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Prior to completing this application, please review the Funding Priorities located here.

Project Title:

TetonRangeBighorn SheepecalGenetics

80 character limit

Organization Name: |GrandTetonNationalPark

Project Lead:

Additional Point of Contact (if different from Project Lead):

Name |SarahDewey Name
Email |sarah_dewey@nps.gov Email
Phone (307)739-3488 Phone

Mailing Address |GrandTetonNP,POBox 170

City, State, Zip |Moose wy |[83012| City, State, Zip

Proj ect Type (select all that apply) .
@ Research |:| Education and QOutreach
[ ] Habitat [ ] Conservation Easement

[ ] Other:

CarsorButler

carson_butler@nps.gov

(307)739-3487

Mailing Address

GrandTetonNP,POBox 170

Moose

WY

83012

|:| Captures & Transplants
@ Population Monitoring

Project Location(s) Information:

County: |Teton Nearest Town: |Jackson

Project Phase (ifapplicable): of

Budget Information:

Project Timeline: [06/01/2019

to

12/31/2023

Total WY-WSF Request $ |$ 8,200.00

Total Project Cost: $ [293,835.00

If yes, list each grant received for five years

Has this project been funded by the Foundation previously?  |yes

Other Project Contributions or Matching Funds:

Source
Source
Source
Source
Source

Source

GrandTetonNationalPark(19-22)

GrandTetonNationalParkFoundation(19-22)

GreateryellowstoneCoordinatingComm.(21-22)

RaynesWildlife Fund/TetorCons.Dist (20-22)

NationalWild Sheep~oundation(20)

lowa FNAWS (21-22)

Amount $
Amount $
Amount $
Amount $
Amount $

Amount $

Jun 2019 - $5K,Dec 2019 - $5
Tn Hand Requested

131,514.00 O

85,371.00 O

13,250.00 O

21,250.00 []

5,000.00 O

14,250.00 O



https://wgfd.wyo.gov/Apply-or-Buy/Commissioner-and-Governor-Licenses/Governors-Big-Game-License

Project Objective and Narrative:

funding priorities

The TetonRangepopulationis Wyoming'ssmallesicore-nativebighornsheepherdandmanagersieedreliable
demographi@andgeneticinformationto determindf, when,andhow theyneedto interveneto ensurehe population's
persistencénto thefuture.Managerobtainpopulationestimategor the TetonRangebighornsheeppopulationfrom a
periodicwinter aerialsurvey;however this methodprovidesno measuref reliability in the populationestimate Annual
variationin counts particularlydeclinescannotbereadily attributedto true populationdeclinesor lower visibility of
animals.Wildlife managersequireaccuratelemographicatato properlymanagepopulationsyet suchinformationcan
bedifficult to obtainfor populationghatoccuratlow densitiesacrossroadareasf rugged remote andinaccessible
terrain.

Typically, rigorousestimate®f demographicatesin smallungulatepopulationgequirecapturingandradio-collaringor
tagginganimals which constitutesa recurringcostof money time, andrisk. Noninvasivesamplingof fecalpelletsis a
relativelynewmethodto determinedemographiparameterdy usingDNA onthe surfaceof the pelletsto identify
individual animalswithout physicallycapturinganimals.This approacthasbeenusedin recentyearsto obtain
mark-recaptur@opulationestimatedor bighornsheepgShoeneckeetal. 2015,Pfeiler2019)aswell asothermountain
ungulategHarrisetal. 2010,Pooleet al. 2010).Pfeiler (2019)showedhatfecal samplingwasthe mostcost-effective
methodto obtainreliablepopulationestimatesn a smalldesertighornsheeopulation Furthermorethis general
approachhasbeenappliedovermultiple yearsto alsoestimatesurvivalandrecruitment(e.g.,Woodruff etal. 2016, Pfeiler
2019),providingarelativelycompletepictureof a population’sdemographiparameters.

We canutilize the samepelletsusedto estimatedemographiparameterso assesshe herd’'sgeneticstatus A genetic
assessmerf TetonRangebighornsheepcompletedn 2010determinedhatthe TetonRangebighornsheeppopulation
actuallyconsistof two geneticallyisolatedsubpopulationshathavemoderatelyjlow geneticdiversity. Improvedgenetic
toolsnow existandnewmeasure$or somegeneticmetricsareavailable Enoughtime haselapsedo warranta
reevaluatiorof the population’sgeneticstatus For example geneticdiversity of oneor bothsubpopulationsnayhave
decreasedvertime or, converselythe northandsouthsegmentgould now havegeneticinterchange.

Theoverallobjectivesof this projectareto:

1) Estimateannualabundancef bighornssheepn the TetonRange2019-2022

2) Estimateannualsurvivalandlambrecruitmentates.

3) Evaluategeneticdiversity of northernandsouthernTetonRangebighornsheep.

4) Evaluatepopulationstructure(i.e., presencef sub-populationsyvithin northernandsouthernletonRangebighorn
sheep.

5) EvaluategeneticconnectivitybetweemorthernandsouthernTetonRangebighornsheep

6) EvaluategeneticconnectivitybetweenT etonRangebighornsheepandbighornsheegrom the ‘JacksorHerd’ (Hunt
Area7) andthe'Yount's PeakHerd’ (Hunt Area4).

Samplecollectionfor this projecthasconcludedcandwe arestriving to usewhatwe’ve learnedthusfar to improvethefinal
products Accordingly, the specificobjectivesrelatedto this proposakreto:

1) Establishsmallfinancial contractwith Dr. Mary Connerat Utah StateUniversityto facilitate continuedassistancen
analysedo estimateabundancesurvival,andrecruitment.

2) Expandgeneticpanelfrom 9 sitesto 16 sitesfor 100individual bighornsheepo ensureaccuratadentificationof
individualsandimproveresolutionof the geneticevaluations*Seeadditionalinformationsectionfor furtherexplanation.



https://wgfd.wyo.gov/Apply-or-Buy/Commissioner-and-Governor-Licenses/Governors-Big-Game-License
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Miles/Acres Affected (if applicable): @ Miles OAcres

Describe Any Current or Future Monitoring/Management (if applicable):

A goalof this projectis to inform along-termbighornsheepopulationmonitoringplanfor the TetonRangeusing,in part,
fecalgeneticsThemonitoringplanwill likely entailintensivefecalsamplecollectionat regularinter-annualntervals(e.g.
every3years).

Describe how you will share your learned info with us

We will sharepastandfutureannualprogresseportsdetailingresultsfor eachyearof the study.At the conclusionof the
study,we planto prepareafinal reportsummarizingheresultsfrom 2019-2022andwill sharethatdocumenupon
completionWe alsohopeto publishthisresearclin a peer-reviewegournalthatwill be availableto WWSF.

BiologistsCarsorButler andSarahDeweyprovideda Grand-in-AidUpdatefor this projectthatwaspublishedn the
Spring2020Rampage.

Additional Budget or Project Information for Consideration (if applicable):

This projectwasfundedby WyomingWild SheepgFoundatiorin June2019for $5,000,Decembef019for $5,000,and
$10,000in 2020.Whenwe submittedaninvoicein $9,990for genotypingservicesn Marchof 2022our intentionwasto
have$5,000takenfrom the Decembef019grantand$5,000from the Decembef020grant,leaving$5,000from the 2020
grantavailablefor future projectexpensedJnfortunately we maynot havespecifiedhowto reconcilethe accountandwe
did not submitaninvoice beforethefundswereturnedbackin Fall 2022.For this grant,we arerequestinga total of
$8,200.Thisrepresentshe $5,000we inadvertenthyturnedbackandanadditional$3,200to coverextendedyenotypingfor
moreof our samplesWe planto use$3,000to compensat®r. Mary Connemwho hasprovidedstatisticalassistancen
studydesignanddataanalysisand$5,200to coverthe costof extendinggenotype®n approximatelyl00 samplesAs
describedibovethis studyuseshighornsheegfecal pelletscollectednon-invasivelyat minerallicks throughouthe Teton
Rangeto obtaingeneticmaterialfrom bighorns.Thefecalsamplesrethengenotypedo identify individual sheepandthe
genotypingresultsareusedin a capture-recaptunmodelingframeworkto obtaina populationabundancestimateln the
initial yearsof the study,thelab genotypedhe samplesat 9 loci. Thisis a standarchumberof loci to usefor preliminary
analyseandonethatprior bighornsheepstudiessuggestedvassufficientfor distinguishingndividuals.In Fall 2022,our
partnersat OregonStateUniversity extendedhe numberof geneticloci from 9 to 16 for a subsebf our samplego pursue
theprojectgoalsrelatedto genetichealth.Uponextendingtheloci for thesesamplesthelab discoveredhatsamplegrom
our studyhadrelativelyhigh levelsof allelic dropoutcomparedo otherbighornsystemgheyhavestudied Allelic dropout]
is acommonphenomenomndoccurswhenonly oneof thetwo allelespresenamplifiesat a heterozygoufocus.Errorsin
identifying genotypegindividuals)dueto allelic dropoutcanleadto overestimatingpopulationabundanceT o addresshis
issue we seekto havethelab extendthe genotypingfrom 9 loci to 16 for all individualsidentifiedin our dataset
(approximatelyl00individualshaveonly beengenotypedat 9 loci thusfar).

Attachments and Supporting Documentation:

Please select the types of attachments included:

@ Map(s) required |:| Letter(s) of Support

|:| Project Design |:| Photos

|:| Monitoring/Management Plan Permit(s) / NEPA Compliance
@ Other:|ProjectBudget

Please submit applications and attachments via email to: Info@wyomingwildsheep.org
Subject Line: "" Name of Project - Organization Name' PRINT SAVE AS
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	Other Description: 
	Narrative: The Teton Range population is Wyoming's smallest core-native bighorn sheep herd and managers need reliable demographic and genetic information to determine if, when, and how they need to intervene to ensure the population's persistence into the future. Managers obtain population estimates for the Teton Range bighorn sheep population from a periodic winter aerial survey; however, this method provides no measure of reliability in the population estimate. Annual variation in counts, particularly declines, cannot be readily attributed to true population declines or lower visibility of animals. Wildlife managers require accurate demographic data to properly manage populations; yet such information can be difficult to obtain for populations that occur at low densities, across broad areas of rugged, remote, and inaccessible terrain.

Typically, rigorous estimates of demographic rates in small ungulate populations require capturing and radio-collaring or tagging animals, which constitutes a recurring cost of money, time, and risk. Noninvasive sampling of fecal pellets is a relatively new method to determine demographic parameters by using DNA on the surface of the pellets to identify individual animals without physically capturing animals. This approach has been used in recent years to obtain mark-recapture population estimates for bighorn sheep (Shoenecker et al. 2015, Pfeiler 2019) as well as other mountain ungulates (Harris et al. 2010, Poole et al. 2010). Pfeiler (2019) showed that fecal sampling was the most cost-effective method to obtain reliable population estimates in a small desert bighorn sheep population. Furthermore, this general approach has been applied over multiple years to also estimate survival and recruitment (e.g., Woodruff et al. 2016, Pfeiler 2019), providing a relatively complete picture of a population’s demographic parameters. 

We can utilize the same pellets used to estimate demographic parameters to assess the herd’s genetic status. A genetic assessment of Teton Range bighorn sheep completed in 2010 determined that the Teton Range bighorn sheep population actually consists of two genetically isolated subpopulations that have moderately low genetic diversity. Improved genetic tools now exist and new measures for some genetic metrics are available. Enough time has elapsed to warrant a reevaluation of the population’s genetic status. For example, genetic diversity of one or both subpopulations may have decreased over time or, conversely, the north and south segments could now have genetic interchange.  

The overall objectives of this project are to:

1) Estimate annual abundance of bighorns sheep in the Teton Range 2019-2022
2) Estimate annual survival and lamb recruitment rates. 
3) Evaluate genetic diversity of northern and southern Teton Range bighorn sheep. 
4) Evaluate population structure (i.e., presence of sub-populations) within northern and southern Teton Range bighorn sheep. 
5) Evaluate genetic connectivity between northern and southern Teton Range bighorn sheep
6) Evaluate genetic connectivity between Teton Range bighorn sheep and bighorn sheep from the ‘Jackson Herd’ (Hunt Area 7) and the ‘Yount’s Peak Herd’ (Hunt Area 4). 

Sample collection for this project has concluded and we are striving to use what we’ve learned thus far to improve the final products. Accordingly, the specific objectives related to this proposal are to: 

1) Establish small financial contract with Dr. Mary Conner at Utah State University to facilitate continued assistance on analyses to estimate abundance, survival, and recruitment. 

2) Expand genetic panel from 9 sites to 16 sites for 100 individual bighorn sheep to ensure accurate identification of individuals and improve resolution of the genetic evaluations. *See additional information section for further explanation.
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	Title: Teton Range Bighorn Sheep Fecal Genetics
	Total Project: 293835
	County: [Teton]
	Nearest Town: Jackson
	Miles/Acres: 
	Monitoring: A goal of this project is to inform a long-term bighorn sheep population monitoring plan for the Teton Range using, in part, fecal genetics. The monitoring plan will likely entail intensive fecal sample collection at regular inter-annual intervals (e.g. every 3 years). 
	Text14: This project was funded by Wyoming Wild Sheep Foundation in June 2019 for $5,000, December 2019 for $5,000, and $10,000 in 2020. When we submitted an invoice in $9,990 for genotyping services in March of 2022 our intention was to have $5,000 taken from the December 2019 grant and $5,000 from the December 2020 grant, leaving $5,000 from the 2020 grant available for future project expenses. Unfortunately, we may not have specified how to reconcile the accounts and we did not submit an invoice before the funds were turned back in Fall 2022. For this grant, we are requesting a total of $8,200. This represents the $5,000 we inadvertently turned back and an additional $3,200 to cover extended genotyping for more of our samples. We plan to use $3,000 to compensate Dr. Mary Conner who has provided statistical assistance in study design and data analysis and $5,200 to cover the cost of extending genotypes on approximately 100 samples. As described above this study uses bighorn sheep fecal pellets collected non-invasively at mineral licks throughout the Teton Range to obtain genetic material from bighorns. The fecal samples are then genotyped to identify individual sheep and the genotyping results are used in a capture-recapture modeling framework to obtain a population abundance estimate. In the initial years of the study, the lab genotyped the samples at 9 loci. This is a standard number of loci to use for preliminary analyses and one that prior bighorn sheep studies suggested was sufficient for distinguishing individuals. In Fall 2022, our partners at Oregon State University extended the number of genetic loci from 9 to 16 for a subset of our samples to pursue the project goals related to genetic health. Upon extending the loci for these samples, the lab discovered that samples from our study had relatively high levels of allelic dropout compared to other bighorn systems they have studied. Allelic dropout is a common phenomenon and occurs when only one of the two alleles present amplifies at a heterozygous locus. Errors in identifying genotypes (individuals) due to allelic dropout can lead to overestimating population abundance. To address this issue, we seek to have the lab extend the genotyping from 9 loci to 16 for all individuals identified in our dataset(approximately 100 individuals have only been genotyped at 9 loci thus far).  
	Text15: We will share past and future annual progress reports detailing results for each year of the study. At the conclusion of the study, we plan to prepare a final report summarizing the results from 2019-2022 and will share that document upon completion. We also hope to publish this research in a peer-reviewed journal that will be available to WWSF. 

Biologists Carson Butler and Sarah Dewey provided a Grand-in-Aid Update for this project that was published in the Spring 2020 Rampage.
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