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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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	Title: Role of chronic carriers and population density in bighorn sheep
	Total Project: 1323649
	County: [ ]
	Nearest Town: Project includes sheep populations near Jackson, Dubois, and Cody
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	Monitoring: 
	Text14: Project Partner Amount
Wyoming Wildlife/Livestock Disease Research Partnership $60,945
Wyoming Game and Fish Commission $350,000
Wyoming Game and Fish Commission License (Crank) $14,855
Animal Damage Management Board $75,000
Wyoming Wildlife and Natural Resource Trust $330,000
Bureau of Land Management $91,500
US Forest Service $0
Wyoming Governor's Big Game License Coalition $370,800
Teton Conservation District $10,000
Bowhunter's of Wyoming $7,500
Wyoming Wild Sheep Foundation $47,000
National Wild Sheep Foundation $37,000
Total $1,394,600

 
	Text15: We will distribute and share various products associated with our work through social media, our outreach platform the Ungulate Compendium, additional Rampage stories, project updates, and peer-reviewed publications. Essentially, we look forward to helping share and spread information regarding what we are learning with this work. 
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