines defenwargling area,
the size of which depends on what is feasible given suitable habitat and food aailabil
in addition to pressure from intruders (Cade 1960, Ratcliffe 1993). While peregrines
defend their territories from conspecific individuals, they also appear todexother
species with similar foraging ecology and nesting requirements (potemtigletitors),
as well as those that may prey upon their young.

Peregrines are primarily cliff-nesting raptors that prey mainly baravian species.
This species is highly territorial, and shows a high degree of mate andedity f

between years (Ratcliffe 1993, White et al. 2002). Often the use of spediiingradiéfs
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can span generations, as individuals and pairs replace each other, with neempaent
occupancy of a nesting area over decades or centuries (Newton 1979,eREIOH].

Although peregrines can employ several hunting techniques depending on theerey ty
and surrounding terrain, they tend to be most successful hunting from above and using
speed and surprise to their advantage. For this reason, and to protect eggs and nestlings
from terrestrial predators, peregrines tend to breed in areas with highapbpiogt relief
preferably adjacent to open areas that may enhance foraging by preslimiabty

escape options for their prey.

Peregrines are not restricted to cliff-nesting and in the absencesstri@irpredators
have been known to nest freely on the ground or on gradual slopes (Newton 1979,
Ratcliffe 1993, White et al. 2002). Nesting on cliffs to avoid predators, thus limitalspa
distribution, and a lack of cliff sites may limit density and population sizgeas where
prey is abundant. In addition to predator avoidance, nesting on cliff faces, ancks cra
and overhung ledges, has the added benefit of shading nesting birds and young. This
could be a critical factor for nesting success within areas like that Lrotheer Colorado
River Valley where daytime air temperatures are extremelylhydate spring before
young have fledged.

Peregrines are versatile, opportunistic predators that have been shown toreglect
in relation to prey-species density (Porter and White 1973, Hunt 1988, Ratcliffe 1993,
Stevens et al. 2009). A reliance on a wide range of avian prey species is belieagd to |
to stability in peregrine breeding populations (Newton 1979, Ratcliffe 1993). Indeed,

because peregrines prey on so many species of birds, it is not likely thabnaiiiat
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individual species abundance would have a great impact on peregrine breeding and
population size (Hickey 1942, Newton 1979, Hunt 1988, Ratcliffe 1993).

Reservoirs created by river impoundments have been shown to greatly impact a
species composition and enhance aquatic bird abundance and diversity (Pandey 1993,
Stevens et al. 1997). Along the Colorado River, the creation of large reservojrs (e.g
lakes Mead, Mohave, and Powell) has created conditions that allow for increased
numbers of migrating and wintering aquatic birds and has enhanced the regioe’asal
a migratory route for both terrestrial and aquatic birds (Rosenberg 1991, Stieakns e
1997, Spence 1998). Regionally, these reservoirs have increased the abundance and
diversity of potential prey species for peregrines, as well as coategtprey in some
areas along shorelines directly below large cliff faces. At leagtéeles of shorebirds,
waterfowl, and other open water birds use lakes Mead and Mohave seasonally and ar
often found in large numbers (Barnes 2006). This situation has likely been a major force
behind the successful colonization and subsequent population increases of peregrines
within this region (see below; Grebence and White 1989).

Peregrines at Lake Mead National Recreation Area
Peregrines have a worldwide distribution that is larger than anysyhkeies of bird.
In North America, peregrines historically occurred from subarctic boyessts of
Canada and Alaska south through the high volcanic mountains of south-central Mexico
(Cade 1982, Ratcliffe 1993). By the 1950s, peregrines had begun a serious decline
within industrialized countries primarily in Europe and North America. Pdpoghad
dropped by over 90 percent in portions of northern Europe by 1963 and in North America

were eliminated as a breeding species east of the Mississippidyit864, with 80-90
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percent declines in western states by the mid-1970s. Sparking this dediheavy
exposure to the persistent pesticide dichloro-diphenyl-trichloroethane)(@taTother
chlorinated hydrocarbons (White et al. 2002). Within the U.S., peregrines wedealss
endangered under the Endangered Species Conservation Act of 1969 and subsequently
under the Endangered Species Act (ESA) of 1973. The species began recovering
following restrictions on DDT use, and was subsequently delisted by the U.S. Fish &
Wildlife Service (USFWS) in 1999 (Mesta 1999). Nevertheless, as primatgtprs,
peregrines remain vulnerable to persistent environmental contaminants, dizédoca
populations have not always recovered successfully (Mora et al. 2002, &lkbt2005).
As part of a recovery strategy (USFWS 2003), continued monitoring to deteimaine
stability of regional populations has been recommended through 2015.

Peregrines were never recorded commonly in Nevada (Bond 1946), but were
considered extirpated as a breeding species in Nevada from the 1950s until 1985 (Walton
et al. 1988, Floyd et al. 2007), at which time a breeding pair was documented along the
shoreline of Lake Mead within Lake Mead National Recreation Area (LMNFS#Ance
that time, efforts have been made to monitor peregrines within LMNRA andaengaist
increase in the number of known nesting territories has been documented (Table 2.1).
Currently, the steep cliffs adjacent to the shorelines of lakes Mead and Moltiaive w
LMNRA contain the core breeding population of peregrine falcons in Nevada, and
contribute substantially to a broader distribution of breeding peregrineszionAri

The National Park Service (NPS) has actively supported monitoring of peregrines
within LMNRA, with assistance and additional monitoring from the Nevada Depat

of Wildlife, Arizona Game and Fish Department, and more recently University of
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Nevada, Las Vegas. Monitoring approaches, intensity, and objectives hadewidety

over the years, but surveys mostly have focused on determining occupancy at known
breeding territories with much less effort on searching for additional bigeadeas. In

the early 1990s, a more intensive effort by Glinski and Garrison (1992) was focused on
Black Canyon, predominately along the stretch of the Colorado River bedoweH

Dam. During that two year study, these researchers attempted todbgeieegrine

falcon breeding territories in the canyon, identify important foraging hapéat

document occupancy during the nonbreeding season. During that study, these
researchers documented occupied eyries roughly every 5 river km within@agon,
which was consistent with documented densities of breeding peregrines in other
favorable habitats (Brown et al. 1992, Ratcliffe 1993). Building upon previous efforts in
LMRNA, my research has sought to monitor annual occupancy and reproductive effort at
all known breeding territories, while providing a more accurate estimaietioé

territories within the park.

Methods
Study Area
This research was conducted on a breeding population of Peregrine Falcons in
LMNRA. See Chapter 1 for a detailed description of the study area.
Survey and Monitoring Methods
For purposes of tracking reproductive effort and productivity, | monitored all known
territories within LMNRA throughout the 2006 through 2010 breeding seasons (Table

2.2). Sample size and survey hours varied annually and seasonally, adding new
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territories as they were discovered, dropping others after breeding fadareonfirmed

and conducting exploratory surveys at new sites to evaluate occupancy. yemmplo
several survey approaches (see below) to various degrees throughout the sbakly peri
initiating passive surveys in 2006, call-broadcast in 2008, and conducting an exploratory
rapid site assessment in 2009 (see Chapter 1). In 2010, | combined the call-baraticast
passive survey approaches, typically beginning each survey session with call-
broadcasting to quickly establish occupancy and then passively monitoring the a®a for
long as necessary to obtain information on reproductive effort.

Active Surveys- Historically, surveys at LMNRA often included flying Rock

Pigeons Columba livig near eyries to elicit responses from resident peregrines. These
‘active’ surveys were conducted by boat with at least two trained obsemergeaerally
occurred at least once per breeding season (usually April through June) at all known
peregrine territories. Each survey generally lasted around 30 msitef but varied
according to peregrine presence and behavior at the time of the surveynifami

double counting, the active surveys at known territories and other potentialsrtgs

each lake were completed during the same day, beginning as soon as possible aft
sunrise to survey falcons during their most active time of the day. Over thethiears
number of sites monitored increased as new territories were discovered. rm&ey pri
objectives of these active surveys were to establish presence of t¢proeigrines and
determine their breeding status. Eyrie locations and presence of youngoteztevhen
observed, but these were not primary objectives. The use of Rock Pigeons was phased
out beginning in 2006 in favor of more standardized survey methodology and alternative

approaches.
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Passive SurveysBeginning in 2006, | implemented a standard survey protocol
following USFWS (2003) guidelines. This method consists of spot surveys conducted
throughout the breeding season to determine occupancy, breeding attempts, and
reproductive success. Initially, | used this survey method at selectiéatiesr(three in
Nevada, eight in Arizona), selected as part of each state’s random sple-sdknown
breeding territories. These sites were scheduled to be monitored oncéhsxemnears
through 2015. I initiated surveys in January 2006 in order to document the onset of
courtship activities, and as a result | began surveys by mid- to late-Felrtiagey
following years. From 2007-2009, | expanded the number of passively surveyed sites
within LMNRA to include all known territories within the park. In addition, Idiff@s
method at promising sites in 2007 and 2008 in an attempt to discover previously
undocumented peregrine territories.

The ‘passive’ surveys consisted of one 4-hr monitoring session at eachdselecte
territory during peak diurnal activity periods, using 10 X 50 binoculars and 20-60 power
spotting scope. Depending on the breeding stage, | did not remain at the site the entire
hr period if | could obtain the desired information more expediently. | conducted the
passive surveys as needed to determine occupancy, breeding attempts, ang breedi
results throughout the courtship and breeding season (March—July in 2006; Febryary—Jul
after 2006). After initial observations, | determined that surveys could be conducted
throughout daylight hours early in the season and then gradually shifted to focugyon earl
morning and late afternoon periods by mid-May as temperatures rose anthperegr
activity levels during mid-day declined. | followed up evening surveys thenmepning

if needed to clarify territory status.
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During each of the passive surveys, | recorded the coordinates of the abeervat
point, the temperature, approximate wind speed, percent cloud cover, and time of the
effective survey period. When applicable, | recorded the nesting cliff caoedi
estimated distance to the nest cliff from the observation point, the bearinghestire
location, and the aspect of the eyrie. | made an attempt to record the number of
individuals, age, and sex of all peregrines encountered during the survey period. When it
was possible to see into the eyrie, | aged the young by visually compasthggseto a
standard photographic guide (Cade et al. 1996). | took detailed behavioral and general
observation notes, as well as documenting all observations of potential interspeci
competitors (i.e., large predatory birds and cliff-nesting species).

Site Occupancy during the Non-breeding Seasbselected five territories as a

subset of known breeding territories within LMNRA for which to conduct monthly non-
breeding season passive surveys from August, 2008 through January, 2009. |
implemented these surveys in an effort to gain insight into whether breediggmpeseat
LMNRA were migratory or year-round residents, and to better understand whether
incidental sightings of peregrines during fall and winter months wereriesidlents or
migrants from elsewhere. I initiated these surveys shortly aftessuwammd followed the
same passive methodology as described above (see Passive Surveys), but used a
shortened, 2-hr survey period centered on eyrie locations identified during the 2008
breeding season. Attention was spent to determine whether territorial bebavior
behavior that would indicate the presence of a pair-bond between resident adults (i.e.,
territorial display or defense, cooperative hunting, prey sharing, or affomitiie nesting

area), was exhibited which might indicate whether the birds weredidemne breeders,
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dispersing birds, or nonresident migrants. It was necessary to rely on bahawesr to
determine residency because no peregrines have been marked in this regionrskce Gl
and Garrison’s (1992) effort in the early 1990s, and it is extremely difficulctoraely
determine the identity of unmarked peregrines in the field.

Call-broadcast Surveysin conjunction with this project, | developed a call-

broadcast survey technique in 2008 in order to reduce the time necessary tdestablis
presence of territorial peregrines from that required using the passive mshod (

Chapter 1). Research | conducted within LMNRA during the 2008 and 2009 breeding
seasons was used to establish response and detection rates of peregesasted
conspecific calls throughout the breeding season, as well as genérhdasseof the
methodology, and the demographic data acquired during that effort was also used for this
study.

Rapid Site-assessmenin order to efficiently identify previously undocumented

peregrine territories, | collaborated with a Geographic Informatyates (GIS)

specialist (Ms. Stacy Crowe) to develop a predictive habitat suitabilidehusing a
maximum entropy approach in the program Maxent v. 3.2.19 (Phillips et al. 2006; see
Chapter 1). Our intent was to high-grade areas for potential breeding based ouspyevi
identified territories. The model was based on the slope, solar insolation (wattrfipurs
from 08:00 to 16:00 on 7 June), and distance to river or lake of all previously known
eyrie locationsN = 28). We visualized the model using GIS software (ArcGIS v. 9.3,
Environmental Systems Research Institute, Redlands, CA 2008) and targeted cal

broadcast surveys in areas with highly predicted habitat for breedin@ (Big.
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Specific survey points were located in areas predicted as having high peregrine
breeding habitat potential from the model, or where previous incidental sightings of
peregrines were observed (e.g., Fig. 2.3). | used the call-broadcast teetbaduct a
rapid assessment of peregrine occupancy at these points. Since pesggrkmesvn to
be highly territorial, | conducted surveys outside previously known territorees (i
generally > 2 km from the nearest known eyrie or territory center). Additaia
broadcast or passive surveys (as needed) were repeated at alhsiteperegrines were
detected in order to determine territorial occupancy, breeding status, aodtthe
eyrie if possible.

Occupancy and Reproductive Assessment

Site Occupancy | defined an occupied site as an area containing at least one adult or

subadult (second-year plumage) territorial peregrine during a portion of the lgreedin
season. Occupancy rate is the proportion of monitored years a territory wagoccupi
after the first year it was discovered. | defined a peregrinétgras an area that

contained, or historically contained, one or more alternate eyries withiothe range

of a mated pair (Steenhoff and Newton 2007). An eyrie, as defined herein, consists of a
peregrine nesting surface contained within or on a crack, hole, or ledge on thedace of
cliff. A territory will usually contain alternate eyries over succegdiears (sometimes

on separate eyrie cliffs), but is an area where no more than one pair is known to have
bred in the same year. | analyzed whether there was independencedfctpe

success for previous and current year with a Fisher's exact test (2008-2al<®) tested

the independence of the decision to move an eyrie with the previous year’s s1s00gss
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a chi-squared test with all years pooled to obtain sufficient sample siza&l ¢€hd Rohlf
1995).

Distance and Measures of Density used a laser rangefinder with an accuracy of +/-

0.3 m (TruPulse 200 B, Laser Technology Inc., Centennial, CO) for all distance
measurements in the field and to determine cliff and eyrie height. Eyri®lwavere
plotted on ArcMap to the nearest meter after taking field measurements and
superimposing coordinates on digital topographic maps and aerial photographic layers
Accuracy of eyrie points varied by site, but was generally +/- 2.5 m.etrdeted the
nearest neighbor distance (NND) as the distance in meters from one dceyrpeeor
territory center to the eyrie or territory center of the nearest neigigaerritorial

peregrines (measured with GIS software). In some cases | could nettleeatyrie, or
territorial peregrines persisted at a site for a portion of the breedimagipwithout laying
eggs or selecting a nest. In those cases, to calculate NND | usedlittvey teenter,

which is the center of most activity observed throughout the course of thenigreedi
season. | restricted relative territory size estimates to lechtireas with continuous
habitat for breeding (e.g., Black Canyon, Boulder Canyon, and Virgin Canyamg, usi
half the mean NND as a circular buffer around each eyrie (Calef amd H&Z0,

Newton 1979). When considering possible effects of density on breeding, | used a cutoff
of <5 km NND to define ‘high’ density sites, with all territorle® km NND existing in
‘low’ densities. Low density sites included territories spaced fagpart than the

median NND and were assumed to receive lower intruder pressure from neighboring
pairs than in the high density areas. | measured the nearest distanc f(@.evalake, or

permanent river) of all eyries with GIS, and categorically pooled themnear’ (< 640
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m) and ‘far’ & 640 m) for purposes of comparing reproductive output, and evaluating
prey composition. | used general linear regression models to analyzs effdistance

to water on breeding indices and found no significant difference. However, a trend
among years indicated there may be some discernable impacts of distasaterf so |
conducted further categorical analyses. Initially, | consideredsegsieither neax (750
m) or far (>750 m) because there appeared to be a break in spacing at thapoiot

all eyries were< 750 m from water and there was a gap of nearly 400 m to the next
nearest eyrie (1142 m). However, | reduced the cutoff point to 640 m because | was not
able to collect prey from any eyries > 640 m from water. Categoenxalls of
reproductive success were similar when setting the cutoff at 640 m or 750 m¥ (near
85.9% a 750 m, and 84.8% at < 640m vs. far = 50% at > 750 m, and 59 3%t

m).

Reproduction- | monitored all known breeding attempts throughout the duration of
each breeding season or until confirmed breeding failure. | considered tiossroa
copulation, prolonged courtship, or evidence of reproduction (i.e., incubation posture,
nestlings or fledglings present, adults delivering prey to the nest)oaifon of a
breeding attempt. | visually determined nestling ages (as describe ,adoavéhen back-
dated using the average number of days required for each stage of the bogediige.,
Laying = 7 days, Incubation = 31 days, Nestling = 42 days) in order to assigyy g
hatching dates. My definition of breeding success followed the USFWS (2003)
definition for peregrines in which a nest was considered to be successiebi$tabne
nestling reached the age of 28 days old, otherwise stated as > 65% of theiirage at f

flight (Steenhoff and Newton 2007). | considered a breeding attempt to have been
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unsuccessful when a pair of adults previously observed engaged in prolonged courting or
copulating did not produce eggs or produced infertile eggs, when nestlings were
documented dead prior to attaining 28 days of age, or when the eyrie was verified empty
by visual inspection prior to nestlings surviving to 28 days with no surviving young
discovered nearby.

Only those breeding attempts | was able to detect in the early stapes of
reproductive cycle (i.e., courtship or incubation) have been included when catrulatin
breeding success rates and when determining productivity. The apparentdoreedin
success rate (success rate) was calculated as the proportion of suoessisiglpairs to
the total number of breeding attempts in the population (Newton 1979, Steenhoff and
Newton 2007). Productivity was the number of young that reached 28 days of age,
reported as the number of young per breeding attempt. | modeled two continuous
independent variables (NND, and distance to permanent water) using a geddnadiar
model with a binomial error term for reproductive success and multinomiafferror
reproductive output (Sokal and Rohlf 1995). These calculations were restricted to the
years 2008-2010 when adequate sampling provided data for sites far from watksis M
were produced within years in order to avoid pseudoreplication for territargded
more than one year. Generalized linear models and analyses were conducte®ih SAS
(SAS Institute 2002-2008).

Prey Assessments

To evaluate prey composition, | recorded observations of direct prey attempts during

standard monitoring and survey efforts and opportunistically during other timesy A pre

attempt was any hunting effort involving at least one full dive on a given pray(Bird
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and Aubry 1982). Only those attempts in which | was able to observe the interaction
from start to finish were used to calculate hunting success rates. nitetgithe identity

of the intended prey to the lowest taxonomical unit possible. When possible, | recorded
the gender and age (i.e., fledgling, subadult, adult) of the foraging peregrines émerwhe
the attempt was a tandem attempt involving two individuals. The number of observations
per month varied from nine to 52 January through November (mean = 19.8
observations/month), with only two observations during the month of December.

As a second, independent assessment of prey use, | collected prey fromitoreeterr
following three breeding seasons (2008-2010). These collections were condigcted a
fledging had occurred in order to avoid disturbing breeding attempts. | brioaghall
prey remains for laboratory analysis, which involved identifying diagnastictaral and
plumage characteristics of feathers and skeletal remains. | caliethavith a regional
expert (Mr. N. John Schmitt) to identify prey remains and to determine the minimum
number of individuals for each prey type by counting body parts such as beaks, legs, and
diagnostic flight feathers (Olsen et al. 2004).

| conducted five years of Aquatic Bird Count surveys on lakes Mead and Mohave
during a separate inventory and monitoring project within LMNRA designed tesasses
aguatic bird numbers and timing of migration (March 2004 through July 2009). For that
project, | defined aquatic birds as the members of all families fromdaa&ihrough
Anatidae and from Rallidae through Laridae (1998 AOU sequence). lesklatgnsive
monitoring locations in which to conduct monthly surveys, representing local@rea
high aquatic bird activity (three permanent sites on each lake). Two thirtleeLake

Mead locations were within 4 km of three peregrine territories, while one bake
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Mohave locations was within close proximity to a single peregrine terri®eginning
in January 2008, | also conducted monthly surveys along a 19.5 km stretch of Black
Canyon on the north end of Lake Mohave, a stretch of flowing water immediatetyiin f
of four peregrine nesting cliffs. These surveys were conducted by tigatiedi targeted
shoreline by boat or kayak and counting all aquatic birds and raptors within the
designated survey areas. Herein, | reference the results of theomamd monitoring
in order to obtain an idea of aquatic bird availability as potential prey for resident
peregrines.

| determined avian prey mass by referencing published values (Dunning 1993) of
average adult mass for each species, and calculated prey biomass from thesproport
each prey type. | differentiated by gender as many sexually-dimorploiespps
possible for a more accurate assessment of prey selection by master lio @nalyze
prey composition at territories ‘near’ (< 640 m) versus ‘far640 m) from permanent
water, and to track monthly change in diet, | categorized birds as ‘aquateefrestrial.’
| defined aquatic birds as an informal and diverse group of birds tied ecdlptpcal
bodies of water for a significant portion of their lives. Aquatic birds include al
waterfowl and coots (Anseriformes, Rallidae), diving birds (Gaviiformes,
Podicipediformes, Pelecaniformes), shorebirds (Charadriiformes), gdliems
(Laridae, Sternidae), as well as riparian obligate species in our Bee@strial birds
include all birds regularly found away from open water, which were mosespa(ti
Passeriformes, Apodiformes, Falconiformes, and Galliformes. Onlyapteypts that
were initiated within 600 m of an eyrie were considered during analysisyoafteenpts

at territories near and far from water. | collected prey remaiesthfiee breeding
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seasons (2008-2010) from one eyrie considered far from water (640 m), and @ollecte
remains from eight eyries near water for a total of 11 collection years.
Agonistic Interactions

| documented all intraspecific and interspecific agonistic interactmuadving
peregrines which escalated at least to a chase during the years 2004-2010ve¥Whene
possible, I identified the species, gender, and number of individuals involved, peregrine
breeding stage, and other circumstances associated with the event. Additionally
recorded breeding activities of nearby large predatory birds (i.e., Haltoas) and
Common RavengJorvus coray species with the ability to alter peregrines’ behavioral
patterns, and which are potential competitors for prey and nest-sites anghsddatary
threat to peregrine adults and young (White and Cade 1971). | determined-aésite
distances for these species if they were within an area of influence arowyi¢hie
which peregrines routinely patrol and defend (Cade 1960). | extended this for all known
Prairie FalconKalco mexicanusbreeding attempts, a congener with a high likelihood of
influencing territory dispersion in areas of sympatry with peregrines ghdtrong

ecological overlap (Porter and White 1973, Dekker and Corrigan 2006).

Results
The number of known peregrine territories within LMNRA increased from aesing|
territory in 1985 to a total of 37 by the end of the current study, of which a maximum of
33 were occupied in a single year (Table 2.1, Fig. 2.1). During the coulsemttent
study (2006-2010), | documented a 136% increase in known occupied peregrine

territories (Table 2.1, Appendix 1). Some of this increase likely wasuét & increased
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exploratory efforts to identify previously undocumented territories andja iacrease in
the number of survey hours per breeding season (Table 2.3).

| recorded a maximum of 65 territorial peregrines in 2010, up from a total of 34 in
2006; this includes single adults or subadults holding a territory for at least part of
breeding season. | had no way of distinguishing between territorial ressateh
nonbreeding ‘floaters,’ so the total number of territorial peregrines does hatertbe
many incidental observations recorded away from breeding areas, naridoksle
occasions in which | documented more than two adults at a territory.

Nesting Chronology

The estimated mean annual date peregrines began laying ranged froncB4riMar
2010 to 6 April in 2006 and the earliest annual laying date averaged 13 March (earliest
laying = 8 March; Table 2.3). During individual years, an average of 42 dessdpas
between the earliest nesting pair to that of the last pair to lay eggsth@wtudy period,
peregrines initiated egg laying progressively earlier in subsequanst yeth the earliest
laying date 8 days earlier in 2010 than in 2006 (Table 2.3). The earliest hatching began
on 15 April (mean = 20 April), and earliest fledging date on 27 May (mean = 1 June).
The latest confirmed successful fledging date was 14 July. Low sampéndizelack of
local and regional climatic data preclude further analysis at théesdfrahanges in the
timing of breeding initiation. | recorded a total of 42 acts of copulation, primarily
between mid-February and mid-April, and usually during the courtship (71%) and lay
(12%) stages. However, | also observed copulation during the incubation (7%) and

nestling (5%) stages, and as late as mid-May on four occasions.
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Eyrie Characteristics

Over the course of this study, | identified 64 individual eyries at 32 distmitotees.
Eyries were placed on cliffs averaging 100 m (range = 12-270 m) in total hdight, a
two thirds of the way up the cliff face (mean = 66.4 m, range = 8-238 m). All iéehtifi
eyrie scrapes (actual nesting platform) were placed directly on las&ate (rock with
fine gravel) on the face of the eyrie cliff, split nearly evenly betwieetprimary
structural types (ledge = 24, crack = 20, hole =20). Ledges (horizontal rocwishel
no direct overhang) were the most exposed to the elements, while cracks (hbsizelft
with overhang) and holes (approximately circular opening recessed intdotiff were
overhung to various degrees. Eyrie dimensibhs {7; 2 ledge, 4 crack, 1 hole) were an
average of 301 cm wide (median = 227 cm, range = 59-831 cm), 45 cm high (range = 32-
58 cm), and 114 cm deep (range = 39-175 cm). The directional aspect of egriast wa
distributed evenly (Fig. 2.4); with 23 facing north to east (36%), 7 fa@sfgte south
(11%), 11 facing south to west (17%), and 23 facing west to north (36%). By contrast,
randomly selected points within each territory (600 points on cliffs > 42° slope randomly
selected within a 300 m buffer of each eyrie) were distributed such that 33% faited nor
to east, 26% faced east to south, 17% faced south to west, and 23% faced west to north
(Fig. 2.5).

Alternate Eyries- During the study period, individual eyries were used an average of

1.5 years. At territories monitored during consecutive y&arsg7), eyrie locations
were relocated the following year on 57.9% of occasions with an average @istaned
of 200 m. Reproductive success (81.8% success before eyrie relocation, 72. %% succe

after eyrie relocatior\ = 33,P = 0.219) and productivity (2.0 young/attempt before and
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after eyrie relocatior\ = 33,P = 0.363) both showed independence at territories from
one year to the next. The decision to move an eyrie was independent of the previous
year's succes¥{= 0.063, df = 1P = 0.198), with relocation occurring after 27 of 46
(59%) previously successful breeding attempts, and after 6 of 11 (55%) feeleqbistt
In two territories, the same eyrie was used in four consecutive yearsiacgssful
breeding each year. At other territories, peregrines never used theysame e
consecutive yeardN(= 9) yet still attained a high rate of breeding success. After d faile
breeding attempt, peregrines that selected a different eyrie the fuilg@ar moved an
average of 319 m\ = 6, range = 81-630 m), while alternate eyries after successful
breeding the previous year were only 174Nv=(27, range = 3-647 m) distant.
Population Parameters

Occupancy- Peregrine Falcon territories within LMNRA have a high rate of annual
occupancy. From 2006-2010, the overall annual occupancy rate was 94.3%. In
comparison, territories monitored foi5 years since 1985 (= 20) had an overall
occupancy rate of 93.2% (occupied 219 out of 235 territory years), with the individual
site occupancies ranging from 80-100%. Nine territories were occudi@éadonsecutive
years, and one territory (Promontory Point) has been occupied for 26 continuous years
(1985-2010).

Distance to Water Eyries were located an average of 886 m from water 64,

median = 161 m, range = 1-9318 m). Including the reuse of individual eyrie sites, |
recorded 93 confirmed breeding attempts (94 eyrie years including onetbietwi

reproductive output verified). Of these breeding attempts, 72 (71%) of the eyrées wer
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located ‘near’ permanent water (< 640 m), while all others (29%) werdrdan’ water
(640-9318 m).

Density— The overall mean annual NND within LMNRA varied from a high of 6.78
km in 2006 (range = 1.64-27.43 km) to a low of 6.3 km in 2009 (range = 1.51-32.71 km),
while the median annual NND varied from 4.93 km in 2007 to 4.07 km in 2008 (Table
2.4). The recorded densities were much higher in localized canyons with an abundance
of available high cliffs near water for nesting. This was particularlyesiwithin
Boulder Canyon, a 7.81 km stretch of broken cliffs and deeply incised coves (Fig. 2.6).
This stretch of canyon harbored five successful breeding pairs in 2010 (mean NND = 1.9
km, minimum NND = 1.52 km), with an average territory size of just 2.7 Kfwo pairs
on the east end of the canyon nested just 1.21 km from one another in 2009, the closest
nesting distance documented. The density in 2010 was one territory/{@2tkim the
entire land area of LMNRA (approximately 4025%with a Lake Mead water level of
335 m asl), although the meaningfulness of such statistics is questionable given that
density clearly drops as one moves away from the lake shores and prefey@isca

Reproduction-The overall breeding success rate for 2006-2010 was 70.6%, with
yearly rates fluctuating from 61.5% to 75.9%, respectively (Table 2.5).uhtkrted a
total of 177 successful young produced at LMNRA during the study period (185 young
including those discovered late in the breeding season). The cumulative mean number of
successful young/occupied territory was 1.28, with 1.74 successful young/breeding
attempt, and 2.46 successful young/successful attempt. Neither NND nor distance
permanent water had a significant effect on reproductive success or progficiimit

2008-2010 (Tables 2.6 & 2.7). Although distance to water did not have a significant
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effect on breeding by year, a pooled categorical analysis of reproductingtttnear
permanent wateiN = 66) yielded a success rate of 84.8% and 2.23 young/attempt, while
attempts far from wateN(= 27) had a success rate of 59.3% and 1.0 young/attempt
(Table 2.8). Territories existing in high density (< 5 km NWND; 54) had a success rate
of 75.0% with 1.9 young/attempt, which compared to low density territdxies39)
with a 66.7% success rate and 1.73 young/attempt (Table 2.9).
Non-breeding Season

My assessments of peregrine activity during the 2008-2009 non-breeding season
provide evidence that many peregrines within LMNRA do not migrate and nmaantai
high level of year round site fidelity (Table 2.10). Four of five sites shoalatively
consistent occupancy of at least one adult present throughout the non-breesbng sea
with pairs regularly present at three of the four territories. These Ippgsato have
been residents, as they showed a strong affinity for perching on theldfy(iesaally
within 100 m of the eyrie). In addition, | often detected cooperative hunting, food
sharing, and mutual demonstrations of territory advertisement or defensatinglic
evidence of pair-bonding throughout the year. | was not able to detect peragones
site from November through mid-February, after which time courtship aesiviti
commenced. These findings were supplemented with 44 incidental observations of
peregrines on territories during non-breeding periods in previous and subsexarerat
a total of 18 different territories.

Prey Composition
| observed 220 prey attempts and collected remains of 217 individual prey items

(Appendix 3). Results of prey attempt observatidhs 20) indicated a 27.6% success
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rate and 37 distinct prey types targeted (58 successful attempts on 13 preyTyiees
collection of prey remains\(= 217) resulted in the identification of 56 distinct prey
types, 23 prey types were shared between the two methods (Tables 2.11 & 2.12). Pooled
results of observations and prey remains indicated peregrines at LMMRAQdypes
of prey, including 58 avian species, nine avian genera that could not be identified to
species, one genus of b@hjropterasp.), a single desert spiny lizai®cgloporus
magiste), and an observed attempt on unidentified invertebrates. One common carp
(Cyprinus carpi@ was collected from a plucking perch immediately below an eyrie,
which possibly may represent pirated prey from a wintering Ospraydjon haliaetus
Taken together, the order Passeriformes (also including single spenies fro
Caprimulgiformes, Apodiformes, and Coraciiformes) and open water birds
(Anseriformes, Podicepediformes, and Pelecaniformes) were the twolmaostat
overall prey categories by observed attempts (40% and 23.6%) and remains (33.6% a
22.6%). After breaking the results into species and family groups, composition of the
most common prey groups of birds were similar between attempts observed and
collection of remains (Tables 2.11 & 2.12). Columbids (pigeons and doves) were the
most numerous when considering attempts (10%) and remains (21.2%), but were
surpassed by icterids (e.g., grackles and blackbirds) and ducks in biomass ofiduccess
attempts and by biomass of collected individuals of Eared GrBoescéps nigricolliy
and American Cootd=(llica americang After combining methods, the three most
common groups of prey items were dovds=(68), Eared Grebesl(= 43), and icterids

(N = 39).
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Prey Availability— The abundance of aquatic birds undergoes dramatic, but

seasonally and annually predictable, variations throughout the year withiRAMKNg.

2.7). The period with the lowest numbers of aquatic birds on either lake, and within the
Black Canyon corridor, occurs late in the peregrine breeding cycMMRA (Fig. 2.7).
Aquatic bird numbers peaked in April on Lake Mead, experiencing a precipitous 84%
drop by June. The peak coincided with the local peregrines’ incubation stage, while the
low period in June and July coincided with when most territories were eithar taee
nestling stage or recently fledged. Overall numbers of aquatic birds at e thre
permanent sites on Lake Mohave were much lower than on Lake Mead, but they also
became scarce by early summer, a more gradual 92% drop in abundance from January
through June. | recorded a large number of birds in Black Canyon and Lake Mohave in
2008, primarily American Coots (82% of all records), in January before the count
dropped 91% by May, not beginning to rebound until September-October.

Variation in Diet Compositior Prey attempt observations indicate the proportion of

aquatic verses terrestrial birds taken by peregrines at LMNRA shafisedly throughout

the year (Fig. 2.8), reflected also in a change of monthly mean prey weigh2.9).

The proportion of attempts on aquatic birtls{ 76) dropped from nearly 82% in January
to just over 14% in March, not increasing to above 50% of the overall composition until
September and later. Terrestrial birtls(111) showed an opposite trend, reaching a
peak composition of 72% in May and dropping quickly after August. The monthly mean
weight of prey attempts mirrored the monthly change in aquatic bird composipoeyof
attempts. The large categorical difference in mean weight of allieguak riparian

obligate bird types in the sampld € 35, mean = 413.4 g), as compared with terrestrial
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bird types in the sampl®&l(= 32, mean = 89.2 g), was mainly responsible for driving this
pattern (Appendix 3). Interestingly, the lowest mean prey weight waspitei@ber (68.4
g, Fig. 2.9), which coincides with the southern migration of shorebirds, typicather
small aquatic bird type as found in LMNRA (number of prey species = 12, mean weight
= 164.8 g) and making up 46.2% of the month’s total prey attempts. The mean prey
weight of attempts in April-Juné(= 126, mean = 153.5 g) was less than a third of that
in November-January\(= 22, mean = 516.6 g).

Prey selected at territories far from wate6@40 m) differed from those territories
near water (< 640 m) in both observations of prey attempts and collected praysremai
(Table 2.13). The proportion of aquatic birds targeted by peregrines during observed
prey attempts were much greater in those territories near water @&dhose far from
water (17%), and correspondingly the mean prey weight was over thregyteaésr at
territories near water. In comparison, prey collection data indicategharty (46%
versus 43%) in territories near and far from water; however, the mean eblfety
weight at far territories was still just two thirds of that recordatkat territories (far =
147.4 g, near = 228.9 Q).

Agonistic Interactions

| observed an increase in numbers of aggressive agonistic interactions between
peregrines during the years 2006-2009, before dropping in 2010 (Table 2.14). Over three
times as many interactions were observed in 2008 and 2009 as compared with the
previous two years and the number of observation hours between bouts in 2009 was just
23% of that in 2006. | observed peregrines engaged in agonistic interactions with 10

different speciesN = 113; Table 2.15). Red-tailed HawButeo jamaicensjsvas the

57



species most commonly interacted with< 39). The four most common species
accounted for 88% of all interactions. Mean inter-nest distances to breediggnese
varied by species, although Common Ravens (minimum distance = 50 m) and Red-tailed
Hawks (minimum distance = 87 m) both successfully bred surprisingly closev® act
peregrine eyries (Table 2.16). Overall aggression of peregrines towardspécies was
highest from March through May, peaking at various times for each speciedibuibug
the breeding season (Table 2.17). Intraspecific interactions betwegnmesgeaked in
April (N =9).
Call-broadcast and Rapid Site-assessment

| used the call-broadcast technique extensively to evaluate territory acgugsly
in the season from 2008-2010 (method testing 2008 and 2009), and in an attempt to
rapidly assess areas for undocumented territories in 2009. In 2009, | used an eyplorator
rapid site-assessment approach at 111 individual locations, primarily frooePReB6
through April 13 (courtship through incubation) with some follow-up visits in late May
(132 total call-broadcast events). These locations were based on anamlinabitat
suitability model that highlighted about 2.5% of the area of LMNRA. Peregriaes w
detected at 12 of the 111 rapid assessment survey points, resulting in the discemery of
previously unknown territories and verification of four additional territories tlea¢ w
suspected but previously unconfirmed; two of the positive detections were duplicate
observations of birds from territories previously discovered at earliet asgessment
points. In the case of one of the newly verified territories, | traced tieeresarly 2.8

km from the primary activity center as identified during 3 previous years ofysurve
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This eyrie had not previously been pinpointed due to rugged terrain and the vast amount

of suitable breeding habitat in the area.

Discussion

Whether the known territories documented each year at LMNRA has eeflibet
actual number of territories present is not clear since numbers have contimeaeadse
with increased search effort (Table 2.1). Nevertheless, the number ohigrpedegrines
at LMNRA has increased substantially after the first dedeaif breeding in 1985 and
now represents an important regional breeding area (Appendix 2). With the exaépti
the intense search effort along the length of Black Canyon in the early 1990s, the
historical survey efforts were focused on monitoring areas with known peregr
presence, with new territories added as they were detected. Given thrsosteaa
detection of territories (Table 2.1, Appendix 1) likely lagged behind that of theatieie
of expansion of the breeding population. Furthermore, the detection of territories was
likely biased toward those areas along the lakes where breedingitsntere already
known and survey crews spent significant time travelling to and from monitoesd sit
this is especially likely in areas with high density within Blagnagon, Boulder Canyon,
and Virgin Canyon.

Beginning in 2006, a more focused effort with drastically increased surveyvas
initiated to search for additional (undocumented) peregrine terri{drade 2.2). The
result was a rapid increase in the number of known breeding territories eath thea
present. | documented large increases in the number of known territories from 2006-

2008, as | began using the passive survey method in areas previously not surveyed in
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conjunction with monitoring traditional sites. A second large increase occurred in 2009
as | combined the newly developed call-broadcast method with a habitatlisyimadp
to rapidly assess many more areas of predicted high quality habitat in a sioarbpe
time (Figs. 2.2 & 2.3). The increases continued in 2010, as three new territemgees w
confirmed while combining the call-broadcast and passive survey approaches.
Population Dynamics

High overall breeding success rates and productivity throughout the study period are
likely indicators that the breeding population at LMNRA is still expanding. nMea
productivity within LMNRA from 2006-2010 was 1.7 young/breeding attempt, but had
increased to 2.0 in both 2009 and 2010 (Table 2.5). This compares favorably with
expanding populations in Colorado from 1989-2001 (1.7 young/breeding pair; Craig et al.
2004) and California from 1993-1997 (1.6 young/breeding pair; Mesta 1999). By
contrast, the Rocky Mountain/Southwest Peregrine Recovery Plan established 1.25
young/territorial pair as the threshold productivity level that would resulseifa
sustaining population (USFWS 1984). Additionally, stable resident peregrine
populations elsewhere in North America typically experience prodycafit.0-2.0
young/pair. The size and stability of breeding populations are commonégrddithy
floater-to-breeder ratios commonly in the range of 1:1 to 2:1 (Whék 2002).
Without marked individuals | could not evaluate parameters important forisktafl
population dynamics; such as, size of a non-breeding floater population, mortabty rat
age of breeding (but see below), natal dispersal, turnover of breeders, andi@migra

from outside sources. Nonetheless, | have observed no evidence to suggest mortality and
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turnover rates are outside expected values for healthy populations, and | did not observe
any banded individuals from outside breeding areas.

While the overall rate and timing of the increased numbers of breedirgripessat
LMNRA is difficult to determine with accuracy, there are indications plaaticular
locations have increased markedly in recent years. Black Canyon was thproughl
surveyed by an experienced crew during the 1990 and 1991 breeding seasons, and after
surveying 49 sites, only four occupied territories were documented along therB&km
channel — an average of one pair/8.75 river km with a mean NND of 8.01 km (Glinski
and Garrison 1992; Fig. 2.10). Survey efforts in recent years were of sitelasity,
and during the 2010 breeding season | documented seven occupied territories along the
same river stretch, resulting in an average of one pair/5.0 river km wiglaua NND of
4.2 km. Additionally, breeding territories along the canyon have expanded southward
with two new territories identified in a 6 km stretch of canyon south of the origudht s
area; one discovered in 1995 and one in 2007. Thus, by 2010, a total of nine territories
were active along the 40.3 km stretch of canyon with about one pair/4.5 river km (mea
NND 3.9 km), roughly twice the linear breeding density detected in 1991. Asgami
average territory size of half the local mean NND (Newton 1979), the averatwyerr
size in 2010 was 11.8 Kdown from 50.4 krhin 1991.

The reproductive success of territories discovered in later years, caibthe
territory acquisition and attempted breeding by young peregrines, provickbea
indication that the local population may still be increasing. | was not able to deyec
signs of accumulated muting under eyrie ledges or associated perchespétheurO

newly discovered territories in 2009; suggesting the possibility of only re¢ent si
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occupancy. Importantly, none of the four sites were successful and only three of the
remaining new sites fledged young (30% success rate at newly disttaeitries).

These observations fit with known patterns that indicate younger breedinggaarslly
have low breeding success (Newton 1979, Ratcliffe 1993). Eight of these 10 territories
were reoccupied in 2010, and overall seven were successful; producing an average of
1.88 young/successful attempt, as compared with 2.59 young/successful atteithpt for a
territories in 2010. The increased success rate (but with lower productivityyethaer
2010 may not be definitive but, even if 2009 was not the first year of occupancy for
several of these territories, it appears as though these sites magaamihyr have been
established. Complicating the issue, however, is the fact that five of theriesrivere

also far from the lakes (1459-9318 m from major water bodies), in which case greedin
success may possibly be lower regardless of the age of breeding individizalsebef

the lack of abundant aquatic prey in close proximity to the nesting site.

Within LMNRA, the presence of recent territory holders and breeding attéropts
young peregrines (subadult) with second-year plumage is a further ioditzi this
population is still growing. A similar pattern of breeding age skewed towatdsygr
individuals was documented in an expanding population of peregrines in the Midwest
that was not density limited (Tordoff and Redig 1997). Within LMNRA, a subadult was
observed during the breeding season at a territory on Lake Mohave in 2004, but it was
unclear if this bird was a member of the breeding pair. This was followed by an
unsuccessful breeding attempt at a newly discovered territory by a subathlé frired
with an adult male in 2007. Also, two of the newly confirmed territories in 2009 were

held throughout the breeding season by single, unmated subadults (one male, one
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female). One of the young birds remained on its territory throughout the wioitdinsn
and successfully produced one fledgling in 2010. Also in 2010, | observed the first
confirmed mate-switch during the breeding season within LMNRA with adsitifar an
adult breeder. An adult male was observed with its mate during the laying andiorcuba
stages, but was observed to have been replaced by a subadult male mid-way hierough t
nestling stage (nestlings about 23 days old). | observed the young male feetliingsnes
in the presence of the adult female and later perched within 1 m of the fenrale lior
On a subsequent visit, the juvenile male delivered prey to two successful n€3titgs
of fledging age).
Density Considerations

Regularity of spacing, at various densities and relative to local habitateynd p
availability, is a result of territoriality and peregrines appear & laaminimum
interspecific compression distance or tolerance threshold (Cade 1960, Newton 1979,
White et al. 2002). Territorial spacing in this species can be seen as arepulsi
avoidance of one territory to the next, so half the distance between two &srdan be
roughly considered the area of influence of each territory and will ggnbeatlefended
by the resident falcons (Ratcliffe 1993). The minimum and average NND can then
inform as to the minimum territory requirements in a given area. The ni¢Brabross
the LMNRA region has held relatively stable over the past five @866 mean NND =
6.71 km, 2010 mean NND = 6.43 km), even as the number of known territories appears
to have increased by nearly 60% in the same period (Table 2.4). Howevemitham

NND has dropped over 26% (1.64 km-1.21 km), which is a result of increased crowding
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in localized canyons along the lake shores that provide high quality foragihgontain
abundant potential nesting sites.

The high densities of peregrines within LMNRA now rival those of some of the
highest concentrated breeding areas known globally (Appendix 2). Within North
America, local breeding density has been shown to reach one territor@Q & or
higher, but one territory/100 to >1,000 ktends to be more typical (Ratcliffe 1993).
Within LMNRA, the overall density in 2010 was roughly one territory/123, lout
density in three localized canyons not limited by available nesting halbidiaity &lose
proximity to water, have been documented at much higher densities (1 territangf2.7
N = 5; 1 territory/10.8 kify N = 4; 1 territory/11.8 kffy N = 9). At what point density
begins limiting breeding success and population size within the highly pretamgdns
at LMNRA remains to be seen.

Population Limitation

Habitat quality can be measured by its ability to sustain a population over time,
without immigration; that is, the quality of a territory can be measureldebgiuration
and rate of occupation, contribution to reproductive output, and the predictability of
breeding success (Newton 1991, Sergio and Newton 2003). As predicted for territorial
species, the highest quality individuals, or first to arrive, tend to monopolize thathighe
guality sites (Fretwell and Lucas 1970). This model predicts more low qtealityries
will be occupied over time as localized density increases in highly suitabigat and as
energetic and defense costs accrue in the high quality sites. Theseoredccupancy of
low quality territories lowers the mean per capita productivity which, in tusoltesin

density-dependent reproduction that can regulate population size (Sergio aot Newt
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2003). The situation is somewhat complicated in that it is not always possiblerateepa
whether high breeding success is due to habitat quality or of the quality of tipyiocc
birds (Newton 1979). Besides considerations of quality of individuals, it is also possible
that the first birds to arrive in an area occupy the highest quality sites awiifgllbirds
are relegated to lower quality areas regardless of the individual’ssfifNesvton 1979).
Highly productive individual territories may be thought of as ‘sources’ withatal |
population when compared to ‘sink’ territories not productive enough to sustain
population levels long-term (Newton 1991). From 2004-2010, the top five peregrine
territories (12.8% of all territories) within LMNRA produced 37% of the total loemof
successful young (2.69 young/breeding attempt), and the top 12 territories (30.8% of al
territories) produced 66.7% of all young (2.38 young/breeding attempt). Insiotite
27 territories with the lowest overall number of young (69.2% of all terrijooiely
accounted for 33.3% of all young (1.17 young/breeding attempt). Depending on
mortality, the top territories will each have twice the recruitmentrpiadehan the low-
grade territories. The low-grade territories may act as sinks tlyahohde able to
remain occupied without steady immigration from more productive areas.
By analyzing productivity in relation to distance to water, it may be possiloi®te
precisely define territories that act as population sinks within LMNRA. itdgas far
from water have been shown to reproduce at levels theoretically unable to sustai
themselves over time (1 young/breeding attempt). New breeding pacsratrained by
existing territory holders, so an increasing number of low-grade tegsttar from water
will be occupied as the territories near water reach a density thresholdfreithe

insufficient prey or intensified territorial aggression as density inesea&ccording to
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the theory behind density-dependent population limitation, at some point the growing
proportion of sink territories will provide enough negative feedback that will aichito |
the overall population size and thus establish a maximum sustainable population size.
Access to prey near eyries lowers the energy demands of foragingatgpeoen
individuals are forced to return great distances to the eyrie while rogupyey (Newton
1979, White et al. 2002). A prominent eyrie cliff and presence of surrounding cliffs
allows resident peregrines to employ a sit-and-wait hunting method, and thaipyafi
eyrie cliffs to open water within LMNRA provides peregrines with wide openimgint
areas with limited cover and escape options for prey. Through 2010, territories nea
water, even those in extremely dense concentrations (e.g., Boulder Cahyon =
territory/2.7 knf, and Black Canyon = 1 territory/11.8 Rmcontinue to reproduce
presumably at a rate sufficient for sustainability and likely continuedheiqra(1.9
young/breeding attempt). This indicates the population within LMNRA hasetot y
reached its upper limit. However, as the frequency and intensity of tetiibdei@actions
increase reproductive success may begin decreasing from interferenpitomand
possibly also increasing mortality rates, thus capping future populationhgrowt
Individuals residing at territories far from water experience highergy demands if
they forage for aquatic birds over permanent water. Long-distance izmis
increase time away from the eyrie, which then reduces parentaihchnest-defense
capabilities. Proportionately, these peregrines do not feed on aquatic birdgd¢atam
extent as those in territories near water, thus they must conduct more hustmgisitin
much smaller terrestrial birds to make up dietary demands. Although | wasentd a

guantify terrestrial prey availability, birds living in open desert scrulngmily small
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passerines and Galliformes) tend to exist in much lower density and biomzsstae
landscape than aquatic and terrestrial birds concentrated around a wate(Searo
and Jakle 1985). Presumably peregrines nesting away from water must rely om a mu
larger foraging area in order to meet their nutritional needs.

Prey Considerations

Assessing diet is not always straightforward, and each method of evaluatiorg ra
dietary composition has its advantages and disadvantages (Collopy 1983, Mersmann et
al. 1992, Marchesi and Pedrini 2002, Ellis et al. 2002). Ellis et al. (2002) found that the
collection of peregrine prey remains tends to overestimate rare prey,derdepresent
common prey, since many items are plucked before delivery to the eyrie emaneed
prior to collection. Feathers of small birds also do not remain in eyries as lorangs
larger prey items because feathers are fewer in number and smaller thuszgiasing
prey collection results towards larger avian prey types (Oro and Tella 19¢%). P
observations have often been cited as the least biased approach to evaluatingtdiet, but
is a very time consuming method (Mersmann et al. 1992) and in particular can create
identification problems for small prey.

When comparing my observations of prey attempts with prey collection, | found the
two methods possessed separate strong and weak points, while yieldingtseatin
respect to categorical prey composition. Compiling prey observations throughout the
breeding season was far more time consuming in comparison with singleovesjytses
after the breeding season to collect prey remains. However, observatiahbeoul
conducted opportunistically during standard surveys and they allowed prey to bedissess

temporally. In most cases (except occasionally at plucking perches)nibtvasssible to
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evaluate shifts in diet composition throughout the breeding season; however, prey
collection allowed for much more accurate identification of prey items. @olyf 217
(0.9%) of collected items could not be identified below the level of Order, while 73 of
220 attempts (33.2%) and 24 of 58 (41.4%) of successful attempts were thus limited.
Primarily the distances (up to 600 m or more) at which attempts were observéstiresul
in imperfect identification, especially a problem with small prey itegen so, prey
observations allowed for an assessment of hunting success and the documentation of very
small and large prey items that were likely to be consumed away from tbe Ajile
prey collection likely missed a sizable proportion of small prey (manysswiftallows,
and bats were consumed on the wing immediately after capture), it allowtee for
documentation of many small and uncommon items in which at least one identifiable
feather was collected from a site (e.g., many small passerines and relspr&irierican
KestrelFalco sparveriusLesser NighthawkChordeiles acutipennj®tc.), and
occasionally from very large species as well (i.e., Double-crested Carimora
Phalacrocorax auritusand Common Raven). Considering these strengths and
weaknesses, the two methods complemented each other well to provide a more accurat
measure of species impacted by hunting peregrines.

Within LMNRA, it appears that peregrines may select prey at leasy pated on
overall abundance and availability. The observed proportion of attempts on aquatic birds
(Fig. 2.8), as well as the calculated mean prey mass by month (Fig. 2.9), shiaw si
trends as aquatic bird abundance tallied on lakes Mead and Mohave (Fig. 2.7). Aquatic
birds were shown to decrease nearly 95% in the first half of the year, while thei

proportional composition in prey attempts dropped over 83% from January-March and
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mean monthly prey weight dropped almost 70% by April. The proportional drop in
aquatic bird prey composition in March predates the local drop in aquatic bird abundance,
but corresponds with a predicable major increase in northbound passerine migtatts at
time. These analyses, however, remain incomplete, and how these patterns plé&y out wi
regards to prey selection remains unknown. No abundance assessment of téirdstrial
within LMRNA (migration or resident) exists for comparison, and | was enabbbtain
enough prey data at individual territories to determine if individual birds pneiie
selected certain prey types over others, regardless of availability. Ndralbke to

evaluate potential prey composition, abundance, or vulnerability within proximity to
individual peregrine eyries or at primary foraging areas within indivigeigegrine home
ranges.

Synchronization of hatching dates of peregrines with the hatching dates of their
primary prey species has been documented in a breeding population of peregrines in
northern Alaska (White and Cade 1971). In opposition to this pattern, hatching and
rearing of peregrine young at LMNRA occurs after a major portion oftiduoieds and
shorebirds have departed (Fig. 2.7). Shorebirds, waterfowl and coots, gulls,ntdrns, a
wading birds predictably are present on lakes Mead and Mohave in large numbers
throughout the fall and winter months, and account for 77.1% of the total prey biomass
and 36.6% of all individual prey items. These birds are available in abundance from
January-March (peregrine courtship and pre-laying stages), which is atantgariod
for female peregrines as they develop eggs (a clutch of 4 eggs can equakahih ast
the female’s body weight), but also for males who must expend great amountgygf ene

foraging for the female and nestlings. The caloric intake of females &itikisias been
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shown to influence the number of eggs laid and date of laying (Newton 1979). However,
the abundance of aquatic birds on the lakes drops precipitously by May (Lake Mead =
40.1% decrease, Lake Mohave and Black Canyon = 91.1% decrease) as migratory
species leave for breeding grounds. This appears to be a critical timb|ypiesmost
limiting to peregrine breeding success at LMNRA, as the adults must farageung in
addition to themselves at a time of decreasing prey abundance. Adequate £sfimate
resident and breeding terrestrial bird numbers are lacking at LMIN&&ever, the size
disparity between these types of birds (mean weight = 473.9 g vs. mean teaedtrial
riparian bird weight = 90 g) indicates peregrines must compensate withmuaayprey
captures per day as their diet shifts primarily from aquatic birds &staal or riparian
birds. Indeed, the estimated food intake for a single nestling from hatchieddgfi is
nearly 35% greater than that required of an adult over the same period (Weir 1978).
Agonistic Interactions

Agonistic interactions with peregrines, as in many other animals, is amschby
which territories are establish and defended, including foraging areaso{iN£979,
Ratcliffe 1993). These interactions can be expressed on an intra- or intezdpeelf
and can involve communicative (vocal and behavioral) and physical interactions, Many
if not most, agonistic interactions are resolved without contact, thus limigngsk to
both parties involved. My treatment of the topic is reserved for the more serious
interactions involving chasing, diving, or grappling with other individuals. The number,
intensity, and change over time of such interactions with the same, or othexs spaeci
be informative as to the degree of competition for resources (e.g., negteitdsng and

roosting sites, foraging areas and prey), or predation risk, between individus¢giess
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In particular, agonistic interactions are generally more intengeebatmore closely
related species and those with high ecological overlap (Porter and White 1973).

Intraspecific Interactions While an available prey-base regulates the maximum

number of peregrines that can be supported in a given area, the realizable density of
population is limited by territoriality (Cade 1960). If the number of avkalabst sites
has become limited, it will be expected that the number of interspeatioupters near
eyrie sites will increase. Indeed, | recorded an increase of éigonisractions between
peregrines during the years 2006-2009 (Table 2.14). Notably, the number of ioesracti
in 2008 and 2009 were more than three times greater than the number observed in the
previous two years. | observed fewer interactions in 2010, but the number of observation
hours was just 41% of that in 2009 and the focus of survey effort was streamlined to
primarily determine occupancy and breeding data. My number of yearlyydwues
varied each year; however, the average interval of time between intesantR00D9 was
just under 23% of that observed in 2006 (Table 2.14).

Although many of the intraspecific interactions | observed did not escalaiaay
chase, consequences can be severe when interactions lead to direct piysical ¢
Four of the observed interactions progressed to grappling, becoming very violent and
prolonged and easily may have resulted in injury to the combatants. Two interactions
near an eyrie site involved females and lasted over 30 min, with intense grapplmyg, biti
and several falls of 6-30 m from cliff ledges. The resident male becawieadvn one
of these fights and was engaged with the interloping femake I6rmin while the

resident female patrolled in front of the eyrie.
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Interspecific Interactions | observed interspecific agonistic interactions between

several species and peregrines, from rare interactions with coateis (atran$ and
Great Blue HeronsArdea herodiasto much more frequent encounters with Common
Ravens, Turkey VultureCathartes aurg and Red-tailed Hawks (Table 2.15).
Indicative of their highly aggressive and territorial nature, | only obsersesypnes
forced to retreat or break off hostilities on two occasions (once with a ferogteehkh
Harrier,Circus cyaneusand once with a nest-building male Bald Eablaliaeetus
leucocephalus | was often not able to determine the causal factor at the onset of
aggressive interactions; however, 22 of the 113 interspecific interactions weregus
to, or just following, peregrine prey interactions, food delivery by either spaemieither
species provisioning young in the nest. Specifically, interactions with ravests m
commonly involved food or tending to nests by one or both species (12 of 24
interactions).

While competition for food and nesting sites with other species may be contributing
factors to peregrines’ spatial pattern of dispersion within LMNRA (Partd White
1973, Newton 1979, Ratcliffe 1993), it is difficult to separate interspecificceatity
from pressure exerted in predation and predator defense interactions (Veéhi2002).
The observed distance at which breeding peregrines tolerated interspesiiing of
potential competitors or predators varied widely (Table 2.16). All of these seeie
cliff-nesters in this region (as are Golden Eagles, and Great HorneB0bds
virginianus but with no nesting data to compare), and potentially come into competition
for nest-sites with peregrines, although several authors indicate vagyalg bf

microhabitat preference and tolerance levels (White and Cade 1971, Porter amd Whit
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1973, Newton 1979). The observed minimum distances the birds nest to one another
appears to correlate to some degree with how closely the specidatae re
phylogenetically, with the exception of Red-tailed Hawks and Bald E&glenk and
Saur-Girth 2004). The degree of dietary overlap strongly shapes the ecalatjieadf
birds (Newton 1998), and the degree of diet overlap with these species and peregrines
also seems to be somewhat inversely correlated with observed inter-teestatis More
research is needed to resolve interspecific interactions on an ecologatahtevever,
these species do seem to impact peregrines’ use of time and energy anghatay im
breeding success and spatial distribution (more time spent driving awaytitorape
translates to less time available for foraging and tending to young).

Although commonly overlapping in breeding areas, Common Ravens are frequently
observed conflicting with resident peregrines, and nesting on the samadadithy the
two species has been shown to depress peregrine breeding success andiproducti
(Ratcliffe 1993, Brambilla et al. 2004). Regardless, there was a wide rarujerahte
levels between peregrines and ravens at LMNRA. The two species nestesisgully in
close proximity to one another on several occasions (Table 2.16), sometimesamndhe s
nesting cliff, and without observed hostility in several situations. Howeverpat tw
territories intense and persistent aggression of peregrines (maitlg bgdlt male late
in the raven nesting cycle) on the ravens may have contributed to the ravens abandoning
their nesting area the following year. | also observed an unsuccessfudisstyr
attempt by a pair of ravens on a peregrine eyrie in which the female peregrine ha

recently departed with prey and the male was left behind to incubate. Additidnal
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collected remains of two late-stage nestling, or recently fledged, rasgrexegrine prey
in an eyrie and on a nearby plucking perch.

At least four interactions with both Red-tailed Hawks and Turkey Vulturesesetm
be driven mainly by defense of newly acquired prey on the part of peregrines; however
interactions during most other occasions, and with other species, seemed to be mainly
territorial in nature, or preemptive defense of nestlings. InteractidhRed-tailed
Hawks were generally brief, but became very intense at times, with ipexegr
occasionally making contact on aggressive dives and driving red-tails to the ground on
several occasions. This could possibly impact the breeding success ofpathes, out
all of the nearby nesting attempts that | documented ended successfullyhfordexding
pairs N = 9).

Notably in 2009, intense interactions during the peregrine courtship stage with a
newly resident male Bald Eagle resulted in the pair of peregrinestielptheir eyrie
roughly 650 m away from the eagle nest. Even so, the peregrines still succeasetly
young that year at an eyrie 860 m from the eagle nest. The eagle acquitedizema
following year and raised a nestling almost to fledging (likely dfiam exposure to
exceptionally high temperatures), while the peregrines successfgliy faiur young in a
new eyrie 590 m away.

Breeding Prairie and Peregrine Falcons have been shown to impact one another when
breeding areas overlap with mixed results, but peregrines have been shown te displa
Prairie Falcons in several instances, especially near water (Rod&hite 1973). In
central Alberta, Prairie Falcons were found to be limited by competition wigyipees

for nest sites, not by prey availability (Dekker and Corrigan 2006). Although thought to
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be much more common historically (Ross Haley NPS, pers. comm.), | was onlyg able
locate two Prairie Falcon territories during my research; one of theapied for only a
single year (2006), while the other used the same eyrie four consecutiy ¢ A@5f-

2010) and produced young during at least three years. | did not observe interactions
between the two falcon species but the closest pair of peregrines to theFdanies

was 4.6 km away, even though much of the intervening area consisted of abundant
nesting cliffs seemingly suitable for either species. It seems paogsible that the
expanding population of peregrines at LMNRA may be impacting Prate®is locally.
Interestingly, on two occasions Prairie Falcons took to the ground and becametequiet af
| broadcasted a peregrine call in front of their eyrie cliff.

Temporal Variation- The seasonal variation of interactions seemed to be influenced

by the breeding cycle of the local peregrines, as well as that of the limgIgumecies.
Interactions between peregrines peaked in April, a time early enough in tdmbree
season when it is quite possible non-breeding floaters may take over a bretednpg at
and assume a permanent role as a breeding individual in the future (Ratcliffe 19@3, Whi
et al. 2002). This also corresponds with when peregrines are usually incubatitig or w
relatively young nestlings, and is a period in which young may be most vulnerable to
potential predators (Ratcliffe 1993).

The timing of interactions varied between species and, particularly withtdded
Hawks and Common Ravens, the peak number of interactions seemed to coincide with
the periods when each had late-stage nestlings or young were fledgiagrirfes
usually being the aggressors, these interactions likely were a resudtedsed activity at

nearby nests as parents were provisioning growing young. InteractibnBaldt Eagles

75



were highest in January and February, a time in which many wintering eagl&dl in
the area. Also, this was when the single resident pair of Bald Eagles wouldtbe mos
likely to encounter the neighboring pair of peregrines while engaged in frequeshgqourt
displays. | did not document any Turkey Vulture nesting areas, but these birdg usuall
began migrating back into the area by March. Observations of copulation events and the
presence of juveniles in the summer months indicate Turkey Vultures likely bitbed w
LMNRA which may bring them into conflict with peregrines as they foragedd their
young.
Future Direction

As an apex predator, peregrines remain vulnerable to bioaccumulation of persistent
environmental contaminants and have proven to be an indicator of contamination within
regional ecosystems (Mora et al. 2002, Elliot et al. 2005). Many of the petsganic
pollutants that contributed so greatly to the drastic population declines of pesdagrin
the mid-1900s (e.qg., chlorinated hydrocarbon insecticides and polychlorinated biphenyls
have been banned in the U.S., however many new chemicals are introduced each year in
addition to thousands of commercial chemicals currently in use (Henny et al. 2009).
Lakes Mead and Mohave are downstream repositories for urban and industeal wast
waters from the Las Vegas Valley, as well as from expanding resigdantibagricultural
areas along the Virgin and Muddy river drainages. Aquatic and shorelitsesiog
particularly susceptible to absorbing, and potentially biomagnifyingnamber of the
many potentially harmful compounds present in the aquatic system. The high aquatic

bird prey composition in peregrine diets documented in this study indicates tleasther
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an ongoing need to monitor this resident population as an indicator of environmental
health and emerging water quality issues (Henny and Elliot 2007) within the park
Historically, monitoring within the park has been very important in establisheng
high long-term occupancy rates, as well as steadily adding to the mimonuiver of
known territories. This has provided a framework from which the more comprehensive
research described herein was based. It is not yet known whether the curiest olum
territories accurately represents the true local breeding populatianwbiat degree
emigration and natal dispersal impact population size, much less whether outside
immigration (possibly from the Grand Canyon) plays a significant role. Asidgethese
guestions will require a more hands-on approach than what was possible in my study.
My study provides a valuable population and ecological baseline from which to guide

future research for years to come.
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Figure2.1. Occupied Peregrine Falcon territories (red dots) within Lake Meadnddti
Recreation Area in 2010. An occupied territory was defined as a site contaihing
territorial peregrine present during a portion of the breeding season.
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Figure2.2. Occu'pie_d Péregrine Flcon territories in 2008 (red dots) and survey locations

(green triangles) for rapid exploratory site-assessments in early 2D8ReaMead
National Recreation Area. An occupied territory was defined as a sitergngtail
territorial peregrine present during a portion of the breeding season.
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Figure 2.3. Example of rapid site-assessment survey locations based on a draft

predictive habitat model in an area of Black Canyon, Lake Mead NationadReor

Area. Survey points are indicated by green triangles. The draft prediabitat model

was generated using known eyrie locations prior to 2009 and was based predominately on
slope and solar radiation variables. Red predicts areas of high suitabilitglkvad y

depicts areas of highest predicted suitability for breeding locations.
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Figure 2.4. Distribution of the aspect of Peregrine Falcon eyries by categoricdiiairec
at Lake Mead National Recreation Aréd< 64). Aspect is divided into 45° incremental
units. Verticle numbers (0-20) indicate number of eyries, and the point of intef seet

polygon on each spoke signifies the number of eyries oriented within each category.
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Figure 2.5. Distribution of the aspect of random points selected around of Peregrine
Falcon eyries by categorical direction at Lake Mead National Remmefatea (N = 600).

Points were restricted to cliffs with42° slope and within a 300 m buffer surrounding all
known peregrine eyries. Aspect is divided into 45° incremental units. Verticle numbers
(0-120) indicate number of points, and the point of intersect of the polygon on each spoke
signifies the number of points oriented within each category.
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Figure 2.6. Spatial distribution of Peregrine Falcon eyries within Boulder Canyon at
Lake Mead National Recreation Area. Red dots indicate 2010 eyrie locations and blue
circles are 0.9 km buffers representing approximate local territory(saias of half the
local NND).
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Figure 2.7. Peregrine Falcon breeding season and aquatic bird abundances recorded at
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Lake Mead National Recreation Area. Aquatic birds include waterfowl (Anisees,
Rallidae), diving birds (Gaviiformes, Podicipediformes, Pelecaniformiesdebirds
(Charadriiformes), and aerialists (Laridae, Sternidae). Datactadleluring a five-year
monthly inventory and monitoring project on lakes Mead and Mohave (2004-2008).
Survey sites focused on areas of high importance to aquatic birds. Monitored sites

located on Lake Mead (2004-2008; 3 sites), Lake Mohave (2004-2007; 3sites), and along
the Black Canyon corridor and Lake Mohave (2008). Blue ovals above indicate average

duration of each of the peregrine breeding season stages (2006-2010).
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Figure 2.8. Categorical proportion of prey composition by month of Peregrine Falcons
at Lake Mead National Recreation Area (aquatic and terrestrial bDdsq compiled

from number of individually observed prey attempts that were identified to categor
(2004-2010). Aquatic birddN(= 75) include all waterfowl, diving birds, shorebirds,
waders, and riparian obligates. Terrestrial bitds (L11) includes all birds that are
regularly found away from water, includes most species of Passeriformes
Apodiformes,Falconiformes, and Galliformes.
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Figure2.9. Mean mass of prey by month of Peregrine Falcons at Lake Mead National
Recreation ArealN = 220). Data compiled from number of individually observed prey
attempts that were identified to category (2004-2010). Data from prey attempt
observations were compiled during peregrine surveys, aquatic bird count observations,
and incidental observations.
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Figure 2.10. Spatial distribution of Peregrine Falcon eyries within Black Canyonlka Mead National Recreation Area. (A) Blue
dots are approximate eyrie locations (1991) and blue circles are 3.6 km buffesengipg approximate local territory sizes (radius of
half the local NND in 1991). (B) Blue dots are historical eyrie locations (1991 vedldots indicate 2010 eyrie locations and blue
circles are 2.0 km buffers representing approximate local territory(saias of half the local NND in 2010).
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Table2.1. Number of known occupied Peregrine Falcon territories within Lake Mead
National Recreation Area (1985-2010). An occupied territory was defined as a site
containing> 1 territorial peregrine present during a portion of the breeding season.

Territories on or  Territories on or LMNRA Total

Date near Lake Mead near Lake Mohave Occupied Territories
198% 1 0 1
1986 1 0 2
1987% 1 0 1
1988 1 2 3
198% 1 3 4
1990* 1 3 4
1991* 1 3 4
1992 1 4 5
1993 1 5 6
1994 1 4 5
1995** 2 5 7
1996 3 5 8
1997 2 5 7
1998 4 4 8
1999 4 4 8
2000 5 4 9
2001 5 4 9
2002 5 3 8
2003+ 7 6 13
2004+ 7 7 14
2005+ 9 5 14
2006 14 6 20
2007 16 9 25
2008 19 9 28
2009 21 11 32
2010 21 12 33

§ Monitoring conducted exclusively by NDOW.

* Includes territories identified in AGFD research.

** Includes territories verified by AGFD.

+ Includes Burro Wash surveys conducted by NDOW.
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Table 2.2. Summary of survey efforts for Peregrine Falcons within Lake MeadmN#ti
Recreation Area throughout the 2004-2010 breeding seasons. Survey effort reflects
surveys conducted by NPS and UNLV personnel only.

2004 2005 2006 2007 2008 2009 2010
Total no. of 49 118 146 247 376 183
surveys

Total sites 15 30 39 49 139 41
surveyed

Exploratory 2 32 36 26 132 6
surveys

Exploratory sites 2 10 14 17 21 111 8
Occupied 14 20 25 28 32 33
territories

Survey hours 218 257 1924 2278 3083 2606 107.8

Table2.3. Variation in laying and fledging dates of Peregrine Falcons withie Mead
National Recreation Area (2006-2010). Dates have been calculated byiagtimat
nestling ages from a photographic guide, using published averages for duration of
breeding stages (i.e., 7 days laying, 31 days incubation, 42 days nestlingymhairaet
estimated laying and fledging datds.is the number of eyries used for estimation.

Laying Date Fledging Date
Year N Earliest Mean N Earliest Mean
2006 12 17 March 6 April 12 5 June 25 June
2007 8 21 March 31 March 7 9 June 21 June
2008 17 12 March 29 March 16 29 May 17 June
2009 22 8 March 28 March 20 27 May 14 June
2010 24 9 March 27 March 24 28 May 15 June
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Table2.4. Summary of Peregrine Falcon territory density within Lake Meacdhati
Recreation Area (2006-2010). An occupied territory was defined as a sitenocagital
territorial peregrine present during a portion of the breeding season.

Category 2006 2007 2008 2009 2010
Total occupied

territories 20 25 28 32 33
Mean NND (m) 6781 6645 6277 6298 6434

Median NND (m) 4332 4930 4065 4577 4585
Minimum NND (m) 1640 1640 1509 1211 1522

90



Table2.5. Summary of Peregrine Falcon productivity at Lake Mead National Remne
Area (2006-2010). An occupied territory was defined as a site contairdingrritorial
peregrine present during a portion of the breeding season. A breeding attempt wa
designated for a territorial pair when copulation, prolonged courtship, or evidence of
reproduction was observed (i.e., incubation posture, nestlings or fledglings prdskst, a
delivering prey to the nest). Only those breeding attempts detected imyh&tages of
the reproductive cycle (i.e., courtship or incubation) have been included. A sutccessf
breeding pair was defined as having produced at least one offs2ihdays old, and a
successful young was any nestling or fledgtin2g days old.

Categories 2006 2007 2008 2009 2010 Totalg
Occupied territories 20 25 28 32 33 138
Breeding attempts 15* 13 24 28 29 102
Successful attempts 13* 8 16 20 22 72
Breeding success rate (%) 75.0 61.5 66.7 71.4 75.9 70.6
Successful young/occupied 1.73 1.28
territory 1.05* 0.84 1.29 1.72

Successful young/breeding 1.97 1.74
attempt 1.00 1.62 1.50 1.96

Successful young/successful 2.59 2.46
attempt 1.62* 2.63 2.25 2.75

Total successful young detected 21* 21 36 55 57 177
Total adults detected 34 46 55 61 65 NA

8 Total calculations only include breeding attempts discovered early in #udirige
season.

*Includes results from 7 breeding attempts discovered late in the bressdiagn,
resulting in 13 successful young.
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Table2.6. Effects of nearest neighbor distance and distance to permanent water on
Peregrine Falcon reproductive success at Lake Mead National Recvsaga (2008-
2010). Output from general linear models with binomial error for reproductivessucce
Each variable and year was analyzed alone.

Effect Year df F P

Nearest neighbor distance 2008 1,23 0.02 0.893
2009 1,26 1.02 0.322
2010 1,29 0.22 0.64

Distance to permanent water 2008 1,20 253 0.127
2009 1,25 1.42 0.245
2010 1,22 0.00 0.988

Table2.7. Effects of nearest neighbor distance and distance to permanent water on
Peregrine Falcon productivity at Lake Mead National Recreation Are&-2WID).
Output from general linear models with multinomial error for productivitgr@ductive
output). Each variable and year was analyzed alone.

Effect Year df F P

Nearest neighbor distance 2008 1,19 0.13 0.727
2009 1,22 1.30 0.267
2010 1,26 0.04 0.842

Distance to permanent water 2008 1,17 3.40 0.083
2009 1,22 224 0.148
2010 1,19 0.10 0.759
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Table 2.8. Reproductive success by distance to water of Peregrine Falcon territories
within Lake Mead National Recreation Area (2005-2010). Only those territaities w
eyrie location pinpointed are included. Distance to water was analyzedraztygo

(near < 640 m; far 640 m), and indicates distance of eyrie to nearest major source of
permanent surface water (i.e., Lake Mead, Lake Mohave, Colorado River).

Distance to Water

Reproductive Effort Overall Near Far
Breeding attempts 93 66 27
Successful attempts 72 56 16
Success rate (%) 77.4 84.8 59.3
Young/attempt 1.87 2.23 1.0
Young/successful attempt 2.42 2.63 1.69
Total young 174 147 27

Table2.9. Reproductive success by relative density of Peregrine Falcon territories
within Lake Mead National Recreation Area (2008-2010). High density teestare
those with a nearest neighbor (NND) distance of <5 km, low density with NBIkm.

Relative Density

Reproductive Effort Overall High Low
Occupied territories 93 54 39
Breeding attempts 81 48 33
Successful attempts 58 36 22
Success rate (%) 71.6 75 66.7
Young/attempt 1.83 1.9 1.73
Young/successful attempt 2.55 2.53 2.59
Total young 148 91 57
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Table 2.10. Summary of monthly survey results at five Peregrine Falcon tersitatrieake Mead National Recreation Area during
the 2008-2009 nonbreeding season (August—January). Results indicate peregrine prddmettavaoral observations.

Territory August September| October November December  Januaty
Engine Beach 39, TD, |J4,E U, PA*3 J3,PAE, V| ¢, E 3, E
E,V
Grebe Bay 32, TA, | 49, PA*3, | JE Unoccupied| Unoccupie | Unoccupie
PAE,V |E,V (2 surveys) | d d
Promontory Point | &, TD, E, | U, E, V 39, TD,E |82, TD,E, |89, E,V |J9,C,
\% \Y TA*2, E
Chalk Cliffs JO,TA, |39, PA*2, | 3%, PA*2, | 3%, TA*2, |39, E,V |J,PA*3,
PA*2, E E,V FS,V,E PA, E,V TD*2, E
South Basin Cove | @, PA, E | Unoccupied 4%, TA*2, | 49, E 39, E 32,C,E
PA, E

4Q = pair;d = single malef = singe female; U = unknown peregrine; C = courtship; TD = territorial displdgfense; TA =
tandem prey attempt; PA = single adult prey attempt; FS = food sharing;rehege 100 m from eyrie; V = vocalizing
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Table 2.11. Predominant prey items of Peregrine Falcons at Lake Mead National
Recreation Area, determined by prey attempt observatidr2@0). Percentage of
successful attempts calculated from the number of successful attempth qmesatype
divided by the total successful attempts, and only including those attempts obsemved fr
start to finish. Mean mass is the average mass of prey items within eatypegrey
Biomass calculated by mean mass of prey item multiplied by successfpts.

Number Successful Mean Mass Biomass

Prey type Attempts (%) (9) (%)
Columbidae spp. 22 8.6 194 16.2
American Coot 19 0 642 0
Shorebirds & waders 19 6.9 181 4.0
Icteridae spp. 16 10.3 71 20.5
Swift/swallow spp. 16 15.5 22 4.0
Eared Grebe 13 3.4 292 13.4
Anatidae spp. 12 3.4 790 20.8
% of Total 53.2 48.1 NA 78.9

Table 2.12. Predominant prey items of Peregrine Falcons at Lake Mead National
Recreation Area, determined by prey remains collected at eyries akehglperchesN
=217). Mean mass is the average mass of prey items within each prey typessBioma
calculated by mean mass of prey item multiplied by successful attempts

Number Mean Mass Biomass

Prey typé Individuals (9) (%)
Columbidae spp. 46 194 12.6
Eared Grebe 30 292 18.8
Icteridae spp. 23 71 4.6
Shorebirds & waders 22 181 9.4
Swift/swallow spp. 12 22 0.6
Gull/tern spp. 12 388 12.3
American Coot 11 642 15.2
% of Total 71.8 NA 73.5

* Prey remains identified by N. John Schmitt.
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Table 2.13. Comparison of prey composition by distance to water at Peregrine Falcon
territories within Lake Mead National Recreation Area (2004-2010). Distangater

was analyzed categorically (near < 640 m>f&10 m), and indicates distance of eyrie to
nearest major source of permanent surface water (i.e., Lake Mead, balwd\l

Colorado River).

Distance to Water

Prey Composition Near Far
Prey Attempt Observations

Number of attempts 127 41
Proportion aquatic birds 0.47 0.17
Mean prey weight (Q) 231.3 74.4
Prey Remains Collection

Number of items 169 44
Proportion aquatic birds 0.46 0.43
Mean prey weight (Q) 228.9 147.4
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Table2.14. Summary of observed intraspecific agonistic interactions with Peeegri

Falcons at Lake Mead National Recreation Area (2006-2010). The numbers of ésrritori
are only those territories within the study area that were occupied bgrritorial

peregrine. Observation hours are the total number of survey hours conducted during each
peregrine breeding season.

2006 2007 2008 2009 2010

No. Territories 20 25 28 32 33
No. Interaction 1 3 8 6 2
Observation hours 192.4 227.8 308.3 260.6 107.8

Mean interval between 192.4 75.9 38.5 43.4 53.9
interactions (hr)

Table2.15. Summary of agonistic interactions with Peregrine Falcons at Lake Nationa
Recreation Area (2004-2010). Only those interactions escalating to & Haste are
reported.

Total
Species Interactions
Red-tailed HawkButeo jamaicensis 39
Turkey Vulture Cathartes aura 25
Common RaverCorvus corax 24
Peregrine Falcorfalco peregrinus 20
Bald EagleHaliaeetus leucocephalis 12
Northern HarrierCircus cyaneus 3
Great Horned OwlIBubo virginianus 2
Great Blue HeronArdea herodias 2
Coyote Canis latrans 2
Osprey Pandion haliaetus 1
Cooper’s HawkAccipiter cooperii 1
Eagle/raptor Unid. 2
Total 133
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Table2.16. Summary of interspecific nesting attempts and distances to the nearest
Peregrine Falcon eyrie at Lake Mead National Recreation Area-@ildH. Nesting
attempts include all known occupied territories with active nest sites. Ontgstiag
attempts of cliff-nesting species near enough to influence neighboriegripes are
included. Reported species are restricted to the families Accipitridienitae, and
Corvidae.

Nesting Mean Minimum
Species attempts distance (m) distance (m)
Common RavenCorvus corax 10 274 50
Red-tailed HawkButeo jamaicensis 9 351 87
Prairie FalconFalco mexicanus 5 5823 4579
Bald EagleHaliaeetus leucocephalis 2 725 590

Table2.17. Summary of monthly agonistic interactions with Peregrine Falcons at Lake
Mead National Recreation Area (2004-2010). Reported interactions include all
intraspecific interactions, as well as and the four most commonly inteyagtecies.

Species Jan Feb Mar Apr May Jun
Peregrine Falcorralco peregrinus 2 5 9 1 3
Red-tailed HawkButeo jamaicensis 6 7 13 5 6
Turkey Vulture Cathartes aura 3 6 9 6
Common RaverCorvus corax 2 4 2 14

Bald EagleHaliaeetus leucocephalis 5 4 1 1

Total 5 14 20 31 29 15
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APPENDIX 1. Dispersion, by year, of known Peregrine Falcon occupied territories at
Lake Mead National Recreation Area. Red dots indicate occupied territahes v
peregrine present during a portion of the breeding season.
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APPENDIX 1 (continued). Dispersion, by year, of known Peregrine Falcon occupied
territories at Lake Mead National Recreation Area. Red dots indicaipiedderritories
with > 1 peregrine present during a portion of the breeding season.
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APPENDIX 2. Selected studies of Peregrine Falcon breeding populations.

Successful Successful Mean nearest
young/breeding young/successful Breeding Density neighbor
Location (years) attempt breeding pair  success rate (pair/knf) distance Reference
LMNRA (2006-10) 1.74 2.46 71% *1/122 6.3 km This study
Arizona (1976-85) 1.7 2.27 73% Ellis 1988
Utah (1984-85) 1.3 2.1 Enderson et al. 1988
Colorado (1984-85) 1.4 2.1 Enderson et al. 1988
Pennsylvania (1939-46) 1.3 2.3 80% Rice 1969
Northwest Territories 2.2 2.95 84% 1/50 Calef & Heard 1979
(1977)
Greenland (1981-85) 2.4 3.0 1/192 7.7 km Mattox & Seeger
1988
Southern Greenland 1.8 2.7 73% 1/240 Falk & Moller 1988
(1981-85)
Southern Alps (2002) 1.24 2.4 51.7% Brambilla et al. 2004
Southern Alps (2002-04) 1/69.9 5.4 Brambilla et al. 2005
+ 0.609 km
Northern Spain (1996) 1.45 2.23 65% Gainzarain et al. 2000
Northern Spain (1997) 1.44 2.12 68% Gainzarain et al. 2000
Grand Canyon, Arizona 1/16.3 White et al. 2002
(1988-89)
Britain (1945-61) 1/52.1 4.83 km Ratcliffe 1962

*This number represents the number of known occupied territories/available larid BMNRA (4025 k) as of the 2010 breeding
season. It likely does not account for an accurate density of the entire breelitation of peregrines within LMNRA, including
some areas not surveyed as of 2010, nor from peregrines in neighboring regions.
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APPENDIX 3. Frequency of prey taken by Peregrine Falcons within LaeelMational Recreation Area from 2004-2010.

remains and observations were identified to the lowest possible taxa.

Remains Observations
Prey Weight (g) Collected Biomass () Attempts  SucadssfBiomass (Q)
Canada Goos8ranta canadensis 1978 1
Mallard Anas platyrhynchos 1082 2
Cinnamon TealAnas cyanoptera 408 1 1 408
Teal spp.Anas discors/cyanoptera 386 3 1158 1
Northern ShovelerAnas clypeata 613 1
Green-winged TealAnas crecca 341 1 341 2
Ring-necked DuckAythya collaris 730 1
Merganser sppMergus serrator/merganser 1070 1 1070 1
Ruddy Duck Oxyura jamaicensis 499 1 1 499
Duck (Anatidae) spp. 1
Gambel's QuailCallipepla gambelii 166 4 664
Eared GrebePodiceps nigricollis 292 30 8760 13 2 584
Clark's/Western Grebé&echmophorus clarkii/occidentalis 1477 1
Double-crested CormorarRhalacrocorax auritus 1674 3 5022 3
Green HeronButorides virescens 212 1 212
White-faced IbisPlegadis chihi 622 1 622 1
American KestrelFalco sparverius 116 3 348
American CootFulica Americana 642 11 7062 19
Killdeer Charadrius vociferous 97 1 97 1
Black-necked StiltHimantopus mexicanus 161 5 805
American AvocetRecurvirostra Americana 316 2 632 1
Spotted SandpipeActitis macularius 40 1
Yellowlegs spp.Tringa melanoleuca/flavipes 126 1 126
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Long-billed Curlew Numenius americanus
Marbled Godwit Limosa fedoa
SanderlingCalidris alba

Least Sandpipefalidris minutilla

Sandpiper sppCalidris minutilla/mauri/alba
Dowitcher spp.Limnodromus scolopaceus/griseus
Red-necked Phalarop@halaropus lobatus
Red Phalaropdhalaropus fulicarius
Phalarope sppPhalaropus tricolor/lobatus/fulicarius
Shorebird (Charadriiformes) spp.

Ring-billed Gull Larus delawarensis

Gull spp. Larus delawarensis/californicus
Forster's TernSterna forsteri

Tern spp.Sterna hirundo/forsteri

Aquatic bird spp.

Rock PigeonColumba livia

Eurasian Collared-Dové&treptopelia decaocto
White-winged DoveZenaida asiatica
Mourning Dove Zenaida macroura

Dove (Columbidae) spp.

Lesser NighthawkChordeiles acutipennis
White-throated SwiftAeronautes saxatalis
Belted Kingfisher Megaceryle alcyon

Say's Phoebé&ayornis saya

Kingbird spp. Tyrannus verticalis/vociferans
Loggerhead Shrikd_anius ludovicianus
Common RavenCorvus corax

Horned Lark Eremophila alpestris

Northern Rough-winged Swallowtelgidopteryx serripennis

Cliff Swallow Petrochelidon pyrrhonota
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Swallow (Hirundinidae) spp.
Hirundinidae/Apodidae spp.

Cactus WrenCampylorhynchus brunneicapillus
Rock Wren Salpinctes obsoletus

Canyon WrenCatherpes mexicanus

Wren (Troglodytidae) spp.

Gnatcatcher unidentifiedPolioptila melanura/caerulea
Northern MockingbirdMimus polyglottos
Thrasher sppToxostoma lecontei/crissale
European StarlingSturnus vulgaris

Yellow Warbler Dendroica petechia
Oporornisspp.

Warbler (Parulidae) spp.

Green-tailed Towhedipilo chlorurus

Abert's TowheeMelozone aberti

Black-throated Sparrowhmphispiza bilineata
White-crowned Sparrowonotrichia leucophrys
Western TanagePiranga ludoviciana
Red-winged BlackbirdAgelaius phoeniceus
Western MeadowlarkSturnella neglecta

Yellow-headed BlackbirdXanthocephalus xanthocephalus

Brewer's BlackbirdEuphagus cyanocephalus
Blackbird (Icteridae) spp.

Great-tailed GrackleQuiscalus mexicanus
Brown-headed CowbirdVolothrus ater

Oriole spp. Icterus parisorum/bullockii

House FinchCarpodacus mexicanus

House SparrowPasser domesticus
Passeriformes spp.

Bird unidentified
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Bat spp. Chiroptera spp. 4 20 9 3 15
Desert spiny lizardSceloporus magister 1

Invertebrate unid. 1

Common carfCyprinus carpio 1

Prey unid. 1

Totals 217 46593 220 58 4353
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