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Project Objective and Narrative:

funding priorities

Giventhe persistencef pneumonigpathogendn chronicallyinfectedherdsthatvary in their effectsfrom yearto year,the
ideahasemergedhatsomeindividualsmay consistentlyharborthe pathogensndreinfectothersthatmay otherwiseclear
them(Bessektal. 2013,Plowrightetal. 2013a).Thereforejt hasbeenproposedhatpneumonianaybe maintainedn
populationdby a few individualsthatarechroniccarriersandwith their removal,couldalleviatethe prevalencef
Mycoplasmaovipneumonia—considerdd bethe primary pathogeni@gentin the pneumoniacomplex(Besseretal.
2013).In two smallpopulationf bighornsheegn westernSouthDakota,Garwoodet al. (2020)implementeda testand
removalprogramin oneherd,andleft the otherasa control. Two chroniccarrierswereidentifiedin eachherd.Upon
removalof thetwo chroniccarriersfrom thetreatmenherd,theyfailed to detectMycoplasmaovipneumonia@nd
mortality hazardfor lambswasreducedy 72% comparedvith the controlherd(Garwoodetal. 2020).Also, therewasa
41%reductionin hazardof adultmortality (Garwoodet al. 2020).Similarly, in Oregon,anopportunisticobservatiorof
lossof asingleMycoplasmeaovipneumoniagositiveindividual in a populationimprovedjuvenilesurvival (Spaaretal.
2021). Beforethe deathof the Mycoplasmaovipneumonia@ositivesheeppbservationsndicatedjuvenile mortality
causey pneumoniavasfrequentin the population.Indeed similar evidenceof the potentialrole of chroniccarriers,
especiallyin herdswith persistentambmortality to pneumonighaveemergedfurthersuggestinghata testandremoval
programmaybeaneffectivemanagemenrdction(Cassireretal. 2018).

Consequenced pneumonigathogensvithin populationshowever,arenot consistenaicrosgpopulationsor evenacross
time. Thereforedieoffsarelikely dependentiponcertainecologicalor environmentatonditions—understandirtgese
interactionscouldyield managemerdlternativego helpreducethefrequencyof epizooticsanddamperfluctuationsin
abundancen anextensiveanalysisof pneumonigepizooticsrom 99 herdsacrossighornsheepange Monello etal.
(2001)notedthat88% of pneumonia-inducedieoffsoccurredat or within 3 yearsof peaksn populationsize.As density
dependencincreasesvith growthof populationsdeclinesin food availability leadto reductionsn nutritional condition.In
theabsencef pneumonianutrition underliesdemographyatesin bighornsheepStephensoet al. 2020),similarto many
otherwildlife populationsRecentwork hasshownthatbetternutritionimprovesover-wintersurvival of bothinfectedand
non-infectedsheepDekelaitaet al. 2020).Further,nutritionally limited femalebighornsmay prioritize energetic
investmeninto immunefunctionor pathogertoleranceoverrecruitmentsupportingthe notionthatimproving nutritionin
herdsmaybenefitthe overallhealthof the herdin the presencef pneumonia-associat@é@thogensConsequentlyefforts
to maintainpopulationsat moderatedensityandthus,reducedensitydependencandassociateautritionalconsequences
may provefruitful in avoidingepizooticdieoffsin otherwiseproductivepopulationgMonteithetal. 2018).

As we havelearnedthroughour effortsassociatedavith the Bighorn SheepNutrition-Diseaséroject,the Jacksorand
Duboissheemopulationdikely highlighttwo potentialcontrastsn how pneumonianay affectpopulationsThe Dubois
sheepcontinueto be suppressetly chronicallylow lambsurvival,which s partially underpinnedy pneumonia-related
mortality andis likely complicatecby poorsummemutrition andenergeticostsof carryingpathogensin contrast,
Jacksorsheepontinueto thrive with reasonabléamb survivalanda growing population But with occasionateductions
in nutritional conditionandreachinghistoric peaksn abundance]acksorsheepmay be sitting on the precipiceof an
epizooticdieoff. Both populationgpossesshe key pathogensissociateavith the pneumoniacomplex.Notablyhowever,
chroniccarriersarefar moreapparentn the DuboisandUpperShoshonsheepandarenot evidentin Jacksorsheepvhere
mostindividualsseemto eitherclearor suppresshe pathogenso the extentthatwe areunableto detectthem.Indeed,in
our datafrom the Duboispopulation,mostindividualsseento eitherclearor suppresshe pathogenso the extentthatwe
areunableto detectthem.But, for few individuals,theyappeato be chroniccarriersandtestpositivefor the pathogendn
almosteverysamplinginstance.

Givenwhatwe havelearnedsince2015,the Wyoming GameandFish Departmentlongwith collaborationfrom the
Shoshon& ArapahoFish& GameDepartmenhasproposednimplementatiorandevaluationof 2 managemertbols: 1)
testandcull, and2) femaleharvestSpecifically, managementrescriptionsim to implementtestandcull of chronic
carriersin the RedCreekportionof the Duboissheepherd,andimplementfemaleharvestin a delineatedreatmentzoneof
the Jacksorsheepherd.Both managemerdctionswill beaccompaniety maintenancef our ongoingresearcho provide
arigorousassessmemf the effectivenes®f bothapproaches.

Ourwork seekgo understandhow we canmoreeffectivelymanagechronicallyinfectedpopulations- boththrough
nutritional strategie@ndpathogen-reductiostrategiesln doingso,we havethe opportunityto learnhow to more
effectivelymanagesheepandtheir habitatthroughstrategiesootedin scienceBenefitof this continuedresearciwill come
two-fold: implementatiorof thesemanagemerdtrategiess intendedo directly benefitthe populationghattheytarget,and
intensivemonitoringof the effectof thesestrategiesvill inform managementf populationsof bighornsheeghroughout
theirrange.
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Miles/Acres Affected (if applicable): @ Miles OAcres

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

Describe how you will share your learned info with us

We will distributeandsharevariousproductsassociateavith our work throughsocialmedia,our outreactplatformthe
UngulateCompendiumadditionalRampagestories projectupdatesandpeer-reviewegbublications Essentiallywe look
forwardto helpingshareandspreadnformationregardingwhatwe arelearningwith this work.

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

ProjectPartnerAmount

WyomingWildlife/Livestock DiseaseResearchPartnershif$60,945
Wyoming GameandFish Commissior$350,000

Wyoming GameandFish CommissiorLicense(Crank)$14,855
Animal DamageManagemenBoard$75,000
WyomingWildlife andNaturalResourcerust$330,000
Bureauof LandManagemen$91,500

US ForestService$0

Wyoming Governor'sBig GameLicenseCoalition$370,800
TetonConservatiomistrict $10,000

Bowhunter'sof Wyoming $7,500
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NationalWild SheegFoundatior37,000

Total $1,394,600
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	Other Description: 
	Narrative: Given the persistence of pneumonia pathogens in chronically infected herds that vary in their effects from year to year, the idea has emerged that some individuals may consistently harbor the pathogens and reinfect others that may otherwise clear them (Besser et al. 2013, Plowright et al. 2013a). Therefore, it has been proposed that pneumonia may be maintained in populations by a few individuals that are chronic carriers and with their removal, could alleviate the prevalence of Mycoplasma ovipneumonia—considered to be the primary pathogenic agent in the pneumonia complex (Besser et al. 2013). In two small populations of bighorn sheep in western South Dakota, Garwood et al. (2020) implemented a test and removal program in one herd, and left the other as a control. Two chronic carriers were identified in each herd. Upon removal of the two chronic carriers from the treatment herd, they failed to detect Mycoplasma ovipneumoniae and mortality hazard for lambs was reduced by 72% compared with the control herd (Garwood et al. 2020). Also, there was a 41% reduction in hazard of adult mortality (Garwood et al. 2020). Similarly, in Oregon, an opportunistic observation of loss of a single Mycoplasma ovipneumoniae positive individual in a population improved juvenile survival (Spaan et al. 2021).  Before the death of the Mycoplasma ovipneumoniae positive sheep, observations indicated juvenile mortality caused by pneumonia was frequent in the population. Indeed, similar evidence of the potential role of chronic carriers, especially in herds with persistent lamb mortality to pneumonia have emerged, further suggesting that a test and removal program may be an effective management action (Cassirer et al. 2018).
Consequences of pneumonia pathogens within populations however, are not consistent across populations or even across time. Therefore, dieoffs are likely dependent upon certain ecological or environmental conditions—understanding these interactions could yield management alternatives to help reduce the frequency of epizootics and dampen fluctuations in abundance. In an extensive analysis of pneumonia epizootics from 99 herds across bighorn sheep range, Monello et al. (2001) noted that 88% of pneumonia-induced dieoffs occurred at or within 3 years of peaks in population size. As density dependence increases with growth of populations, declines in food availability lead to reductions in nutritional condition. In the absence of pneumonia, nutrition underlies demography rates in bighorn sheep (Stephenson et al. 2020), similar to many other wildlife populations. Recent work has shown that better nutrition improves over-winter survival of both infected and non-infected sheep (Dekelaita et al. 2020). Further, nutritionally limited female bighorns may prioritize energetic investment into immune function or pathogen tolerance over recruitment, supporting the notion that improving nutrition in herds may benefit the overall health of the herd in the presence of pneumonia-associated pathogens. Consequently, efforts to maintain populations at moderate density and thus, reduce density dependence and associated nutritional consequences may prove fruitful in avoiding epizootic dieoffs in otherwise productive populations (Monteith et al. 2018).
As we have learned through our efforts associated with the Bighorn Sheep Nutrition-Disease Project, the Jackson and Dubois sheep populations likely highlight two potential contrasts in how pneumonia may affect populations. The Dubois sheep continue to be suppressed by chronically low lamb survival, which is partially underpinned by pneumonia-related mortality and is likely complicated by poor summer nutrition and energetic costs of carrying pathogens. In contrast, Jackson sheep continue to thrive with reasonable lamb survival and a growing population. But with occasional reductions in nutritional condition and reaching historic peaks in abundance, Jackson sheep may be sitting on the precipice of an epizootic dieoff. Both populations possess the key pathogens associated with the pneumonia complex. Notably however, chronic carriers are far more apparent in the Dubois and Upper Shoshone sheep and are not evident in Jackson sheep where most individuals seem to either clear or suppress the pathogens to the extent that we are unable to detect them. Indeed, in our data from the Dubois population, most individuals seem to either clear or suppress the pathogens to the extent that we are unable to detect them. But, for few individuals, they appear to be chronic carriers and test positive for the pathogens in almost every sampling instance. 
Given what we have learned since 2015, the Wyoming Game and Fish Department along with collaboration from the Shoshone & Arapaho Fish & Game Department has proposed an implementation and evaluation of 2 management tools: 1) test and cull, and 2) female harvest. Specifically, management prescriptions aim to implement test and cull of chronic carriers in the Red Creek portion of the Dubois sheep herd, and implement female harvest in a delineated treatment zone of the Jackson sheep herd. Both management actions will be accompanied by maintenance of our ongoing research to provide a rigorous assessment of the effectiveness of both approaches. 
Our work seeks to understand how we can more effectively manage chronically infected populations – both through nutritional strategies and pathogen-reduction strategies. In doing so, we have the opportunity to learn how to more effectively manage sheep and their habitat through strategies rooted in science. Benefit of this continued research will come two-fold: implementation of these management strategies is intended to directly benefit the populations that they target, and intensive monitoring of the effect of these strategies will inform management of populations of bighorn sheep throughout their range. 
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