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ABSTRACT

Evaluating $istanability of Endangeredpecies visSimulationt A Case
Study of theA t t w aPraieie Chicken(Tympanuchus cupido attwatgri
(December 2008)
Tulia I. DefexCuervg D.V.M, La Salle University;
M.A., La Salle University

Co-Chairs of Advisory Committee: DWilliam E. Grant
Dr. Roel R. Lopez

Once abundant in the Texasd Louisianaoastal prairie, currently the
At t wat er 6 s @Eynpanuchus cupgido attwlitgARC) is close to extinction.
Efforts to increase the size of ttemaining populationat theAttwater Prairie Chicken
National Wildlife Refuge (APCNWRandthe Galveston Bay Prairie Preserve (GBPP)
with releases of captiveearedindividuals are part of thAPC captive breeding
initiative. However,after a decade of yearly releastt® pgulatiors arenot reaching
viable sizes.

| analyzedpostrelease survival dataf individualsreleasd at the APCNWR
from 1996 to 2005 Results suggest that age at relearsgate of releasbad little
influenceon survival ofcaptivebreedAPC. At two weeks postelease, survival
estimates (SEyere 0.76 (0.03) for females and 0.82 (0.04) for maélpproximately

50% of the females and 33% of the males died within the first 60 daysgieste



Survivorshipduring the breeding seasehowed thamale sirvival (0.36) was higher
thanfemalesurvival (0.23). Survivorship from the median release date to beginning of
the breeding season was 52% for males and 39% for ferivdas. female survival was
155 days, while median survival was 94 days. Foemahan survival was 135 days
and he median was 81 days.

Resultsfrom a stochastisimulation modelwhich was developed based on the
survival analysis of APC on the APCNWR, confirmédt releasing individuals closer
to the beginning of the breeding seasoth sex ratio at releaged little effect on
population growth.Regardless of the numberiatlividualsreleasd annually
population sizes immediately prior to the release dates werd il % of the
population sizes immediately after the release datesurrent mortality ratessimulated
APC populatiors could notsustainthemselveven if reproductive parametesgre
increased tohe maximum rates reported fé&dPC, or to the maximum rates reported for
the closely relatereater prairie chickenBased on these results, thé®& mayface
extinctionwithin the next decadenlessconservation effortsucceedn increasing

reproductive success and greatly redgenortality rates
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CHAPTER |

INTRODUCTION

1.1 CONSERVATION EFFORTS

In many cases, severe declines in species abundance and distribution have
required thatonservatiorprojects apply drastic measures to increas@tbbability of
species survial. Thesemeasiresmay includeexsitu (= off-site) conservation, rolving
captive breeding, gene banks, zoos, and aquaria (Prima@Q@®), in-situ (= on-site)
conservationincluding the establishment and managememirotfected areas (Primack,
R.,200Q Soulé,1991). One of the most common componeatgonservation projects
involving captive breeding prograrase traslocationof individuals(Tenhumberg et al.,
2004).Translocations ardefinedasthe intentional release of individuals into the witd
establishyeestablish, or augment a population (Griffith et al., 1888/der et al., 1999;
Tenhumberg et al., 20P4and cannclude maement ofwild animalsamongnatural
populationsor into captive populationgcapture or collection)and / ormovement of
captive animals into wild populatior(seintroduction or releas€] enhumberg et al.,
2009).

The majority of recovery plans for endangered species in the United States have
identified re-introductions as part of specific tasks to recover species to a stage whe

they can belown listedfrom endangered to threatened or removed from threatened

This dissertation follows the styt# Ecological Modelling.



status (delisted) (Tear et al., 1993). However, only a small number of all attempts at
reintroductions in the United States have been successful (Beck et al., 1994;&arnhar
1999) Frequently, information that can enlighten the causes for failure of these projects
is not well documentedrailure to document procedures, monitor released animals (Beck
et al., 1994; Ostermann et al., 20Endpublish findingsin easilyaccessiblesources of
literature (Scott and Carpenter, 1987; Griffith et al., 1989; Beck et al., 1994; Sarrazin
and Barbault, 1996)n addition to political, social, and economic l@aéTear et al.,
1993) are common.

A successful reintroduction has beeffied as the establishment of a self
sustainable population (Griffith et al., 198deiman et al., 1994Ebenhard, 1995and
as indicated by the World Conservation Union (IUCN) in 1987, these efforts are aimed
at enhancing the loaggprm survival of a spmees in an ecosystem and maintaghand/or
restoing natural biodiversity. Foconservatiorefforts that include the release of
individuals, it is paramount to evaluate posiease factors to determine whether criteria
for success have been attain&thtley Price, 1991 In fact, the ultimate goal of a
species recovery plan is Ato restore the 1
sefsustaining components of their ecosystemo

Sincetranslocations arexpensive enterprisan terms of funds, time and human
involvement (Clark et al., 2002), it isiperativeto take into consideration multiple
factors that maximize the chanagssuccessRout et al., (2007), summarizedveral
keyfactors previouslydentfied that influencehe establishingpf selfsustaining

populatiors, including(1) the number of individuals released (Griffith et al., 1989;



Veltman et al., 1996; Wolf et al., 1996, 1998; Fisher and Lindenmayer, 2000; Matson et

al., 2004)(2) the habita quality of the release area (Griffith et al., 199®@lf et al.,

1996, 1998 (3) the duration of the translocation proje@Griffith et al., 1989, (4) the

location of the release area in relation to the historical range of the sfigcfash et

al., 1989; Wolf et al., 1996, 1998)5) the type of the source population usédiffith et

al., 1989; Wolf et al., 1996; Fisher and Lindenmayer, 20@) the diet and

reproductive traits of the speci@Sriffith et al., 1989; Wolf et al., 1996, 199&nd(7)

persistence or removal of the original cause of deckishér and Lindenmayer, 2000)
Indeed there has been tangible emphasis on the usienodationmodels to

determine the optimal number @leasedndividuals to reach the establishment of a

viable population\(Vorld Conservation UniariL987,1998; Tenhumberg et al., 2004)

and to evaluate the possible effect of alternative translocation strategies (Haig et al.,

1993; Lubow, 1996; Haight et al., 2000hus including some of thaforementioned

factors,| examinedhrough the use of a quantitative simulation model, several releases

strategies varying theumberof individuals releasedeproductive traits of the

endangered At t waand modtalitym@atesai ri e chi cken
1.2 ATTWATER G5 PRAIRIE CHICKEN

1.2.1 SPECIES BACKGROUND
Throughout North America, populations of endemic prairie grouse
(Tympanuchus spphave undergone large decreases in size since the edrg2iry

(Peterson et al., 1998; Silvy and Hagen, 2004). The strict habitateeguits of these



species, coupled with the rapid urbanization and the resulting habitat loss during the
latter half of the last century, have been identified as the main factors for these declines.
One of these species,thea t wat er 6 s (pynmmanuchusecupcldattwatere n

APC), a close relative ahe extinct Heatlmen (T. c. cupid® and the vulnerable Greater
prairie-chicken(T. c.pinnatug, is currently one of the most endangered species in the

United States (Lockwood et al., 2@&)5

1.2.2 BRIEF LIFE HISTORY

The APC is a nomigratorymediumsizedgrouse with a mean weight of 745
and 982 g for females and males, respectively (Lehmann, 1941; Peterson, 1994).
Generation time previously reported for prairie chickens is about 2 years (Bellinger e
al., 2003). APC are lekreeding species that use communal display areas known as
booming grounds. Booming grounds are crucial for their breeding (Hamerstrom et al.,
1957; Toepfer, 2003) and usually vanysize from @proximatelyoneeighthan acreo
several acres (Jurries, 1979 typical booming season starts in late January to early
February and ends by the third week in Mlaghmann 1941; Jurries 1979) Breeding
behavior is typically initiated with ntas gatheing and displaying at the booming
ground throughout the morning and afternaomttract females (Schwartz, 194B)ales
exhibit acharacteristibooming behavior which mainly consists of strong vocalizations,
snapping of their tails, and inflation of air saaad €males choose their matbased on
the malebs display ability. After mating,
mile of the booming gnand (Lehmann1941; Horckel1979, and in cases where the

first nest is unsuccessfalrenesting attempt will occur. Once the dtachatch, they



remain with the mother until brood breakup occurs at approximately 12 weeks of age

(Peterson and Silvy, 1996).

1.2.3 DISTRIBUTION AND ABUNDANCE

Historically, the APCinhabitedthe coastaprairies of Texas and Lagiana, with
estimated almdances reaching approximately 1 million indisadson an estimated 2.4
million hectares (haprior to European settlement (LehmatB41, Peterson1994;
Morrow et al., 2004; Silvy et al., 20p4owever, populations of APC hasgeeadily
declinedin numkerssince 193%eaching critical levelLehmann 1941, Peterson et al.
1998; Silvy et al.2004) APC decline ignainlydue to habitat lost and fragmentation
(Lawrence and Silvy198Q Morrow et al, 1996 Morrow et al, 2004 Silvy et al.,
2004) and t has been estimated that less than 1% of coastal prairie ecosystem remains
(Smeins et al., 1991). Asrasultof both rangewide depletion of habitat and critically
low numberson the populationghe APCwas one of the first species to be listed as
fedeally endangered under The Endangered Species Conservation Act pivh@86ts
numbers werapproximatelyl,070 individualghroughout its entire rangeéawrence
and Silvy, 1980; Morrow et al2004)

Currently, there are less théfty (50) free-ranghng individuals remainingn two
isolated population@-ig. 1.1)(Preisser and Yelin, 1999; Silvy et al., 1999; Morrow et

al., 2004)
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These individuals are kept at twoldlife reserves dedicated tbe APC
conservatiorand together they represeagproximate} > 0.2% of theAPC historical
habitat the Attwater Prairie Chicken National Wildlife Refuge (APCNR)Y located in
Colorado County witl10,538 aes,and (2) Galveston Bay Prairie Prege(GBPP) in
Galveston CountyTexaswith 2,303 acre¢Fig. 1.1) Neitherpopulationis self
sustainabl€Silvy et al., 1999and must be supplementedth yearly releases of
individualscurrentlybred atseven 7) breeding and research facilitid=ossil Rim
Wildlife Centerat Glen Rose, TXSea Word SaAntonio, Texas A&MUniversity at
CollegeStation, and the Abilene, Caldwell, Houston, and San Antonio Zéess et al.,

2005,U.S. Fish and Wildlife Service, 2007

1.2.4 RESEARCH STATUS

Previous studies on APC have focused on ecology and life history (Lehmann,
1941; Horlel, 1979; Jurries, 1979; Cogar, 1980; Horkel and Silvy, 1980), periodic
population surveys (Lehmann, 1941; Lehmann and Mauermann, 1963) habitat
management (Chamrad and Dodd, 1972; Kessler, 1978; Morrow, 1986; Morrow et al.,
1996), predator management (Lawce, 1982), parasites and infectious diseases
(Peterson, 2004nd references cited thereimjfluence of insects availability (Griffon et
al., 1997) breeding and release techniques (Watkins, 1971; Drake, 1994; Griffin, 1998;
Hess et al., 2005; Lockwoaal al., 2008), genetics (Ellsworth et al., 1994; Osterndorff,
1995; Stoley 2002), and the impact of stochastic precipitation events (Peterson and Silvy

1994, Morrow et al. 1996) on population dynamics, among many more.



Various early attempts to succksly maintain individuals in captivity were
ineffectual(Watkins, 1971; Lawrence and Silvy, 1980). However, efforts were re
initiated in 1992 when the remaining APC populations reached 456 birds (U. S. Fish and
Wildlife Service, 2007), and a assessmegnthe Captive Breeding Specialist Group of
the International Union for Conservation of Nature predicted extinction of the species by
2000if supplementation was natitiated (Seal, 1994)A pilot release program of
captivebred APC was achieved in 19850ckwood et al., 2004 U. S. Fish and
Wildlife Service, 200Y, and wer the last decade, intensenservation efforts have
supplementethetwo remainingfree-rangingAPC populations with captiveeared
individuals(Silvy et al., 1999Silvy et al., 2004Lockwood et al., 200%. Indeed, lhe
restoration program for Attwateros prairie

of released birds (Lockwood et al. 2@)5

1.3 RESEARCH OBJECTIVES
My dissertation research focuses on
(1) estimaing the efects of day of release (calendar day), age at release (age in
days since hatch), gender, and y@apostreleasesurvivalof penreared radio-
taggedAPC released othe APCNWR from 1996to 2005
(2) develojing a stochastic simulation model project poplation trends for the
APC onthe APCNWRbased orthe survivalestimates oObjective(1), and
(3) usng the modedeveloped in Objective (2p examine populatictevel
responses to hypothesized changes in rates of natural recruitment and mortality,

and b changes in the number of captieared birds released annually.



CHAPTER II

POST-RELEASE SURVIVAL OF CAPTIVE -REARED TYMPANUCHUS
CUPIDO ATTWATERY AT THE ATTWATER PRAIRIE CHICKEN

NATIONAL WILDLIFE REFUGE

2.1 INTRODUCTION

The At t wa ichecked Fympanuahug cupedo attwateAAPC), a close
relative of the extinct Heaten (T. c. cupid9, is one of the most endangered avian
species in North AmericaVild populations ofAPC once numbered nearly 1 million
individualson 2.4 million ha of coastal prairie in Texas and Louisiana (Lehpi&#i).
However, onversion to agriculture, overgrazing, and invasion of woody species, as well
as increased urbanization along the coastal plain, has extirpat®B@feom Louisiana
and drastically reduced populations in Texasimann 1941, Lawrence and Silvy
198Q Morrow et al, 1996 Morrow et al, 2004 Silvy et al, 2004). Populations APC
have declined steadily since 1935, and as a resuiR@was one of the first species
listed under The Endangered Species Conservation Act of 1966 (Morron2€0dl).
By 1967 APC numbers had decreased to approximately 1,070 individuals (U. S. Fish
and Wildlife Service2007), which stimulated the first efforts to supplement existing
wild APC populations through a captive breeding proghafatking 1971 Lawrence
and Silvy 1980).The lastfreee angi ng Att water éds popul ations

Prairie Chicken National Wildlife Refuge (APCNWR), located in eastern Colorado
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County, Texasand the Texas City Prairie Preserve (TCPP) in Galveston County, Texas
(Morrow et al, 2004 Silvy et al, 2004 Lockwood et al.2005). By 1992,

approximately 432 wildhAPC remained, at which time a captive breeding program was
again attempted to supplenteéhe remaining populations and preserve genetic variation
(Lockwood et al.2005). As part of theAPC recovery strategy, 7 breeding and

research facilities collectively havegaiuced >700 birds (through 200%twater Prairie
Chicken National WildlifeRefuge, unpublished dgtavhich have been releasedoath

areas. These releases are the main source of recruitment for both populations (Silvy et
al., 1999 Silvy et al, 2004).

Because longerm sustainability oAPC populations relies on the survivend
subsequent reproduction of pezared individuals (Lutz et all994 Peterson and Silyy
1996 Lockwood et al.200%), knowledge of potential factors causing variation in
survival is paramount to loAgerm population conservatioftJsing data fronthe
APCNWR for10 yeargfrom 1996to 2009 of radio-taggedAPC that werekept in
acclimation pens for approximately 14 dgy®r to releasgel evaluatedheir post
release survival examining the effects of day of release (calendar day), age at release
(age in days since hatch), gender, and yeéastimated survival of males and females
for several periods poselease for comparison with previous studies. Further, due to the
matingbehavior of the speciekgevaluated postelease survival from the mexdt release
date to the initiation of thereedingseason, and between breeding and im@eding

seasons.
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2.1.1 StuDY AREA
Data for this research has been collected bABENWR during a period of ten
years (1996 2005) and has not been analyzed preslyppu Therefugeis located in
eastern Colorado County, Texas, on the border of the Gulf Prairies and Marshes and Post
Oak Savannah ecoregions (Gqu879, andcurrently contains 10,538 ac (4,265 ha)
(U. S. Fish and Wildlife Servi¢007). The refuged mainly (71%) open midrass
prairie (Morrow et al.1996), which is maintained by an intensive program of prescribed
burning, controlled grazing, herbicide application, and seeding of native grasses,(Horkel

1979 Lockwood et al.2009%).

2.2 METHODS

| evaluated postelease survival of 562 (293 males and 269 femakgsiive
bredAPCreleased on the APCNWR from 1996 to 2005; excluding 19 individuals
because sex was unknovidata consisted of birds that were kept in acclimation pens at
the release sitlor approximately 14 days (range-20 days). Upon release, pen gates
were opened allowing individuals to leave freely. Food and water were provided outside
acclimation pens for approximately 30 days ped#tase. All released individuals were
equipped wth mortality-sensitive radio transmitters (<3% body mass) before placement
in acclimation pens, and were monitored daily after rel@dséorrow, APCNWR,
personal communication)Data on each individual included gender, date of hatching (19
April 1996 t020 May 2005), day of release (calendar day; 48 to 351), age at release (83
to 970 days), last day observalive, date foundandbird statusMortality date was

estimated as the midoint between last day observed alive and date found.



12

Survival and morality hazard of captivdred APC were estimateds a function
of age at release (in days), day of release (day of year), as well as within and between
genders and years using a Cox proportional hazard modeling approach implemented in
the program R (R Coreevelopment Tean2006) using packages Survival, Design, and
MASS (Venables and Riple2002 Lumley, 2003 Harrell, 2006). Data consisted of
both lefttruncated and right censored information, thidlowed standard survival
analysis assumptions dedxd by Pollock et 31(1989). | checked the proportionality
of hazards goodness of fit assumption by evaluating the scaled Schoenfeld residuals
(Grambsch and Therneal894 Venables and Ripley002). Based on the predicted
Cox model| estimated surval for each year of the study, and for comparison to
previous studies evaluated survival for males and females at 14 days, 28 days, and 60
days postelease.

In order to evaluate seasonal survival (breeding anebneeding seasons) in
At t wat serclbickeng] usadithe known fate design in program MARK (White and
Burnham 1999). | defined encounter occasions weekly, using 1 September as the initial
date individuals entered the survival datadethose 1 September each year for entry as
this rgpresented the median release dateémtivebredAPC with a 14 days
acclimation periogrerelease andeleased between 1996 and 2008efined the
breeding season from 1 Febry@week 5) to 31 May (week 22) aslinckwood et al.

2005, and the notbreeding season from 1 June (week 22) to 31 January (week 4).
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2.3 RESULTS

| found no evidence of an interaction between geantierividuals releasednd
year of release, thuscombined genders when evaluating year to year variation (Fig.
2.1). Using thel996 cohort (survival was high in 1996, Lockwood et200%) as the
baselinefor the ten years of thistudy (from 1996 to 2005gstimated hazard ratios
ranged from 0.31 (in 2004) to 3.42 (in 2000) (T&hlB. | found no evidence the
proportional haards assumptions for gendsrindividuals released } = 0OP. 00 2,
=0.962), age &t0.50)ednyentiysae of release (ddlendaBday) = 0. 0 3,
P =0.71), or across year)(. 0 3 O-@007;P >0.15) were violated. estimated
survival (SE) forreleased captivbredfemales durindghree (3)periods from G 14, 15
28, and 2B60 days after release as 0.76 (0.03), 0.70 (0.03), 0.58 (0.03), respectively,
whereas malpostreleasesurvival estimates were 0.82 (0.04), 0.77 (0.04), 0.67 (0.04),

respectively.



14

1.0 5
1996: Entry =205
1997 Entry =259
0.8 1 1998: Entry =251
1999; Eatry =228
2000 Entry =43
B —— 2001: Entry =240
% 0.6+ --- 2002: Eotry =219
ﬁg -+ 2003: Entry =223
by == 2004: Entry =252
= ——- 2005: Entry =237
4 0.4 1
[}
0.2+
0.0 -

T T T T T T T T T T T
40 160 280 400 520 540 760 830 1000 1120 1240

Diays smee rzlease

Figure 2.1.Estimatedyearly postrelease survival curves fozaptivebr e d At t wat er 6's
prairie chickens released on the Attwater Prairie Chicken National Wildlife Refuge from

1996 to 2005. Entry is defined as the first day of each year in which an individual was
released
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Table 2.1. Estimtesof mort al ity hazards (b), standard
hazard rati os ( ex pchibkens released onAhe tAttwater rairles pr ai r
Chicken National Wildlife Refuge betwe&897 and 2005; 1996 (a high survival year)

was used as the baseline for hazard rate estimation

Year b se(bexp(b
1997 0.48 0.36 1.16
1998 0.08 0.34 1.10
1999 0.99 0.30 2.70
2000 1.23 0.38 342
2001 0.39 0.29 1.48
2002 0.34 0.28 141
20083 -0.45 0.29 0.64
2004 -1.17 0.48 0.31

2005 0.70 0.31 2.01
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Mortality haza©.346)wds signéicardly helser tijab that of
males, with an associated hazard ratio for males of 0.70 (SE=0.10). Mortality hazard
was statistically signi ant f or bot h da0.0L4P<g®BHandof r el ea
age at ;+00008;p=<0.65), hdwever, the associated hazard ratios (1.01 and 1.00,
respectively) suggested these differences were of no biological significance.

Median release date wabout 1 September and showed little variation except
during 2000 (Fig. 2.2)Weekly survival during the breeding season slaghterhigh for
males (0.965, SE= 0.002) than for females (0.963, SE= 0.088)-breeding season
survival followed the same gatn, with male survival (0.969, SE=0.002) exceeding
female survival (0.958, SE= 0.00Based on weekly survival estimates, the likelihood
of females surviving the nebreeding season (1 Jito 31 Janary) was approximately
13% lower than that of male8.23 versus 0.3§Fig. 23A). Based on median release
date, 52% of the males would survive to the beginning of their first breeding season
while only 39% of the females would survive the same pdiay 2.38). The
likelihood of surviving theeriod ofthe breeding season (1 Felaryto 31 May) was

essentially the same for both males (0.50) and females (0.49).
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Figure 2.2. Medians (indated by boxes) and ranges for day of year of release and age
at release (in days) oftAt wa t e r-ahiskenp ondhie Attwater Prairie Chicken
National Wildlife Refuge from 1996 to 2005.
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2.4 DISCUSSION

Survival of APC steadily declined post release, and approximately 50% of the
females and 33% of the males died within the first 60 daysrptesise. Gendeapecific
differences in survival have been reported previously for other species of prairie grouse
(Hamerstrom and Hamerstroa973). As expected, survival 8PC showed
considerable yeatio-year variation duringhe study period19962005) At two weeks
postrelease, swival estimates (SEyere higher in pemearedAPC (0.76 (0.03) for
females and 0.82 (0.04) for malésan those reported for translocated birdsn wild
populationg0.64 (Lawrence and Silyyt987) and 0.737 (Lockwood et,&2005).
However, Lockwoodkt al, 2005 found higher survival estimates (SE) at two weeks
postrelease for peneared birds with a Xday acclimation period (0.961 (0.027)).
Results showed that survival during the first two weeks-pelsise was higher than
during the second twoeeks, indicating that, at least for peyared birds, the second
two weeks postelease is more critical.

| found little evidence that age at release or date of release influenced survival of
penrearedAt t wat e rclhickenpTheaearliest age atlease was 83 days and 75%
of releases occurred before birds had reached 210 days of age. However, age of release
frequently was tied to a minimal mass, typically 500g, thus age of release may be
confounded with one or several factors (e.g., physiologwmadiition) whichit was not
evaluated in this study.his analysis, tended to concur with results from Lockwood et

al., (2005) which indicated survival was not influenced by date of release.



20

Assuming that reproduction is initiated in February and egémobugh May
(Lockwood et al.200%) , survival esti mat -emsckensrmdst c at e
survive, on average, 5 months from the median release date (1 Septembe®) Fag. 2
reach the beginning of the breeding period (1 February). They thsinsorvive an
additional 24 months (FebruaryMay), depending on timing of breeding and nest
success, to produce offspring. Mean female survival was 155 days (about 5.5 months),
while median survival was 94 days. For males, mean survival was 135 days4&b
months) and the median was 81 daybe resultsof this studyare more optimistic that
Toepfer (1988:139vhichreported that 90% of released peared Greater prairie
chickens were dead within 90 days, and none survived longer than 120\taigs.
estimates of other production characteristics are available for wild and released pen
rear ed At t whackessr(Liutg et pl1994iPetérson and Silyy1996 Peterson
et al, 1998 Lockwood et al.2005), | amunaware of other estimates of éding
season survival or survival from release date to breeding season initiation (but see
Lockwood et al.2005 for estimates to 1 January).

Management of endangered species requires that conservation biologists
determine which factors contribute to iadion in life-history parameters and which of
those parameters most likely constrain populatiddisen theresults of this analysis,
concerns regarding effects of age at release and date of release on survivabafgoen
APC released on the APCNWReaunwarrantedbutresultsalsoindicatethat survival
steadilydeclinedafter release witfemale survival lower than male surviviy future

research includes using thegelings anddaily postrelease survival estimatés the

At
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endangered APC touild a stochastic simulation mod®&lpresentinghe population
dynamics of théAPC released at the APCNWRherefore, these results are a step
forward towards learning about the postkease dynamics affecting the captrear APC

and contribute to maximize neervation strategider recovery of the species
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CHAPTER IlI

PROJECTING POPULATION DYNAMICS OFTHEA T T WA T E RRARIE
CHICKEN: SIMULATING EFFECTS OF NATURAL RECRUITMENT,

MORTALITY, AND RELEASE OF CAPTIVE -REARED BIRDS

3.1 INTRODUCTION

The Attwate 6 s  Fhickein fympanuchus cupido attwateAPC) is one of
the three subspecies of prairie chickens currently existing in North America and it
represents the southernmost extension of the geyrmapanuchudjistorically existing in
the prairies of €xas and Louisiana where it reached 1 million individuals prior to
European settlement (Lehmann, 1941). The APC was one of the first species to be listed
under the Federal Endangered Species List (Lawrence and Silvy, 1980; Morrow et al.,
2004) when numbemsere reduced to 1,070 individuals in 1967. Its dramatic decline has
continued with approximately 99% of its suitable habitat lost mostly due to land
fragmentation, and destruction of its native habitat (Lehmann, 1941; Jurries, 1979;
Lawrence and Silvy, 18D; McKinney, 1996; Silvy et al., 2004). Only two isolated
populations remain at: (1) Attwater Prairie Chicken National Wildlife Refuge
(APCNWR), located in Colorado County, Texas and (2) Galveston Bay Prairie Preserve

(GBPP) in Galveston County, Texas (Maw et al., 2004; Silvy et al., 200dpckwood

et al., 2008). Intensive conservation efforts have supplemented these lasafrgiag



23

At twaterds prairie c hiearddedividpals gudrgthelasb ns wi t h
decade, yet the populations hanat reached seBustainable levels (Silvy et al., 1999).

The vulnerability of small populations and the lack of available time prevent
field experimentation with endangered species, so simulation models have proved to be
useful to project future dynansmf populations of threatened and endangered species
(Vos et al., 2001; Mooij and DeAngelis, 2003jmulation modelsave been used under
various assumptions regarding potential changes in demographic parameters (Peterson et
al., 1998; Lopez et al., 200Wisdom et al., 2000), and to estimate risk of population
extinction (Boyce, 1992; Krebs, 2001). A previous study simulated the relative
importance of three reproductive parameters on the APC population and found that an
increasing population could bergrated only if nesting success, brood survival, and
number of chicks per brood all increased to within 10 percent of the corresponding
values for the noendangered Greater prairie chickén €. pinnatus(Peterson et al.,
1998). However, in the absenokdemographic data for APC, it was assumed that APC
mortality rates were the same as those of the Greater prairie chicken (Peterson et al.,
1998). In addition, effects of population supplementation via the release of eaptive
reared birds, which currentlg the main source of new recruits into the population have
not been investigated.

In this chapter, | present a stochastic simulation model developed to project
popul ation tr ends -chicken attthlfABCNWR based onestidates pr a i r i
of naural mortality (Chapter Il). 1 first describe the model (Section 3.2), and then verify

its ability to simulate observed population trends at the APCNWR and to exhibit the
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expected sensitivities to changes in model parameters (Section 3.3). | thenmedehe
to examine populatictevel responses to hypothesized changes in rates of natural
recruitment and mortality, and to changes in the number of cajgtared birds released

annually (Section 3.4).

3.2 MODEL DESCRIPTION

3.2.1 OVERVIEW OF M ODEL STRUCTURE

The model is formulated as an aged sexstructured compartment modeldea
on difference equations (ot = 1 day), progr
Systems, 2001)

It consistof 2 submodels representing the dynamics of naturedigruited (Fig.
3.1A) and captiveeared released individuals (Fig. 3.1B). Each of fets sf state
variable equations (naturalhgcruited males, naturaliecruited females, captiveared
and released males, captreared and released females) take following general
form:

Nit+1= Nig+ (ned migi s * ad, fori=0 1)

Nit+1=Nit+ (ST mip T sp) * &, fori>0 (2)
where N; represents the number of individuals in age dlasghe beginning of timeg
ni: represents the number of individuals recruited into age icthgsng timet, m
represents the number of individuals in age cladging during timet, and g represents

the number of individuals surviving to age classl during timet.
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3.2.2 RECRUITMENT

Natural recruitment is calculated as:

ngs:= k1 + (1- k1) *k2) * (k3 /2) *NR; if day-of-year = 120 (3)

Ngat= 0 if dayof-y ear (4 120
where NR; represents the number of females in the population that have attained
reproductive age € 365), k1 represents the proportion of first nests that are successful,
k2 represents the proportion of second nests that aressfidogenesting success), and
k3 represents the number of chicks per brood prior to brood breakup (at 83 days of age)
(Fig. 3.1A). Individuals are recruited into the simulated population at an age of 83 days,
which is the approximate age of chicks atdatdreakup reported by Peterson and Silvy
(1996; these authors reported an age at brood breakup of approximately 12 weeks of
age). The baselines valueskaf k2, andk3 reported by Peterson and Silvy (1996) and
summarized in Peterson et al., (1998, Tdbleere 0.342, 0.241, and 4.3, respectively,
for At t wacthiekens and .49%, D.495, and 6.0 respectively, for greater prairie
chickens. Individuals are recruited as males or females depending on sét,r&te.

3.1).

Recruitment ofeleasedtaptivereared individuals into the population is
represented as a management variable, and depends on number of individuals released
(Kb), the dayof-year of their releasé§), and the proportion of females releaded) (

(Fig. 3.1B). Since agat-release does not affect survivorship (Chapter Il), all captive

reared individuals are released at one year ofiag865).
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Figure 3.1. Cormptualmodel of popul ation dynamics of t

prairie chickenppul at i on at the Attwateroés Prairie (
consisting of swmodels representing dynamics of naturaégruited (N) and captive

reared and released (R) individuals. Natural mortality (m) and survival (s) rates (k8i) are

age andsexspecific, but are the same for N and R. (A) Initial nesting success,

renesting success, number of chicks per brood prior to brood breakup, and sex ratio are
represented by kdk4, respectively, and n represents natural recruitment. (B) Number

relessed, dayof-year of release, and proportion of females released, are represented by

k571 k7, respectively, and nr represents recruitment of captiaeed birds. See text for
details
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3.2.3 NATURAL M ORTALITY

Natural mortality is calculated as:

mit = k8 * Nit (5)
wherek8; represents the proportion of individuals in age cidbat die during time. |
parameterize#8; separately for males and femakesed on results of the survival
anal ysi s f or -chickensmaathéd® CNONSR depcribad i Ghapter .
Mortality rates were treated as stochastic variables and were drawn from a normal
distribution created from the mean mortality rates and the associate standard deviation
for each age class

Survival from age classto age class+ 1 is calculated as:

St = Nit T mig. (6)

3.3 MODEL VERIFICATION

Before using the model, | verified that model behavior was consistent with
general observatiord APC population dynamics #te APCNWRduring the study
period (from 1996 2005), and with results of survival analyses based on data collected
on the Refuge, over the last decade (Chapter II).

If the model was performing appropriately, (1) simulated population sizes should
exhibit relatively stable annual fluctuations, with mmmims and maximums occurring
immediately preand postreleasesvents respectively, (2) population sizes should be
significantly affected by changing the numberkaptiverearedindividuals released
annually, but (3) changing the dafryear that birds wre released and the proportion of

females released should not have a significant effect on population size (Chapter II).
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| raneighteen 18) sets of simulations with the model parameterized to represent
general conditions on the APCNWR over the pastdechinitialized each simulation
with a population of 30 adults (1:1 sex ratis@t thenatural recruitment parametefd ¢
k4) equal to zero (natural recruitment on the Refuge has been negligible), and used the
mortality estimatesk@;) calculated fron data collected on the Refuge (see Chapter II).
Each of the 18 sets of simulations represented a different combination of the number of
captiverearedindividualsreleased each ye&t5(= 60, 100, or 200), the dayj-year
(calendar day)hat birds wereeleasedk6 = 1, 244, or 305) and the proportion of
females released{ = 0.48 or 0.7). | chose the valuekbfbecause, on average, 60
captiverearedbirds have been released annually on the Refuge, the mostspeeias
recovery plan suggested amaal release of 100 birds (U.S. Fish and Wildlife Service,
2007), and Toefler et al. (2003) suggested that for grouse populations with displaying
mal es ( such arairie thiclkehafleast @ individdals should be
maintained in the populationl chose the values &b andk7 to encompass a wide range
of plausible release dates and proportions of females released to give these factors a
reasonable opportunity to affect population size.

For each set of simulations, | ramenty @0), ten (L0)-year, Monte Carlo
(replicate stochastic) simulations, and monitored changes in simulated population size.
Twenty Monte Carlo simulations allowed detection of a difference in population sizes of

two (2) individuals(a breeding painvithtype landllemr s of U < 0. 05

respectively (Ott & Longnecker, 2001).

and
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Resultsof the simulationserified that (1) simulated population sizes exhibited
relatively stable annual fluctuations, with minimums and maximums occurring
immediately preand postreleasesvent respectively (Fig. 3.2), (2) population sizes
were significantly affected by changing the number of individ(cptivereared)
released annually, but (Bppulation sizesvere not significantly affected by changing
the dayof-year(calendaday)thatindividualswere released and the proportion of
females released (Table 3.1, Figure 3.3). Also, not surprisingly, but importantly,
although changing the number of individuals released annually affected population size,
it did not qualitativelyaffect population dynamics, that is, population sizes immediately
prereleaseeventswere consistently about 11 or 12% of population sizes immediately

postreleaseevent(Fig. 3.2).
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Table 3.1 Results of ANOVA of effect of nutyer of birds releasedk®), proportion of
femalesreleasedk6), and dayof-year that birds were releasekVj on simulated
population size after 10 years. Results are based on 18 sets ofy2@r Monte Carlo

simulations. Refer to text for details

Type 1ll Sum of
Source Squares df Mean Square F Sig.
Corrected Model 2607(a) 5 521 455 <0.001
Intercept 10485 1 10485 9150 < 0.001
k5 2607 2 1304 1138 <0.001
k6 0.046 1 0.046 0.040 0.843
k7 0.013 2 0.007 0.006 0.994
Error 55.008 48 1.146
Total 13148 54

Corrected Total 2662 53
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Figure 3.3 Results ofl8 sets of 20, 1§ear Monte Carlo simulations represegtin
parameter combinations of number of birds releak®gd 60, 100, 200), proportion of
femalesreleasedk6 = 0.48, 0.7), and dayf-year that birds were releasdd € 1, 244,
305). Mean minimum population sizes at year 10 (xSD) are shown
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3.4 SMULATED EFFECTS OF CHANGES IN RATE OF NATURAL RECRUITMENT ,

M ORTALITY , AND RELEASE OF CAPTIVE -REARED ATTWATER & PRAIRIE CHICKENS

3.4.1 NATURAL RECRUITMENT AND M ORTALITY

To examine populatioflevel responses to changes in rates of natural recruitment
and mortality, | assumed that no captrearedindividualswere released and
hypothesizedhirty (30) scenarios with different natural recruitment rates based on those
reported ér other APC populations, and for the closedlatedand vulnerablé&reater
prairie-chicken . c. pinnatusGPC) (Table 3.2). Lutz et al., (1994) reported that initial
nest succesxl) for APC populations ranged from 19 to 64% annually, and renesting
successK2) ranged from O to 51%. Peterson et al., (1998) reported baselines values of
0.342 (SE=0.047) for initial nest succek$)(and 0.241 (SE=0.073) for renesting
successk?) for APC populations, and 0.495 (SE=0.021) and 0.495 (SE=0.021) for GPC
populations, respectively.

To facilitate comparisons among the 30 scenarios, | combined success of first
nests k1) and renesting succe$®) into a single parameter, total nest success (

tn= (k1 *IC) + ((k2 * (1 - k1)) * RC) (7)
where IC repesents initial clutch size and RC represents renesting clutch size, using the
values for IC (12.1 for both APC and GPC), and RC (9.5 for APC and 10.3 for GPC)
reported by Peterson et al., (1998. Table 1). Maximum valués fegre 9.51 for APC

and 8.62dr GPC.
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Table 3.2. Reproadtive parameters (+ standard error) reported for populations of
At t wat e rclhickengpandGraater@rakodickens, representing ranges of values
for success of first nests (k1, proportiorgnesting success (k2, proportion), and
number of chicks per brood surviving to brood breakup (k3).

Species k1 k2 k3 Source
GPC  0.495(x0.021) 0.495(x0.021) 6 Peterson et al., 1998
APC 0.342 (x0.047) 0.241 (+0.073) 4.3 Peterson et al., 1998

APC 0.19to0 0.64 0to 0.51 Not reported Lutz et al., 1994
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| then determined for each scenario, by trial and error, the proportional reduction
(k8agp in current natural mortalityk8;, Appendix A) required for the population to
sustain itself (Table 3.3).

| defined a sefsustaining population as one that exhibited stable annual
fluctuations, with annual minimums equal to or slightly greater than the initial
population size. As before, | initialized the population with 30 adults (1:1 sex ratio), and
ran aset of 20, 16year, Monte Carldreplicate stochastigimulations for each of the 30
scenarios.

Simulation results indicate that, even if | assume the highest natural recruitment
rates reported for APC, current natural mortality rates would need talbeec by at
least 70% for the population to sustain itself (Table 3.3, Fig. 3.4). If | assume the
highest natural recruitment rates reported for GPC, current natural mortality rates would
need to be reduced by at least 63%suming the lowest natural reitment rates
reported for APC and GPC, current mortality rates would need to be reduced by at least

83% and 78%, respectively.



Table 3.3.Thirty hypothesized repdu c t 1 v e

par ameter
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combinati ol

prairie-chicken representing different combinations of number of chicks per brood
surviving to brood breakugkd) and total nest succesr)( and the associated estimated
proportional reductions8.qj) in current natural mortality required for the population to
sustan itself at the indicated mean (SD) minimum annual population sizes (MMAP).
Refer to text for details associated with parameters estimates

Hypothesis k3 tn K8agi MMAP (SD)
1 4.3 4.15 0.83 39.90 (+ 0.92)
2 43 5.64 0.78 35.94 (+ 1.34)
3 4.3 6.11 0.76 33.00 (+ 1.010
4 4.3 6.27 0.75 33.10 (+ 0.84)
5 4.3 7.15 0.75 29.57 (+ 1.16)
6 43 7.23 0.73 32.06 (+0.93)
7 4.3 7.35 0.74 33.74 (+ 0.94)
8 43 7.36 0.73 34.38 (+1.24)
9 43 8.36 0.72 35.82 (+1.15)
10 43 8.47 0.72 30.92 (0.89)
11 43 8.52 0.72 35.66 (+1.12)
12 43 8.57 0.72 36.78 (¢1.20)
13 43 8.62 0.72 31.88 (+ 1.23)
14 43 9.44 0.70 31.15 (+1.17)
15 43 9.51 0.70 32.1 (+1.19)
16 6 4.15 0.78 40.08 (+1.08)
17 6 5.64 0.73 31.85 (+1.23)
18 6 6.11 0.70 35.28 (+1.36)
19 6 6.27 0.70 34.00 (+11)
20 6 7.15 0.70 32.61 (x1.1)
21 6 7.23 0.68 35.01 (1.51)
22 6 7.35 0.69 36.53 (1.68)
23 6 7.36 0.68 37.19 (1.44)
24 6 8.36 0.67 33.01 (+1.93)
25 6 8.47 0.66 33.94 (0.39)
26 6 8.52 0.66 33.45 (£2.1)
27 6 8.57 0.67 33.86 (+1.18)
28 6 8.62 0.66 35.18 (+2.10)
29 6 9.44 0.65 35.16 (+2.15)
30 6 9.51 0.65 36.06 (+2.01)
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Figure 3.4.Trend lines calculated via linear regression passing through points

representinghe estimated proportional reductione{q;, Table 33) in current natural

mortality k8) r equi r ed f or -chidken poptlation totsustairditself pr ai r i e
under each of the 30 hypothesized natural recruitment rates (Table 3.3). Total nest

successtf) includes both initialK1) and renesting k2) success (see text for details).

Solid and open circles represent hypotheses based on 4.3 and 6 chicks per brood

surviving to brood breakup, respectively. Crbssched area beneath the lines represents
parameter combinations that yield a ssifstainingpopulation. Note the inverted scale

on the Y axis



