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Executive Summary 

In the last three years, there has been an unexpected decline in the Sierra bighorn population, which is 

currently estimated to be just under 500 with 249 females, 81 lambs, and 166 males. During the California 

drought of 2012-2016, the range-wide population increased from 202 to 314 females, and Sierra bighorn 

experienced low levels of lion predation and mild winters. Then came the nearly record-breaking winter 

of 2016-17 during which ~100 females died, or 

30% of all known females (not including lambs). 

Another heavy winter quickly followed in 2018-19 

during which ~75 females died, or 25% of all 

known females. Most of these losses were 

associated with deep snow conditions, but there 

was also extreme lion predation at Langley 

(Gammons et al. 2021), which had previously 

been one of the largest source herds. These major 

losses have delayed downlisting for at least 

another five years, and perhaps longer if we have 

more heavy snow winters or extreme predation. 

These declines have not only limited our capacity 

to augment new herds, which are just getting 

established, but have also reduced some  source 

herds and other herds to concerningly low levels. 

Fortunately, 2019 was a relatively mild winter 

and Sierra bighorn experienced average levels of 

survival and fecundity. This spring we successfully 

translocated six females from Wheeler into 

Warren (Figure 1), because the Warren 

population had declined to a single female and 

three males. Olancha, which was reintroduced in 

2013, is now the fourth largest of all herds and 

has been the most productive of the recently 

reintroduced herds. This year we greatly increased our mountain lion monitoring efforts, including adding 

a count zone associated with Olancha. We had the highest mountain lion count for the region (N=50). 

Additionally, we successfully translocated a lion that was known to prey upon Sierra bighorn out of 

Warren, one of the more sensitive herds. The Sierra Nevada Bighorn Sheep Recovery Program is focused 

on reducing any further losses through mountain lion management and bolstering any small herds 

through translocation when source herds allow. 

Figure 1. Capture of six Sierra bighorn from the Wheeler herd 

for translocation to the Warren herd in March 2020. 
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Figure 2. Overview of Sierra bighorn herd units and mountain lion count zones. 
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Introduction and Background 

Sierra Nevada bighorn sheep (Ovis canadensis sierrae) are a unique subspecies native to the Sierra Nevada 

in California (Grinnell 1912, Wehausen and Ramey II 2000, Wehausen et al. 2005). They have distinctly 

wide splayed horns and have been genetically isolated from other bighorn sheep subspecies for roughly 

100-300,0000 years (Buchalski et al. 2016). Conservation management has included hunting regulations 

starting in 1878, as well as a series of translocations that began in 1979 (Bleich et al. 1990) that established 

the Warren, Wheeler, and Langley herds, as well as unintentionally creating Gibbs (Figure 2). Despite 

these efforts, the range-wide population was estimated to be only ~100 individuals in 1995 (U.S. Fish and 

Wildlife Service 2007). 

In 1999, Sierra bighorn were placed on the federal endangered species list and the California Department 

of Fish and Wildlife was selected to be the lead agency in the implementation of recovery efforts. Recent 

bighorn die-offs throughout the west have been associated with the bacterium Mycoplasma 

ovipneumoniae (M. ovi), and it is thought that respiratory disease likely drove earlier declines in the 

distribution and abundance in Sierra bighorn (Wehausen et al. 2011). Fortunately, M. ovi has not been 

detected in the Sierra Nevada (testing back to 2001), and we have observed no signs of respiratory 

disease, such as coughing or lung lesions, since monitoring began in 1974. Sierra bighorn population 

dynamics appear to be largely driven by adult female survival (Johnson 2010a), and the top two causes of 

mortality are predation by mountain lion (Puma concolor) and winter death in the form of starvation or 

avalanche. 

This report summarizes the activities of the Sierra Nevada Bighorn Sheep program (hereafter Recovery 

Program) from May 1, 2019 to April 30, 2020. The Recovery Program monitors Sierra bighorn abundance, 

demography, and habitat use to inform management decisions regarding translocation, predator 

management, and disease risk. We monitor mountain lion abundance, demography, and habitat use 

because they are the main predator and largest known cause of mortality for Sierra bighorn. Monitoring 

of Sierra bighorn and lions requires the capture and collaring of animals, ground counts, and the 

investigation of mortalities and mountain lion kills. Our two main conservation activities are translocation 

and predator management. Additionally, we work to reduce the potential for disease transmission 

between Sierra bighorn and domestic sheep, and we promote bighorn recovery through public outreach. 

We also support and direct academic research. 

For brevity we refer to herd units using ǎƛƴƎƭŜ ǿƻǊŘ ƴŀƳŜǎΣ ŦƻǊ ŜȄŀƳǇƭŜ ΨhƭŀƴŎƘŀΩ ŦƻǊ ǘƘŜ hƭŀƴŎƘŀ tŜŀƪ 

Herd Unit. WŜ ǊŜŦŜǊ ǘƻ {ƛŜǊǊŀ bŜǾŀŘŀ ōƛƎƘƻǊƴ ǎƘŜŜǇ ŀǎ ΨōƛƎƘƻǊƴΩ ƻǊ Ψ{ƛŜǊǊŀ ōƛƎƘƻǊƴΩ ŀƴŘ Ƴƻǳƴǘŀƛƴ ƭƛƻƴǎ ŀǎ 

ΨƭƛƻƴǎΩ. Each animal ID number has a prefix: ά{έ ŦƻǊ ŎƻƭƭŀǊŜŘ {ƛŜǊǊŀ ōƛƎƘƻǊƴΣ άaέ ŦƻǊ ǳncollared Sierra 

bighorƴΣ ŀƴŘ ά[έ ŦƻǊ Ƴƻǳƴǘŀƛƴ ƭƛƻƴΦ CƻǊ ōƛƎƘƻǊƴΣ ǿŜ ǳǎŜ ΨнлмфΩ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŀƴƛƳŀƭ ȅŜŀǊ aŀȅ мΣ нлмф 

ς April 30, 2020, beginning with lambing season and including the winter of 19-20. For lions, the 2019 year 

is from July 1, 2019 to JunŜ олΣ нлнлΦ ά{ƻǳǊŎŜέ ƘŜǊŘǎ ό²ƘŜŜƭŜǊΣ {ŀǿƳƛƭƭΣ .ŀȄǘŜǊΣ and Langley) have 

ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǊŜŎŜƴǘ ǊŜƛƴǘǊƻŘǳŎǘƛƻƴǎ όǎǘŀǊǘƛƴƎ ƛƴ нлмоύ ǘƘŀǘ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ άƴŜǿέ ƘŜǊŘǎ ό/ŀǘƘŜŘǊŀƭΣ .ƛƎ 

Arroyo, Laurel, and Olancha). Data and summaries in this report are preliminary and are subject to change 

contingent upon further interpretation, analyses, and review. 
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Population Monitoring and Recovery Goals 

Over the last twenty years, the range-wide population of Sierra bighorn has increased five-fold, from a 

low of 65 females in 2000, to a high of 317 adult and yearling females in 2016 (Figure 3). These population 

estimates are largely based on minimum counts in combination with some mark-resight estimates 

(Appendix B, Methods). This year, we accounted for 249 females, 81 lambs, and estimated 166 males for 

a total of 496 Sierra bighorn (Table 1). Males are estimated using a 2:3 ram:ewe ratio because survey and 

collaring efforts are focused on females and are known to miss males (Methods). Females receive more 

focus because they are the main drivers of Sierra bighorn population dynamics.  

Figure 3. Range-wide female Sierra bighorn population abundance since 1999. Range-wide numbers are calculated using annual 

herd values based on reconstructed minimum counts and Mark-Resight estimates, as well as the most recent survey results for 

herds not surveyed annually. Herd counts are combined across the animal year (May 1 ς April 30). Because some herds are counted 

in summer and others are counted during or after winter in the spring, the complete impacts of a given winter are not shown on 

this graph. 

Minimum counts are derived from ground surveys and occasionally compiled from multiple visits within 

a herd and season; they are almost always underestimates. Here we report the highest count for each 

herd which typically occurs in the summer for most herds, but sometimes occurs in the following winter 

or spring (Table 1). Because surveys span summer ǘƘǊƻǳƎƘ ǿƛƴǘŜǊ ƛƴǘƻ ǎǇǊƛƴƎΣ ǘƘŜȅ ŘƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǎƘƻǿ 

the impact of a given winter. However, they do show the population has declined during the last three 

years, which is likely due to large losses in the 2016-17 and 2018-19 winters in which there was a 30% loss 

of females (~100) and a 25% loss of females (~75), respectively (Greene et al. 2017, 2019). 

The Recovery Plan (U.S. Fish and Wildlife Service 2007) specifies that minimum counts are used to assess 

progress toward downlisting goals. Downlisting requires at least 305 females with specific targets for each 

of four Recovery Units (Figure 4), and each recovery unit includes 2-7 herds. Currently both the Southern 

and Central Recovery Units meet downlisting minimums, while the Northern and Kern Recovery Unit 

targets have not yet been met (Figure 4).  
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Table 1. Reconstructed minimum counts (MC) of Sierra bighorn during May 1, 2019 ς April 30, 2020. Lambs not identified by sex. 

Female and lamb estimates are expected to be more accurate than male estimates because there are more collared females and 

survey routes are designed around them. However, all minimum counts are underestimates. Year-end population is reduced by 

all known mortality that occurred after the survey and before the end of the year. 

Herd 
Female 
Adult 

Female 
Yrlng 

Female 
Total 

Lambs 
Male 
Adult 

Male 
Yrlng 

Male 
Total 

MC 
Population 

Year 
End 

Females 

Mortality 
post survey 

Notes 

Olancha 22 4 26 13 8 2 10 49 24 S280, S278  

Laurel 1 0 2 0 1 0 1 3 2 M352 

No observations in 
2019. In 2020 2 
adult females seen, 
so presumed 
present in 2019 

Big Arroyo 8 1 9 4 5 1 6 19 9 none 

Possible lamb mor-
tality because S287 
was seen without a 
lamb later in the 
summer 

Langley 18 1 19 5 14 3 17 41 17 S264, M178  

Williamsonw 14 0 14 4 5 0 5 23 14 none  

Baxter 46 10 56 15 28 5 33 104 53 
S439, M174, 

S531 

Summer count 
females and lambs; 
winter count males 

Sawmill 29 9 38 9 20 4 24 71 36 S326, M165, 

Censored females 
S165, S255 and 
male S393 prior to 
survey 

Bubbs 
(2018) 

4 1 5 4 2 1 3 12 5  No consistent 
annual surveys 

Taboose 3 1 4 2 5 1 6 12 4  

Females & lambs 
(identified as yrlngs) 
from May 2020; 
males from 2018 

Wheelerw 36 8 44 13 23 3 26 83 37 
S417, 6 

translocated 

Known poor count, 
only 6/12 female 
collars seen 

Convictw 4 2 6 3 2 0 2 11 6 none  

Cathedral 3 0 3 0 0 0 0 4 3 none 

Includes 1 unclass-
ified yrlng & female 
S365 but not Gibbs 
male S488 

Gibbs 19 3 22 9 16 3 19 50 20 S191, S145  

Warren 1 0 1 0 2 1 3 4 7  6 females 
translocated in 

Totals 208 40 249 81 131 24 155 486    

W Winter counts, other surveys conducted in summer 

During 2019, 13 of the 14 herds were counted from the ground (Appendix A). The only exception was 

Bubbs, where we considered our 2018 count to be a better estimate for the whole herd than our single 

summer observation. While most summer surveys were of high quality, the winter surveys at Baxter and 

Wheeler were quite poor because < 65% of collared females were seen. Notable reductions in herd size 

included Warren which decreased from 5 to 1 female, Cathedral which declined from 6 to 3 females, and 

Big Arroyo which dropped from 14 to 9 females. In the spring Warren received 6 females from Wheeler 

(Figure 1). The most notable increase occurred at Olancha which grew from 23 to 26 females making it 

the mosǘ ǎǳŎŎŜǎǎŦǳƭ ƻŦ ǘƘŜ άƴŜǿέ ƘŜǊŘǎ ǘƻ ŘŀǘŜΦ The 2019 distribution includes all 12 essential herds 
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identified in the Recovery Plan (Criteria B2, SNBS Recovery Plan 2007), and two non-essential herds (Bubbs 

and Cathedral, see Figure 2). 

 

Figure 4. Abundance and distribution of female Sierra bighorn across recovery units compared to downlisting goals. 

Collaring and Translocation Efforts 

Capturing Sierra bighorn provides the opportunity to determine body condition, pregnancy status, test 

for disease, measure genetic diversity, and deploy collars. Capturing animals is critical for translocations, 

and collaring animals enables us to monitor habitat use, disease risk, vital rates, and estimate herd size. 

Power analyses indicate we need to maintain collars on 35% of the female population in order to detect 

a 10% change in survival over 10 years (German 2010). We try to maintain this ratio for source herds with 

>20 females and in newly established herds. We focus capture and collaring efforts on females, as they 

tend to drive population dynamics. However, collared males can help identify patterns of habitat use and 

identify and quantify disease risk from contact with domestic sheep, so we also try to maintain some 

collars on males, particularly in herds near domestic sheep (e.g., Warren, Convict, and Wheeler). This 

spring we captured a total of 14 females from the Baxter, Sawmill, and Wheeler herds. 

In general capture and collaring activities were reduced in accordance with CDFW guidelines to minimize 

the potential to spread Coronavirus disease. However, on March 20, with a reduced capture crew, we 

were able to capture and translocate 6 females from Wheeler to Warren (Figures 1 and 2). This included 

4 pregnant adult females and 2 yearling females, one of which was pregnant. Translocated animals were 

captured from Pine Creek in Wheeler and released into Lundy Canyon at Warren. Augmentation of the 

Warren herd had been desired for many years but was delayed due to disease risk posed by the grazing 

of domestic sheep on Mono County properties. Following the removal of domestic sheep from Mono 

/ƻǳƴǘȅΩǎ Conway and Mattly allotments in 2017, the opportunity existed to augment the Warren herd. 

However, the severe winters of 2016-17 and 2018-19 delayed the decision to proceed with an 

augmentation. Mild conditions and minimal snow in spring 2020 provided suitable conditions for 

translocation. 

0 50 100 150 200
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On March 26, we captured an additional 8 adult females from Baxter and Sawmill. This included the re-

capture of Baxter female S223 who had sustained neck injuries from previous collars and was therefore 

released without any collars. The seven other captured animals had not been captured before. A camera 

collar was placed on Sawmill female S541, programmed to record for fifty minutes every day during the 

lambing season (April 16 ς May 31st) and drop off May 31st to detect birth, possible lamb predation events, 

and diet composition (Figure 5). All other animals were released with both a VHF and GPS collar.  

Figure 5. Spring 2020 camera collar images from Sawmill female S541 showing foraging on Eriogonum fasiculatum and interaction 

with another ewe. 

At year-end there were 107 marked females including 49 functional GPS collars and 81 functional VHF 

collars. For males, there were 45 marked males with 14 functional GPS collars and 31 functional VHF 

collars. The majority of collared Sierra bighorn have both a VHF and GPS collar. 

2019 Demographic Rates  

Here we report female population size (Figure 6) 

and estimated survival rates for collared animals 

and lambs (Figure 7) as well as observed ratios 

(Figure 8) for each herd. Notably, Olancha, which 

was initially re-established in 2013, is now the 

fourth largest herd. Olancha also had moderate to 

high survival rates and fecundity based on 

observed ratios. Due to small samples sizes, we are 

not able to calculate all vital rates for all herds and 

most estimates have large confidence intervals. 

This means that individual herd year vital rates 

should be interpreted cautiously.  

  

Figure 6. 2019 Reconstructed minimum counts of female Sierra 

bighorn. Bubbs herd count from 2018. 
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Figure 7. Collared female and lamb survival estimates by herd with 95% confidence intervals. Female survival estimated using 

Kaplan Meier and lamb survival estimated using age ratios.  

Figure 8. Observed ratios of lambs and yearlings (males and females combined) to adult females by herd. 

2019 Cause-Specific Mortality 

We detected 31 mortalities on 18 collared and 13 uncollared bighorn (Figure 9). The only cause of death 

identified this year was predation (N=20; Figure 10), the majority by mountain lion but also a single bobcat 

predation event on a collared female at Gibbs near Walker Lake. Uncollared animal mortalities are biased 

toward predation as cause because many are encountered by investigating collared lion clusters or by 

searching in areas of known high lion predation. We expect to detect higher collared female mortality 

because more females are collared, however as a proportion of collars present, the collared female 

mortality rate was 11% (12/107) and the collared male mortality rate was 13% (6/45). 


