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EXECUTIVE SUMMARY 
 
Peninsular bighorn sheep (Ovis canadensis nelsoni) inhabit the desert slopes of the Peninsular Ranges of southern 
California and extend into the mountains of Baja California in Mexico. The population within the Peninsular Ranges was 
listed as threatened in 1971 under the California Endangered Species Act. In 1974, the population was estimated at 1,171 
(Weaver 1975) but by 1996 the range-wide population estimate had declined to only 277 adult bighorn sheep (USFWS 
2000). Peninsular bighorn sheep (PBS) were listed by the U.S. Fish and Wildlife Service (USFWS) as a federally endangered 
population segment in 1998 (63 FR 13134). Reasons for this listing were: 1) habitat fragmentation, degradation, and 
habitat loss caused by urban and commercial development; 2) disease; 3) predation coinciding with low population 
numbers; 4) human disturbance; 5) insufficient lamb recruitment; 6) invasive and toxic nonnative plants; and 7) prolonged 
drought (USFWS 2000).    
 
Sustainable management and conservation of PBS hinges on reliable and consistent population estimates. Unfortunately, 
the current population status of PBS is unknown. The last range-wide population survey, conducted in 2016, estimated a 
stable population of 884 Peninsular bighorn sheep.  Population surveys were not conducted in 2018 or 2020 due to lack 
of helicopter availability and/or funding limitations. Therefore, it is unknown whether the range-wide population has 
remained stable, increased, or decreased since the 2016 surveys. Scientifically based population surveys are costly and 
without a dedicated funding source it will not be possible to determine if recovery goals are being met.     
 
Maintaining a representative sample of 25% to 30% radio-collared bighorn sheep in each recovery region is important for 
generating reliable mark-resight population estimates and accurately tracking trends in distribution and movement 
patterns, adult survivorship, cause-specific mortality, and overall health status. Unfortunately, due to on-going funding 
shortages, only 13% of the estimated range-wide ewe (female) population was radio-collared at the beginning of the 
current reporting period (June 1, 2020 ς May 31, 2021) and 18% at the end of the reporting period (based on 2016 
generalized ewe population survey estimate of 552). Therefore, all descriptive statistics presented for the current 
reporting period may not fully represent the greater PBS population. Consistent funding for every recovery region is 
needed before information on population status and dynamics can be accurately assessed.   
 
For the current reporting period, 14% of all active radio-collared bighorn sheep died with predation accounting for 7%, 
nonpredation 4%, urban related 2%, and unknown causes 1%. Most bighorn deaths due to mountain lion predation 
occurred in the southern portion of the Peninsular Ranges. Climate change took a toll on bighorn sheep with over half the 
deaths categorized as nonpredation due to lack of water during the summer months. Radio-collared deaths attributed to 
the urban environment were all due to vehicle collisions on Interstate 8 during the lamb-rearing season.  Also, there were 
a record 34 reports of non-collared bighorn sheep deaths. The leading cause of non-collared bighorn deaths was due to 

Photo1. View of Skull Valley in the Jacumba Wilderness looking east towards the border wall construction staging area  and access road in July 2020.  Lat: 32.630494° Long: -115.954621°
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the urban environment with the majority of the deaths due to vehicle collisions on Interstate 8 followed by Highway 74, 
and 3 death due to drowning in the Coachella Canal.  
 
Average survival of radio-collared ewes was 92% in the San Jacinto Mountains, 95% in the North Santa Rosa Mountains, 
and 89% in the Central Santa Rosa Mountains. Survival rates for the remainder of the recovery regions could not be 
calculated due to small sample size of radio-collared ewes. 

Respiratory disease in lambs has been a persistent problem in all recovery regions of the Peninsular Ranges. Evidence 
suggests that once pneumonia is introduced within a population, healthy periods are of short duration and persistently 
low recruitment rates below 30% may pose a significant obstacle in population recovery (Cassirer et al. 2013). In 2020, 
recruitment indices were well below 30% in the Tierra Blanca ewe group (10%), San Jacinto Mountains (11%), North Santa 
Rosa Mountains (16%), North San Ysidro Mountains (17%), and the Wild sub-ewe groups in the Central Santa Rosa 
Mountains (22%). In contrast, lamb recruitment was above 30% in the Urban sub-ewe group in the Central Santa Rosa 
Mountains and the In-Ko-Pah ewe group (52%). In general, long-term trends in survival and recruitment in the Peninsular 
Ranges has demonstrated that lamb survival indices below 65% portends recruitment indices below 30%. As such, 
recruitment in 2021 is predicted to be poor since lamb survival indices in 2021 were all well below 65%. Unfortunately, 
2020 recruitment and 2021 survival indices for Coyote Canyon and the South San Ysidro Mountains could not be obtained 
due to the low number of radio-collared ewes in these recovery regions during the reporting period.  

Since 2009, California Department of Fish and Wildlife has deployed Global Positioning System (GPS) radio-collars on 
female bighorn sheep to understand ewe group structure and seasonal movements within the Peninsular Ranges. Thus 
far, 19 ewe groups and/or sub-ewe groups have been identified within the Peninsular Ranges. Movement between ewe 
groups is common except between recovery regions 1 and 2 and between 8 and 9. During the current reporting period, 2 
ewes with GPS collars were documented moving from recovery region 1 into recovery region 2 on several occasions. And 
in 2018, data from a GPS-collared ewe documented the round-trip route between recovery regions 8 and 9.   Occurrence 
data demonstrates that PBS have shifted their habitat use to both higher and lower elevations outside of the revised 2009 
critical habitat designation most notably in recovery regions 4, 8 and 9. Based on documented structural changes to 
vegetation mainly at lower elevations but also at the higher elevations over the past 30 years (Hanston et al. 2021) 
concurrent with changes in habitat use by PBS since listing, USFWS critical habitat designation should be re-analyzed and 
adjusted to ensure that corridors and habitat currently occupied and unoccupied will be available in a changing climate. 
Research is needed to understand how climate change influences the health, survival, distribution, and abundance of PBS 
throughout the Peninsular Ranges in order to guide management decisions for recovery efforts.  
 
Presently, there is substantial genetic variation and gene flow among bighorn sheep populations within the Peninsular 
Ranges and across the U.S./Mexico Border indicating functional connectivity (Buchalski et al. 2015). However, connectivity 
between the U.S. and Mexico is threatened by the bollard fence that was built across 3 miles of PBS habitat within the 
Jacumba Wilderness in 2020. The barrier fence has cut-off a third of the movement corridors between the U.S. and Mexico 
and if completed it will eliminate the ability for PBS to reach vital resources between the two countries and eliminate gene 
flow. Interstate 8 and Highway 74 are major threats to connectivity and overpass structures are necessary if connectivity 
is to be maintained. Additional factors that may hinder recovery efforts range-wide are disease, climate change, the loss 
of natural water sources and the lack of regular maintenance for artificial water sources, reduction and fragmentation of 
bighorn sheep habitat, habitat modification due to invasive nonnative plants, bighorn sheep use of urban areas, and 
human related disturbance of essential sheep habitat especially during lamb-rearing season around the urban centers, 
recreational areas, and near the U.S./Mexico border. 
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 BACKGROUND 
 
Peninsular bighorn sheep (Ovis canadensis nelsoni) 
inhabiting the Peninsular Ranges of southern California 
are a federally listed endangered species. The California 
Department of Fish and Wildlife (CDFW) carries out 
population monitoring following guidelines set forth in 
the Recovery Plan and under USFWS Endangered Species 
Permit TE163017-1. This report summarizes PBS radio-
collar monitoring, disease surveillance, and cause-
specific mortality investigations undertaken by CDFW 
from 1 June 2020 to 31 May 2021.  
 
The Peninsular Mountain Ranges contain 9 designated 
bighorn sheep recovery regions occupying portions of 
southern Riverside, western Imperial, and eastern San 
Diego Counties (Map 1). The 9 recovery regions are: 1) 
San Jacinto Mountains (SJM), 2) Northern Santa Rosa 
Mountains (NSRM), 3) Central Santa Rosa Mountains 
(CSRM), 4) Southern Santa Rosa Mountains (SSRM), 5) 
Coyote Canyon (CoC), 6) Northern San Ysidro Mountains 
(NSYM), 7) Southern San Ysidro Mountains (SSYM), 8) 
Vallecito Mountains (VM), and 9) Carrizo Canyon (CC).  
 
All recovery regions combined contain approximately 
3,400 ǎǉǳŀǊŜ ƪƛƭƻƳŜǘŜǊǎ ƻŦ άŜǎǎŜƴǘƛŀƭέ t.{ ƘŀōƛǘŀǘΦ The 
USFWS Recovery Plan defines essential habitat as άǘƘƻǎŜ 
areas that provide bighorn sheep with the various 
physical and biological resources (e.g., space, food, 

water, cover) potentially needed for: 1) individual/population growth and movement, and 2) normal behavior with 
protection from disturbanceέ (USFWS 2000, p. 154).  

RECOVERY PROGRAM OVERVIEW 
 

Monitoring Activities 
 
Activities conducted during this reporting period were tied to recovery elements with the Recovery Plan.  Section II of the 
Recovery Pƭŀƴ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ƴŜŜŘ ǘƻ άLƴƛǘƛŀǘŜ ƻǊ ŎƻƴǘƛƴǳŜ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳƻƴƛǘƻǊ ŀƴŘ ƎǳƛŘŜ ǊŜŎƻǾŜǊȅ 
ŜŦŦƻǊǘǎέΦ aƻƴƛǘƻǊƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŎƻǾŜǊŜŘ ƛƴ ǎŜŎǘƛƻƴǎ LLΦ5ΦнΦм όaƻƴƛǘƻǊ ǇƻǇǳƭŀǘƛƻƴ ǎǘŀǘǳǎύΣ LLΦ5ΦнΦмΦн όaƻƴƛǘƻǊ ŘƛǎǘǊƛōǳǘƛƻn), 
and II.D.2.1.4 (Monitor survivorship and cause-specific mortality) of the Recovery Plan.  
 
CDFW monitored all Very High Frequency (VHF) and Global Positioning System (GPS) radio-collared bighorn sheep range-
wide using a combination of satellite, remote-download, and field monitoring. Monitoring efforts focused on the 
following: 1) radio-collared sheep status (alive/dead), 2) mortality investigations, 3) observations of sheep group 
composition, health, lamb recruitment and survival, and 4) spatial and temporal movements.  
 

CDFW Personnel 
 
Mr. Randy Botta, Senior Environmental Scientist (Specialist) CDFW South Coast Region, is the Endangered Species Permit 
(TE163017-1) Principal Officer and provides all notifications and reports to USFWS. Ms. Janene Colby, Environmental 
Scientist with the South Coast Region, is the bighorn sheep biologist for recovery regions 4-9. Ms. Erin Schaeffer, 

Peninsular Bighorn Sheep 

1 ςSan Jacinto Mountains ς168 km2

2 ςN. Santa Rosa Mountains ς194 km2

3 ςC. Santa Rosa Mountains ς257 km2

4 ςS. Santa Rosa Mountainsς562 km2

5 ςCoyote Canyonς250 km2

6 ςN. San Ysidro Mountains ς86 km2

7 ςS. San Ysidro Mountains ς117 km2

8 ςVallecito Mountains ς708 km2

9 ςCarrizo Canyonς866 km2

Recovery Regions
3,400 km2

1

2

9
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5
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7
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Environmental Scientist with the Inland Deserts Region is the bighorn sheep biologist for recovery regions 1-3.  Ms. Colby 
and Ms. Schaeffer are responsible for oversight of range-wide monitoring activities.  

RADIO-COLLAR STATUS  
 
The Recovery Plan recommends maintaining active radio-collars on approximately 25-30% of the PBS population within 
each recovery region. Maintaining a representative sample of radio-collared PBS is important for generating reliable mark-
resight population estimates and accurately tracking trends in distribution and movement patterns, adult survivorship, 
cause-specific mortality, and overall health status. The cost associated with radio-collars and capture operations are 
extremely high and it has become increasingly difficult for CDFW to procure funds on a consistent basis. Without 
consistent funding to maintain active radio-collars on minimally 25% of PBS within each recovery region each year, it will 
be impossible to accurately estimate population abundance and viability. With limited funding, CDFW has focused efforts 
on radio-collaring ewes since they are the reproductive base of the population.   
 
At the beginning of the reporting period (1 June 2020), the 9 recovery regions contained 77 (74F, 3M) active radio-collared 
bighorn sheep (Table 1). Over the reporting period, 60 radio-collars were added, 18 radio-collars either dropped off or 
became nonfunctional (censored), and 19 were lost due to mortalities. At the end of the reporting period (31 May 2021), 
there were 100 (97F, 3M) active radio-collared bighorn sheep. Range-wide, approximately 13% of the estimated ewe 
population was radio-collared at the beginning of the reporting period compared to 18% at the end of the reporting period 
(based on 2016 generalized ewe population survey estimate of 552). Currently, the percentage of radio-collared ewes in 
recovery regions 4 through 9 falls far below the recommended minimum of 25% (Table 1). Uneven distribution of radio-
collars across recovery regions is due to funding often being tied to specific areas only. On average, approximately 19% of 
radio-collars are lost each year due to deaths (13%) and collar failure or drop-off (6%); therefore, regular captures and 
collaring events are necessary to maintain a representative sample of marked animals. Additional radio-collars will be 
deployed in November 2021 in all recovery regions. 
 
Table 1. Distribution and number of active radio-collared female (F) and male (M) bighorn sheep within the 9 recovery regions during the 1-year reporting period 
beginning on 06/01/2020 and ending on 05/31/ 2021. Collar additions resulted from collaring activities in fall 2020. Collar losses were due to mortalities, pre-
programmed collar drops and radio-collars that became nonfunctional (Censored). ¢ƘŜ ŜǎǘƛƳŀǘŜŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŦŜƳŀƭŜǎΩ ǊŀŘƛƻ-collared (% F Collared) at the end of 
May 2021 is based on the generalized ewe (plus female yearlings) abundance estimate of 552 obtained from the 2016 helicopter survey. 

CAPTURE AND RADIO-COLLARING 
 
During this reporting period, CDFW managed capture activities while Leading Edge Aviation carried out helicopter captures 
under contract with CDFW. Captures were conducted from 26 October through 2 November 2020 on State, Federal and 
Tribal lands throughout the Peninsular Ranges within eastern San Diego, western Imperial, and western Riverside counties. 
Recovery regions where captures occurred included the SJM, NSRM, CSRM, VM, and CC. Helicopter capture was funded 
through CDFW South Coast Region Habitat Conservation Program, CDFW Big Game Fund Account, Federal Wildlife 
Restoration Act Grant G2098061, Coachella Valley Conservation Commission and USFWS Tribal Wildlife Grant funding.  
 
VHF and Iridium satellite GPS-collars (collectively referred to as radio-collars) were fitted to adult ewes in the targeted 
recovery regions to 1) maintain collars on approximately 25-30% of the ewe population for mark-resight population 

Category 
SJM  

F 
SJM  
M 

NSRM 
F 

CSRM 
F 

CSRM 
M 

SSRM 
F 

SSRM 
M 

CoC  
F 

CoC 
 M 

NSYM 
 F 

NSYM 
M 

SSYM 
F 

SSYM 
M 

VM 
 F 

VM 
 M 

CC 
 F 

CC  
M 

total  
F 

total 
M 

Active Collars 6/1/2020 5 1 12 7 0 9 0 1 0 5 0 4 0 16 0 15 2 74 3 

Additions  +8  +8 +12          +10  +22  +60  

Mortalities -1  -1 -2  -1    -1  -1  -7  -5  -19  

Censored -3  -9   -4          -2  -18  

Active Collars 5/31/ 21 9 1 10 17 0 4 0 1 0 4 0 3 0 19 0 30 2 97 3 

% F Collared 28%  36% 26%  7%  2%  14%  10%  19%  18%  18%  
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estimation, 2) define temporal and spatial movement patterns, 3) define ewe group structure and distribution, 4) 
determine causes of mortality, and 5) health screening. 
 
All bighorn sheep were captured by helicopter net-gun and processed at base camp by CDFW staff or field processed by 
Leading Edge Aviation. Processing included collecting blood and nasal swabs for health screening, assessing body 
condition, estimating age, placing radio-collars and ear tags, and photographing each sheep. CDFW biologists and Wildlife 
Health Lab support personnel managed a base camp near each capture zone for radio communications, coordinating 
capture activities, assigning radio-collars, and processing and storing biological samples.  
 
During the 7 days of capture, 60 ewes were fitted with radio-collars for the first time (Table 1) and 7 radio-collared ewes 
were recaptured and fitted with new radio-collars. Of the 67 ewes captured, 54 were deployed with satellite GPS collars 
and 13 with VHF collars. All radio-collared ewes were fitted with unique combinations of colored radio-collars and or ear 
tags to facilitate individual identification.  
 
The average age of captured ewes was 6 years, and all were in fair to good condition. No injuries to sheep occurred during 
the capture. Collared bighorn sheep were closely monitored on foot and via the internet, where applicable, for 45 days 
post-capture. All bighorn sheep survived except for 1 ewe in recovery region 3 which was killed by a mountain lion 2 days 
post-capture. 
 

POPULATION ABUNDANCE  
 
From 1996 to 2010, the range-wide PBS population steadily increased from an estimated 277 to 955 (Table 2).  While 
surveys are typically conducted biennially, they were not conducted in 2012, 2014, 2018 or 2020. The last range-wide 
population surveys were conducted in 2016 and estimated a stable range-wide PBS population of 884. The 2016 survey 
marked the first time since PBS were listed as an endangered species that 25 ewes or more were counted in each recovery 
region. As such, 2016 marked year 1 of 6 consecutive years in meeting criterion 1 in section II.B.2 for downlisting PBS from 
endangered to threatened status (USFWS 2000). Unfortunately, because surveys were not conducted in 2018 or 2020 due 
to lack of state-wide helicopter services and/or funding limitations, it is unknown if 25 ewes were maintained within each 
recovery region for the past 4 years. Currently, it is unknown whether the range-wide population has remained stable, 
increased, or decreased since the last survey; therefore, without regular population estimates it is not possible to 
assess if recovery goals are being met. 

CAUSE-SPECIFIC MORTALITY  
 
CDFW attempts to investigate all PBS mortalities in a timely manner to accurately assess cause of death and health status 
at time of death. When possible, a necropsy is performed, and tissue samples are collected for disease testing. The amount 
of subcutaneous and visceral fat, bone marrow color and texture, and condition of horns and teeth are used as indicators 
of health status at time of death. In 2006, CDFW developed a detailed protocol for mortality investigations and criteria for 
categorizing cause of death. Cause of death can be grouped into 5 general categories:  
 

1. Predation - primary cause of death is due to a predator (typically mountain lion and occasionally coyote). There 
are 3 levels of confidence within this category based on findings from the mortality investigation: 1) Predation 
(direct evidence of predation) 2) Probable predation (preponderance of indirect evidence of predation) 3) Possible 
predation (some indirect evidence of predation).  

2. Nonpredation - cause of death does not meet predation criteria and is attributed to other causes, such as age-
related diseases, pneumonia, injury, fall, dystocia, etcetera. If predation is ruled out but the cause of death cannot 
be discerned, it is categorized as nonpredation ς unknown. 

3. Unknown - cause of death cannot be determined due to scavenging of the carcass or advanced stage of 
decomposition. Predation versus nonpredation cannot be ruled out or in.  
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4. Capture-related - any death that occurs while a bighorn sheep is being captured or that occurs within the first 
month after capture. 

5. Urban-related - any cause of death associated with the urban environment such as vehicle collision, drowning, 
urban-related injury, or ingestion of poisonous plants. 

 
Table 2. Population abundance estimates (adult rams + adult ewes + yearlings) per Recovery Region (RR) for PBS from 1994 to 2016 based on helicopter surveys. 
Bighorn Institute (BI) conducted helicopter surveys in RR 1-4 from 1994-2008 and used a variety of statistical methods to generate population abundance estimates 
(Green italic numbers). CDFW conducted helicopter surveys in RR 5-9 from 1994-2008, and RR 1-9 in 2010 and 2016: population abundance estimates (blue bold 
ƴǳƳōŜǊǎύ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ /ƘŀǇƳŀƴΩǎ όмфрмύ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ tŜǘŜǊǎƻƴ ŜǎǘƛƳŀǘƻǊ ό{ŜōŜǊ мфунύ ǳƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ƴƻǘŜŘΦ 5ǳe to a lack of a CDFW helicopter 
contract and/or lack of funding, surveys were not conducted in 2012, 2014, 2018, or 2020. 

Recovery 
Region 

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 

RR 1 - San 
Jacinto Mtns. 

17 19 23 17 22 32 21 26 16 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

56 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 2 - N. Santa 
Rosa Mtns. 

a a 22 32 40 57 49 77 90 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

37 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 3 - C. Santa 
Rosa Mtns. 

117a 94a 72 53 115 
No 

Surveys 
163 122 133 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

119 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 4 - S. Santa 
Rosa Mtns. 

a a 35 51 84 
No 

Surveys 
179 155 149 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

83 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 5 - Coyote 
Canyon 

29 37 35 35 35 47 42 52 66 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

69 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 6 - N. San 
Ysidro Mtns. 

68 39 34 33 47 50 79 82 72 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

59 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 7 - S. San 
Ysidro Mtns. 

19 26 41 39 41 47 38 53 55 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

42 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 8 - 
Vallecito 

Mtns. 
29 28 45 64 155b 150b 77 123b 142 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

163 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 9 - Carrizo 
Canyon 

58 34 28 82 127 101b 145 186b 232 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

256 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

Total* 337 277 335 406 666 
Un-

known 
793 876 955 Unknown Unknown 884 Unknown Unknown 

       *This is the sum of recovery regions (Generalized) rather than a range-wide population abundance estimate. 
             aBI reported 1 helicopter survey estimate for all recovery regions combined (RR 2-4) in the Santa Rosa Mountains in 1994 and 1996. 
             bDue to the low proportion of radio-collared animals observed a "markless" population estimator was used. 
 

Radio-Collared Mortalities (Range-wide)  
 
Between 1 June 2020 and 31 May 2021 there were 19 radio-collared mortalities (Table 3). The number of mortalities listed 
in descending order by recovery region were VM = 7, CC = 5, CSRM = 2, SJM = 1, NSRM = 1, SSRM = 1, NSYM = 1, and SSYM 
= 1. Seven ewes were pregnant at the time of their death and 4 ewes were observed with a lamb at their side in the weeks 
prior to their deaths.  
 
Based on the 28-year average, 12.9% of all active radio-collared PBS die each year with predation (hereafter includes 
possible lion, probable lion and lion predation combined) accounting for 7.7%, unknown causes 2.4%, nonpredation 1.8%, 
capture related 0.5%, and urban related 0.4% (Figure 1). Over the current reporting period, 13.9% of all active radio-
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collared bighorn sheep died with predation accounting for 7.3%, unknown causes 0.7%, nonpredation 4.4%, capture 
related 0%, and urban related 1.5%. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Recovery 
Region 

Ewe Group or 
Sub-ewe Group 

Animal 
ID 

Sex 
Age 
(years) 

Mortality 
Date 

Mortality Cause 

1 SJM SJM 523 F Adult 3/8/2021 Pneumonia - presumptive 

2 NSRM NSRM 529 F Adult 12/28/2020 Lion Predation 

3 CSRM West 352 F 9 11/4/2020 Lion Predation 

3 CSRM Guadalupe 411 F 13 4/4/2021 Nonpredation - unknown 

4 SSRM Sheep Canyon 409 F 11 1/20/2021 Unknown 

6 NSYM NSYM 316 F 8 3/11/2021 Lion Predation 

7 SSYM SSYM 379 F 10 10/12/2020 Lion Predation 

8 VM Vallecito Mtns 327 F 9 9/5/2020 Nonpredation - dehydration 

8 VM Vallecito Mtns 460 F 12 9/6/2020 Nonpredation - dehydration 

8 VM Vallecito Mtns 320 F 13 9/21/2020 Nonpredation - dehydration 

8 VM Vallecito Mtns 328 F 18 11/23/2020 Lion Predation - probable 

8 VM Vallecito Mtns 323 F 15 1/20/2021 Lion Predation 

8 VM Sunset Mtn 377 F 11 12/6/2020 Lion Predation 

8 VM Fish Creek Mtns 326 F 13 4/11/2021 Nonpredation - unknown 

9 CC In-Ko-Pah 452 F 4 1/14/2021 Urban related - roadkill Interstate 8 

9 CC In-Ko-Pah 515 F 9 3/28/2021 Urban related - roadkill Interstate 8 

9 CC Tierra Blanca  500 F 4 3/9/2021 Lion Predation 

9 CC Carrizo Canyon 508 F 6 4/9/2021 Lion Predation 

9 CC Carrizo Canyon 511 F 10 5/21/2021 Lion Predation - possible 

Table 3. Cause of death for 19 active radio-collared bighorn sheep by recovery region within the Peninsular Ranges of Southern California from 
1 June 2020 to 31 May 2021. Ewe identifications (Animal ID) numbers in bold were pregnant at time of death and animal IDs underlined were 
observed with a lamb in the weeks prior to their deaths. Pneumonia ς presumptive means tissue samples were collected, and final lab results 
are pending,  
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Figure 1. Percentage of radio-collared PBS mortality (number of radio-collar deaths ÷ number of radio-collared sheep) due to predation, unknown, 
nonpredation, capture related, and urban related causes for all radio-collared PBS over 29 reporting periods. A reporting period is 12 months starting on 
June 1 of one year and ending 31 May of the following year. First reporting period: 1 June 1992 to 31 May 1993 (92-93). Current reporting period 29: 1 
June 2020 to 31 May 2021 (20-21).  
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According to the long-term data, predation risk is highest from December through March when most ewes are either 
pregnant or caring for a lamb (Figure 2).  The current reporting period followed a similar trend with all 10 predation deaths 
occurring between October and May (Table 3) and 7 of 10 ewes either pregnant or caring for a lamb at the time of death. 
Poor health, injuries, or age-related disease such as chronic sinusitis or tooth infections may increase the risk of predation. 
Most ewes that died due to predation were җ 8 years old with an average age of 9.6 years (n =10, age range 4-18 years, 
ƳŜŘƛŀƴ Ґ фΣ ƳƻŘŜ Ґ млύΦ !ǘ ǘƘŜ ǘƛƳŜ ƻŦ ŜǿŜ оноΩǎ ŘŜŀǘƘ ǎƘŜ ǿŀǎ мр ȅŜŀǊǎ ƻƭŘΣ ǇǊŜƎƴŀƴǘΣ ŀƴŘ ƘŀŘ ŀ ǎŜǾŜǊŜ ǘƻƻǘƘ ƛƴŦŜŎǘƛƻƴ 
with bony changes to the right side of the mandible. CSRM ewe 352 was assumed to be in good health prior to being killed 
by a lion a few days post-capture; however, capture myopathy or possibly an internal injury sustained during capture may 
have made her more vulnerable to predation. Likewise, poor health may have been a contributing factor in the predation 
death of NSYM ewe 316 who suffered from multiple bouts of respiratory distress over the years based on direct 
observations. Interestingly, ewe 316 was attacked by a mountain lion before dawn on a cliff above County Road S22. Both 
lion and ewe tumbled over the cliff and onto the road where a county worker driving around a blind turn almost ran into 
ǘƘŜƳΦ ¢ƘŜ ƭƛƻƴ ƧǳƳǇŜŘ ƻŦŦ ǘƘŜ ŜǿŜΩǎ ōŀŎƪ ŀƴŘ Ǌŀƴ ŀǿŀȅΦ ¢ƘŜ ŜǿŜ ǎǘƻƻŘ ōƭŜŜŘƛƴƎ ƻƴ ǘƘŜ ǎƛŘŜ ƻŦ ǘƘŜ ǊƻŀŘ ōŜŦƻǊŜ ƘŜŀŘƛƴƎ 
off the road as well. CDFW biologist J. Colby was contacted by the Highway Patrol and responded shortly after the attack. 
¢ƘŜ ƭƛƻƴ ŘƛŘ ƴƻǘ ǊŜǘǳǊƴΣ ŀƴŘ /ƻƭōȅ ǿƛǘƴŜǎǎŜŘ ǘƘŜ ŜǿŜΩǎ ŘŜŀǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀŦǘŜǊƴƻƻƴΦ .ŀǎŜŘ ƻƴ ǘƘŜ ƴŜŎǊƻǇǎȅ ŜȄŀƳƛƴŀǘƛƻƴΣ 
the ewe died of blunt force trauma to the abdominal cavity sustained in the fall from the cliff during the lion attack.  
 

 
 
The percentage of nonpredation deaths for the current reporting period was 2.4 times higher than the 28-year average. 
The cause of this sharp increase is largely due to the deaths of 3 radio-collared ewes that were attributed to dehydration 
(Table 3). The Vallecito Mountains ewe group, in recovery region 8, has become dependent upon an artificial water source 
(Whale Peak Guzzler) that was installed 30 years ago by Anza-Borrego Desert State Park. The guzzler system failed to store 
rain water over the Fall 2019/Spring 2020 rainy season because a broken pipe leading from the rain collection mat to the 
storage tanks went unnoticed. As a result, the guzzler went dry by mid-summer which led to the deaths of at least 3 ewes 
and 1 lamb within this ewe group.  Long-term drought conditions in the neighboring Fish Creek Mountains to the east of 
the Vallecito Mountains may have contributed to the death of ewe 326 as well. In the SJM, ewe 523 may have died of 
pneumonia based on the appearance of abnormal lung tissue and a thick nasal discharge at necropsy. Tissue samples 
collected at necropsy have been archived until funding is available for testing.  In the CSRM, ewe 411s death did not meet 
the criteria for predation but an exact cause could not be determined. Most ewes that died due to nonpredation causes 
were җ 9 years old with an average age of 11 years (n = 6, age range 6-13 years, median = 12.5, mode = 13). 
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Figure 2. Average monthly percentage of mortalities due to predation (n = 158) and due to all other causes combined (n = 107) for all radio-collared bighorn 
sheep (n = 2056) over 28 years (1 June 1993 to 31 May 2020).  
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5Ŝƭŀȅǎ ƛƴ ŘŜǘŜŎǘƛƴƎ ŀƴŘ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ŀ ǎƘŜŜǇΩǎ ŘŜŀǘƘ ǇǊŜǾŜƴǘǎ ŀƴ ŀŎŎǳǊŀǘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŎŀǳǎŜ ƻŦ ŘŜŀǘƘ ŘǳŜ ǘƻ 
extensive decomposition and/or scavenging of the carcass.  The percentage of unknown deaths was much lower than the 
28-year average due to quicker response times for mortality investigations over the current reporting period. Quick 
response times are mainly due to an increase in the number of satellite GPS collars fitted to bighorn sheep that can send 
text messages to biologists within 4 hours ŀŦǘŜǊ ŀ ǎƘŜŜǇΩǎ ŘŜŀǘƘΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ǘǿƻ ŦƛŜƭŘ ōƛƻƭƻƎƛǎǘǎ ǊŀǘƘŜǊ ǘƘŀƴ 
one to share the burden of mortality investigations which results in faster response times. Ewe 409 was not wearing a 
satellite collar and because the ewe died in a very remote location in the SSRM recovery region, the VHF signal was not 
detected on mortality mode until several months post-mortem resulting in an inability to assess if the cause of death was 
due to predation or nonpredation.  
 
The percentage of urban related deaths for the current reporting period was 1% higher than the 28-year average due to 
an increase in vehicle traffic on roads used as movement corridors by PBS. Ewe 452 was 4 years old, healthy, and pregnant 
when she was struck and killed while crossing the east-bound lanes of Interstate 8. Ewe 515 was 9 years old, healthy, and 
was observed with a 1-month-old lamb just days prior to being killed while crossing the east-bound lanes of Interstate 8. 
Both ewes were struck and killed in a common crossing area used during the lamb-rearing season.  
 

Non-collared Mortalities (Range-wide)  
 
Documentation and mortality investigations of non-collared bighorn deaths and/or injuries occur when discovered by 
CDFW personnel during field monitoring or when reported by the public or government agencies. These mortalities are 
not representative of the overall PBS population because they are found by chance alone and often by the public near 
urban centers. For instance, lambs with active pneumonia infections have been documented in every recovery region; 
however, most pneumonia-related deaths in lambs are documented in urban areas because they are more visible and 
easily found in comparison to sick lambs in very remote areas.  
 
For the current reporting period, there were 34 opportunistically found (33 non-collared and 1 nonfunctioning-collared) 
PBS deaths reported (Table 4). The urban environment was directly responsible for most of the reported deaths (38%) 
with 9 deaths due to vehicle collisions and 3 deaths due to drowning in the Coachella canal at PGA West in La Quinta.  
Interstate 8 and Highway 74 continue to be the deadliest roadways for PBS to cross within the Peninsular Ranges. On 
Interstate 8, 2 ewes and 2 rams were killed by vehicles while attempting to cross the Interstate. Including 2 radio-collared 
ewes killed by vehicles, a record number of 6 PBS were killed on Interstate 8 during the current reporting period.  On 
Highway 74, between recovery regions 2 and 3, a female lamb and 2 rams were killed while attempting to cross the 
highway during the spring of 2021. Lastly, 2 rams were killed when attempting to cross County Road S22 within recovery 
region 6 during the spring of 2021.  
 
The second highest cause of reported non-collared PBS deaths was attributed to predation (26%) with 5 deaths in recovery 
region 5, 2 deaths in recovery region 8, 1 death in recovery region 6, and 1 death in recovery region 1 (Table 4). In recovery 
region 5, 3 rams and 2 ewes were all killed by mountain lions near water sources between June and November 2020. 
Recovery Region 8 had the second highest predation rate with 2 lambs killed by a lion in April 2021 within the Lizard Wash 
ewe group. While mountain lion predation is common, documentation of coyote predation is rare. In July 2020, the 
skeletonized remains of a yearling ram was discovered in the yard of a Borrego Springs resident in July 2020. Based on 
bighorn sheep and coyote tracks found upon investigation, it appears the young ram had been chased by coyotes away 
ŦǊƻƳ ŜǎŎŀǇŜ ǘŜǊǊŀƛƴ ƭƻŎŀǘŜŘ п ƪƳ ǘƻ ǘƘŜ ǿŜǎǘ ƛƴǘƻ ǘƘŜ ŘŜǎŜǊǘ ŦƭŀǘǎΣ ǇƛƴƴŜŘ Řƻǿƴ ŀƭƻƴƎ ǘƘŜ ƘƻƳŜƻǿƴŜǊΩǎ ŦŜƴŎŜ ƭƛƴŜ ŀƴŘ 
killed and quickly consumed by coyotes.  
 
Fifteen percent of reported non-collared PBS deaths was attributed to pneumonia. In recovery region 2, a lamb was found 
dead in November 2020 at the Bighorn Country Club golf course. A necropsy exam indicated the 8-week-old lamb had a 
severe case of pneumonia, diarrhea, and contagious ecthyma. Of note, this lamb was born in September rather than during 
the typical lamb-rearing season of January through May. In the NSRM, an increasing number of lambs are being born 
outside of lamb-rearing season. This alarming trend might be due to ewes losing their lambs to pneumonia early in the 
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lamb rearing season which allow them to start estrus and become pregnant again before the end of May resulting in a fall 
to winter birth.   
 
Three PBS (lamb, ewe, and yearling ewe) were discovered dead in the same location in the Bear Creek area of the CSRM 
in March 2020. Predation was definitively ruled out, but the exact cause of death has not yet been determined (tissue 
samples have yet to be tested). A more likely cause is oleander poisoning. Oleander bushes are found within every nearby 
golf community in La Quinta, and if they were foraging on an oleander bush together, their deaths would coincide.  

 

Recovery Region General Location 
Mortality 
Date 

Age 
(Years) 

Sex Mortality Cause 

1 SJM Indian Canyon 12/15/2021 7 M Unknown 

1 SJM Skyline Trail 3/19/2021 6 M Lion Predation - possible 

2 NSRM Bighorn Country Club 11/8/2020 Lamb F Pneumonia  

2 NSRM S. of Cathedral City 12/5/2020 19 F Unknown (nonfunctioning collar) 

2 NSRM Art Smith Trail 3/21/2021 lamb F Pneumonia  

2 NSRM/3 CSRM Highway 74 3/28/2021 5 M Urban Related - roadkill 

2 NSRM/3 CSRM Highway 74 3/29/2021 4 M Urban Related - roadkill 

2 NSRM/3 CSRM Highway 74 5/5/2021 Lamb F Urban Related - roadkill 

3 CSRM PGA West 6/3/2020 Lamb M Pneumonia  

3 CSRM Coachella Canal at PGA West 6/29/2020 5 M Urban Related - drowned  

3 CSRM Bear Creek 3/5/2021 Yearling F Nonpredation - unknown 

3 CSRM Bear Creek 3/6/2021 9 F Nonpredation - unknown 

3 CSRM Bear Creek 3/8/2021 Lamb F Nonpredation - starvation 

3 CSRM PGA West 8/4/2020 Lamb F Urban Related - drowned 

3 CSRM Coachella Canal 8/4/2020 5 M Urban Related - drowned 

4 SSRM N. F. Palm Wash Tenaja 9/15/2020 15 F Drowned - assumed 

5 CoC Cougar Canyon 6/18/2020 7 M Lion Predation - possible 

5 CoC Lower Willows 7/7/2020 3 M Lion Predation 

5 CoC Lower Willows 7/8/2020 4 F Lion Predation 

5 CoC Lower Willows 7/9/2020 Yearling F Lion Predation 

5 CoC Cougar Canyon 11/10/2020 6 M Lion Predation 

6 NSYM Borrego Springs 7/9/2020 Yearling M Coyote Predation - probable 

6 NSYM County Road S22 2/4/2021 9 M Urban Related - roadkill 

6 NSYM County Road S22 4/10/2021 7 M Urban Related - roadkill 

8 VM Sentenac Canyon 7/15/2020 Lamb M Pneumonia - presumed 

8 VM Whale Peak Guzzler 9/5/2020 Lamb Unk Nonpredation ς assumed dehydration 

8 VM Sunset Mountain 10/5/2020 Lamb M Nonpredation ς presumed pneumonia 

8 VM Lizard Wash 4/18/2021 Lamb M Lion Predation 

8 VM Lizard Wash 4/18/2021 Lamb Unk Lion Predation 

9 CC Jacumba Wilderness 7/28/2020 Lamb M Nonpredation ς presumed dehydration 

9 CC Interstate 8 East bound 7/9/2020 7 M Urban Related - roadkill 

9 CC Interstate 8 East bound 11/25/2020 10 F Urban Related - roadkill 

9 CC Interstate 8 East bound 1/15/2021 3 M Urban Related - roadkill 

9 CC Interstate 8 East bound 3/17/2021 3 F Urban Related - roadkill 

Table 4. Cause of death for 33 non-collared and 1 nonfunctioning-collared bighorn sheep found opportunistically by recovery region within the Peninsular 
Ranges of Southern California from 1 June 2020 to 31 May 2021. All mortalities were investigated by CDFW.   
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This is the first reporting period that death attributed to dehydration has been documented for both non-collared (2 
lambs) and collared PBS (3 ewes). Climate change, lack of commitment to maintain artificial water sources by land 
managers, and a combination of human disturbance and habitat fragmentation have all resulted in PBS dying due to lack 
of water. Most notable was the death of a male lamb in the Jacumba Wilderness of recovery region 9. In July 2020, a male 
lamb became separated from its mother (dam) while they were attempting to cross from the US into Mexico through a 
border fence construction zone (Photo 2 and Title page photo). Ewes give birth to their lambs in the eastern portion of 
the Jacumba Wilderness and 
during the summer months they 
move into Mexico where there 
are more reliable water sources. 
Without the guidance from its 
dam or other bighorn, this lamb 
did not know where to obtain 
water and quickly became 
extremely dehydrated and 
lethargic. CDFW biologist J. Colby 
was called to the scene and was 
able to get the lamb to drink a 
few liters of water which quickly 
revived the lamb (Photo 3).  A 
temporary water station was set 
up near the construction zone 
for the lamb to utilize. After 3 
days, the lamb recuperated and 
wandered off. Unfortunately, 
the lamb was found dead, likely 
due to dehydration, a few weeks 
later near a construction road 9 km 
to the northwest.   
 

     

EWE SURVIVAL  
 
Radio-collared animals can be used to estimate survival rate within a population. 
Population viability is most sensitive to changes in ewe survival (Ruben et al. 
2002); therefore, it is crucial to have consistent representative samples of radio-
collared ewes in every recovery region to accurately track trends in survivorship. 
Without a consistent representative sample (e.g., the percent of collared ewes 
in the population is too small), it is not possible to discern which factors are 
influencing survival trends among regions and the radio-collared ewes can no 
longer be used as a reliable indicator of survival.  
 
For the current reporting period, average survival of radio-collared ewes was 
92.3% ± 14% in the SJM, 95.0% ± 10% in the NSRM, and 89.4% ± 13% in the CSRM 
(annual Kaplan-Meir survival rates reported as mean percent survival ± 95% 
Confidence Interval). Unfortunately, the percentage of radio-collared ewes was 
too low in Recovery Regions 4 ς 9 to accurately estimate ewe survival. 

LAMB SURVIVAL AND RECRUITMENT 
 
Respiratory disease has been a persistent problem in PBS across all recovery regions of the Peninsular Ranges. The 

Photo 2. Male lamb searching for water in the wet sand of a construction zone on the southwest side of Skull 
Valley next to the Mexico border. The lamb had become separated from its dam while attempting to cross through 
the construction site in order to reach summer water sources in Mexico.   

Photo 3. CDFW biologist gives thirsty lamb 
water at the border construction site. 

Photo by Scott Trageser
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bacterium Mycoplasma ovipneumoniae (M.ovi) has been identified as the primary pathogen associated with pneumonia 
in wild sheep populations throughout the western United States (Besser et al. 2008, and Besser et al. 2012). From 1999 to 
2015, approximately 51% of PBS range-wide tested positive for the presence of M.ovi (Washington Animal Disease 
Diagnostic Laboratory, unpublished data). Pneumonia can have devastating effects on wild sheep populations, including 
additive mortality in lambs leading to poor lamb survival and recruitment for many years after a disease outbreak. Lamb 
survival to weaning is one of the strongest demographic indicators of bighorn sheep population health and recruitment is 
a good predictor of population trend (Cassirer et al. 2017). Persistently low recruitment below 30% may pose a significant 
obstacle in population recovery (Cassirer et al. 2013).  

CDFW utilizes lamb:ewe ratios as an index of lamb survival (survival to ~ 3 to 5 months) and yearling:ewe ratios as an index 
of recruitment (survival to 1 year). Because pregnancy rates for radio-collared ewes are consistently high among all years, 
94% average from 2008-2021, lamb:ewe and yearling:ewe ratios serve as good proxies for lamb survival and recruitment.    
Lamb:ewe ratios and yearling:ewe ratios are based on group observations obtained during field monitoring of radio-
collared ewes.  Lamb survival and recruitment can drastically vary by season, year, ewe group and proximity to neighboring 
ewe groups; therefore, it is vital for these data to be collected consistently over time so trends can be detected.  

Lamb survival and recruitment data have been collected by CDFW since 2008 in the CoC, NSYM and SSYM recovery regions 
and was expanded to the In-Ko-Pah and Tierra Blanca ewe groups of Carrizo Canyon Recovery Region 9 in 2010 and 2014 
respectively (Table 5).  These efforts expanded to the SJM, NSRM, and CSRM as personnel and funding resources became 
available in subsequent years (Table 6). In the CSRM Recovery Region, lamb recruitment and survival indices are divided 
into 2 groups (Wild and Urban) based on different habitat use patterns. The Urban CSRM sub-ewe group forages almost 
exclusively year-round within the golf communities in the City of La Quinta whereas the Wild CSRM sub-ewe groups forage 
only on native vegetation outside of the urban environment.  

Lamb survival and recruitment indices continue to be highly variable among ewe groups and years (Tables 5 & 6). The 
factors influencing disease severity among ewe groups and years is not well understood but are likely a result of 
differences is in the number of infected and pathogen shedding ewes, the virulence and timing of pathogen introduction, 
and the exposure (contact) rates (Cassirer et al. 2013, and Plowright et al. 2013). Once disease is introduced into a 
population, infection is often maintained by asymptomatic carriers (Plowright et al. 2016, Cassirer et al. 2017). In the 
NSYM where lamb recruitment and survival data collection has been most consistent, recruitment has been well below 
30% in 10 out of the last 13 years. Interestingly, the only year where synchrony among ewe groups existed was in 2016 
when lamb survival and recruitment was high in all 7 ewe groups that observation data were obtained. For all years that 
both survival and recruitment data were available for ewe groups (n = 62), recruitment was >30% only 22 times. In general, 
wƘŜƴ ƭŀƳō ǎǳǊǾƛǾŀƭ ǿŀǎ җср҈Σ ƭŀƳō ǊŜŎǊǳƛǘƳŜƴǘ ǿŀǎ ƎƻƻŘ όҗ30%) and when lamb survival was below 65% lamb 
recruitment was poor (<30%). In all ewe groups that lamb survival has been below 65%, lambs with symptoms of 
pneumonia have been observed. Similarly, another study found that pneumonia-related mortality was identified 
whenever lamb survival was <50% (Cassirer et al. 2017). In the CoC, NSYM, and SSYM, where long-term data exists, the 
general trend is of chronically low lamb recruitment and survival interspersed by a few years of good recruitment. In the 
Tierra Blanca ewe group of Recovery Region 9, recruitment has been good in 3 out of 7 years but the general trend is of 
decreasing lamb survival and recruitment.  In the In-Ko-Pah ewe groups of recovery region 9, the long-term trend is more 
encouraging with recruitment above 30% in 6 out of 10 years. Not enough years of observation data have been 
consistently collected by CDFW in the SJM, NSRM, and CSRM to identify long-term trends in survival and recruitment; 
however, lambs with symptoms of pneumonia are observed each year in all 3 recovery regions and lamb mortality due to 
pneumonia has been documented in both the NSRM and CSRM.  

Recruitment of 2020 lambs to yearlings was well below 30% in the Tierra Blanca ewe group (10%), SJM (11%), NSRM (16%), 
NSYM (17%), and the Wild sub-ewe groups in the CSRM (22%) (Tables 5 & 6). In contrast, lamb recruitment was above 
30% in the Urban sub-ewe group in the CSRM and the In-Ko-Pah ewe group (52%). Lamb recruitment in 2021 is predicted 
to be poor since lamb survival indices in 2021 were all well below 65%. Unfortunately, 2020 recruitment and 2021 survival 
indices for Coyote Canyon and the SSYM could not be obtained due to the low number of radio-collared ewes in these 
Recovery Regions during the reporting period.  
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Environmental factors as well as ewe behavior may also contribute to asynchronous rates of pneumonia-induced mortality 
in lambs. In the Peninsular Ranges, pneumonia-induced mortality in lambs typically peaks when lambs are between 1 and 
3 months of age at a time when ewes and lambs are concentrated within nursery groups (Colby & Botta 2012). The density 
of ewes and lambs as well as the duration within nursery grounds is dependent on the quality and quantity of forage (J. 
Colby, CDFW unpublished data). During drought years, when forage conditions are poor, there is a low density of ewes 
and lambs for a short duration within nursery grounds which may decrease both the probability of the correct timing of 
pathogen introduction and the exposure rates to lambs. Reciprocally, during wet years, when forage conditions are good, 
there is a high density of ewes and lambs for a longer duration within nursery grounds which may increase both the 

Year 
CoC 

Survival 
CoC 

Recruited 
NSYM 

Survival 
NSYM 

Recruited 
SSYM 

Survival 
SSYM 

Recruited 
IKP-CC 

Survival 
IKP-CC 

Recruited 
TB-CC 

Survival 
TB-CC 

Recruited 

2008 66% 21% 43% 21% 64% 29% * *  *  *  

2009 51% 31% 30% 24% 41% 18% * *  *  *  

2010 37% 24% 14% 19% 61% 28% 79% 39% *  *  

2011 56% 4% 21% 3% 58% 17% 63% 20% * *  

2012 36% 7% 13% 13% 63% 38% 70% 45% *  *  

2013 26% 7% c20% 18% 93% b 51% 26% * 32% 

2014 25% 22% 38% 34% b 27% 10% 8% 17% 15% 

2015 35% 27% 19% 11% 47% 23% 86% 35% 70% 41% 

2016 73% 52% 66% 43% 94% 42% 75% 33% 67% 32% 

2017 a41% 24% 77% 34% 83% 32% b 26% 35% 33% 

2018 31% 18% 33% 22% 22% 11% 41% 13% 28% 21% 

2019 a43% 28% 20% 19% 5% 1% c67% 40% 57% 28% 

2020 29% b 24% 17% 20% b 67% 52% 11% 10% 

2021 b  42%  b  35%  40%  

Year 
Urban 
CSRM 

Survival 

Urban 
CSRM 

Recruited 

Wild 
CSRM 

Survival 

Wild 
CSRM 

Recruited 

NSRM 
Survival 

NSRM 
Recruited 

SJM 
Survival 

SJM 
Recruited 

2014 *  *  *  38% *  *  *  *  

2015 53% 11% 66% 36% *  *  *  *  

2016 86% 67% 65% a33% *  *  *  *  

2017 77% 19% 61% b *  *  *  *  

2018 83% *  38% 28% * 4% * 14% 

2019 *  b 29% b b 24% 4% 7% 

2020 47% 33% b 22% 17% 16% 13% 11% 

2021 43%  30%  53%  30%  

Table 5. Index of lamb survival to approximately 3 to 5 months old (Survival) and recruitment of lambs to yearlings (Recruited) in Coyote Canyon 
(CoC), North San Ysidro Mountains (NSYM), South San Ysidro Mountains (SSYM), and the In-Ko-Pah (IKP) and Tierra Blanca (TB) ewe groups within 
Carrizo Canyon (CC) recovery region. Lamb survival was calculated from lamb:ewe ratios from group observations obtained in the field from May-
June of the year lambs were born and paired with yearling:ewe ratios (recruited) from January - June of the following year.  For example, in 2020 
in NSYM, 24% of lambs survived to 4 months old (Survival), and only 17% were recruited to yearlings. Bold Blue numbers highliƎƘǘ ǊŜŎǊǳƛǘƳŜƴǘ җ 
ол҈Σ .ƻƭŘ ƎǊŜŜƴ ƴǳƳōŜǊǎ ƘƛƎƘƭƛƎƘǘ ǎǳǊǾƛǾŀƭ җ ср҈Σ Asterisk = data were not collected, a = Lamb:ewe ratio obtained from Anza-Borrego Desert 
State Park annual sheep count for CoC, b = due to low number of radio-collared ewes, not enough observation data were collected for an index, c 
= reassessed based on subsequent data.  

 

Table 6. Index of lamb survival to approximately 3 to 5 months old (Survival) and recruitment of lambs to yearlings (Recruited) in the Urban 
and Wild sub-ewe groups of the CSRM (Central Santa Rosa Mountains), the Northern Santa Rosa Mountains (NSRM), and the San Jacinto 
Mountains (SJM).  Lamb survival was calculated from lamb:ewe ratios from group observations obtained in the field from May-June of the 
year lambs were born and paired with yearling:ewe ratios (recruited) from January - June of the following year. For example, in 2020 in Urban 
sub-ewe group of CSRM, 47% of lambs survived to 4 months old (Survival), and 33% were recruited to yearlings. Bold Blue numbers highlight 
ǊŜŎǊǳƛǘƳŜƴǘ җ ол҈Σ .ƻƭŘ ƎǊŜŜƴ ƴǳƳōŜǊǎ ƘƛƎƘƭƛƎƘǘ ǎǳǊǾƛǾŀƭ җ ср҈Σ !ǎǘŜǊƛǎƪ Ґ Řŀǘŀ ǿŜre not collected, a = Lamb:ewe ratio changed due to 
previous reporting typo error, b = observation sample size too small to calculate survival/recruitment indices. 
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probability of the correct timing of pathogen introduction and exposure rates to lambs. Consistent, high quality forage 
conditions, such as those provided by golf courses, allow large numbers of ewes and lambs to concentrate within a very 
small area for prolonged periods of time and thus may facilitate the spread of disease to a larger percentage of the lambs 
within the nursery group. However, sick lambs that are able to have regular access to water and quality forage, and thus 
maintain their body weight, are more likely to survive a bout of pneumonia.  

In the NSYM, the 2021 lamb rearing season marked the first year that ewes brought their young lambs down to forage at 
the de Anza community and golf course within Borrego Springs. Throughout the lamb rearing season, up to 18 ewes and 
their lambs foraged each day at the golf course and surrounding community. Introduction of lambs to the urban 
environment marks a turning point in ewe behavior and habitat use after which the use of the urban environment 
increases significantly. Prior to 2021, lamb survival and recruitment indices for the two sub-ewe groups in the NSYM have 
been pooled since both groups spend a portion of the lamb-rearing season within the same area.  In 2021, lamb survival 
for the sub-ewe group that foraged at de Anza was 50% whereas lamb survival for the sub-ewe group that did not use de 
Anza was 17%: pooled lamb survival was 42%.  

 DISTRIBUTION AND MOVEMENT  
 
Since 2009, CDFW has deployed GPS collars on bighorn sheep 
range-wide to build a foundation of knowledge on the 
distribution, movement, and ewe group structure within the 
Peninsular Ranges. For this purpose, the GPS location data for 
each collared individual is analyzed and organized into 3 
seasons: summer (1 June ς August 31), pre-lambing (1 
September ς 31 December), and lamb-rearing (1 January ς 30 
May). Ewes with similar seasonal movement patterns, 
particularly during the lamb-rearing season, are grouped 
together to form an ewe group home range map that 
captures the most commonly shared areas. Ewes that display 
distinct movement patterns within these ewe groups are 
further classified into sub-ewe groups. Presently, there are 19 
ewe groups identified in the Peninsular Ranges (Map 2). 
Additionally, several sub-ewe groups have been identified 
within almost every ewe group. While the majority of ewes 
are philopatric (faithful to natal home range), GPS data 
reveals that movement between ewe groups, particularly 
during the lamb-rearing season, are much more common 
than previously identified (Rubin et al. 1998). Furthermore, a 
recent genetic study found that natal dispersal occurred 
within both sexes and that gene flow throughout the range is 
common (Buchalski et al. 2015).    
 

The 9 recovery regions encompass habitat that is considered essential for the recovery of PBS (USFWS 2000). The members 
of the recovery team, as well as other biologists with expert knowledge of PBS, selected essential habitat based on the 
physical and biological features that were known to be important to PBS. The recovery team understood that the data 
available at the time of listing was based on a low population with a limited number of radio-collared animals that did not 
represent the habitat use and movement of the entire herd. Furthermore, if the population were to reach recovery levels, 
a larger area that included connectivity between occupied patches would be needed. One of the most important purposes 
ƻŦ ƳŀǇǇƛƴƎ ŜǎǎŜƴǘƛŀƭ Ƙŀōƛǘŀǘ ǿŀǎ ǘƻ άƛŘŜƴǘƛŦȅ ǘƘƻǎŜ ƭŀƴŘǎ ƛƴ ƴŜŜŘ ƻŦ ǇǊƻǘŜŎtion, restoration, and management that are 
ŜǎǎŜƴǘƛŀƭ ǘƻ ōƛƎƘƻǊƴ ǎƘŜŜǇ ǊŜŎƻǾŜǊȅέ ό¦{C²{ нллл p. 153). Therefore, essential habitat encompassed all areas, occupied 
and unoccupied, that possessed the features essential for a self-sustaining population of PBS with a high probability for 
long-term survival (USFWS 2000).  
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While essential habitat described in the Recovery Plan serves as a guide for site-specific management actions needed to 
ōǊƛƴƎ ŀōƻǳǘ ǘƘŜ ǎǇŜŎƛŜǎΩ ǊŜŎƻǾŜǊȅΣ ŎǊƛǘƛŎŀƭ Ƙŀōƛǘŀǘ ŘŜǎƛƎƴŀǘƛƻƴ ƛǎ ŀ ǊŜƎǳƭŀǘƻǊȅ ŀŎǘƛƻƴ ǘƘŀǘ ƛŘŜƴǘƛŦƛŜǎ ǎǇŜŎƛŦƛŎ ŀǊŜŀǎ ǘƘŀǘ ŀǊe 
essential for tƘŜ ǎǇŜŎƛŜǎΩ ŎƻƴǎŜǊǾŀǘƛƻƴΦ hƴ CŜōǊǳŀǊȅ мΣ нллмΣ ¦{C²{ ǇǳōƭƛǎƘŜŘ ǘƘŜ Ŧƛƴŀƭ ǊǳƭŜ ŦƻǊ ŎǊƛǘƛŎŀƭ Ƙŀōƛǘŀǘ ŘŜǎƛƎƴŀǘƛƻƴ 
(66 FR 8650) that encompassed approximately 3,420 km2 of contiguous PBS habitat that largely represented the same 
footprint of essential habitat delineated in the Recovery Plan (Map 3A). Then on May 14, 2009, the Service revised the 
final rule (74 FR 17288) and eliminated approximately 55% of critical habitat to encompass 4 noncontiguous units totaling 
approximately 1,500 km2 (Map 3B). Justification for the change was based on revised methodology that used more specific 
habitat information and additional occurrence data that determined the areas removed did not contain the physical or 
biological features essential to the conservation of PBS. Corridors between the 4 revised critical habitat units were not 
included because the best available data at that time provided no specific information as to what areas were used for 
movement corridors between units. Additionally, USFWS removed critical habitat designation within areas of unit 1 and 
2A (Recovery Regions 1 & 2) because the area falls within the sovereign jurisdiction of the Agua Caliente Band of Cahuilla 
Indians (Tribe) and the land is already conserved under the Tribal Habitat Conservation Plan. While the majority of PBS 
habitat lies within other federal and state protected lands, this should not be cause for elimination from critical habitat 
status.  

  
Occurrence data obtained since 2009, clearly demonstrate that PBS have shifted their habitat use to both higher and lower 
elevations outside of the 2009 revised critical habitat but largely still within the 2001 critical habitat, most notably in 
Recovery Regions 4, 8 and 9 (Map 3C). Furthermore, there are now location data that shows specific movement corridors 
between all units. The 2009 revised critical habitat designation did not take into consideration how climate change may 
influence the distribution and movement of PBS. A recent study that examined 34 years of satellite data within the 
Peninsular Ranges demonstrated that decreases in precipitation and increases in temperature are responsible for a 

A CB

Map 3. Peninsular Bighorn Sheep (PBS) Occurrence Data & Critical Habitat
1988 ς2000 Occurrence Data 1988 ς2008 Occurrence Data 1988 ςMay 2021 Occurrence Data

2001 Critical Habitat 2009 Revised Critical Habitat 
(Units 1, 2A, 2B, 3) 

ACIR Tribal Lands

Unit 1 Unit 1

Unit 2A

Unit 3

Unit 2B

Unit 2A

Unit 2B

Unit 3
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significant decline in vegetation within the lower elevations of the study area (Hanston et al., 2021). Significant losses of 
vegetation translates to significant losses of forage which will require PBS to adjust their habitat use. Likewise, CDFW has 
documented that numerous natural water sources are no longer reliable particularly within Recovery Regions 4 and 8. In 
light of known structural changes to vegetation mainly at lower elevations but also at the higher elevations (Hanston et 
al. 2021) concurrent with changes in habitat use by PBS since listing, the USFWS should re-analyze and adjust the critical 
habitat designation to ensure that corridors and habitat currently occupied and unoccupied will be protected in a changing 
climate. Research comparing climate and vegetation data with PBS occurrence data over the past 20 years is needed to 
develop a predictive model that can be used to guide management decisions for recovery efforts.  
 
The following sections briefly describe ewe group home 
ranges for each recovery region based on cumulative data 
collected from GPS-collared ewes since 2009 to present. 
Ewe group home ranges described in this report only 
represent radio-collared ewes and do not represent all 
PBS habitat use, particularly that of rams, within each 
recovery region. Furthermore, GPS data has not been well 
represented spatially and temporally in some of the most 
remote recovery regions due to logistical constraints. 
Therefore, home ranges represented in this report should 
ōŜ ǾƛŜǿŜŘ ŀǎ ǘƘŜ άƳƛƴƛƳǳƳέ ŦƻƻǘǇǊƛƴǘ ƻŦ Ƙŀōƛǘŀǘ ǳǎŜΦ 
Consistent funding is needed so that a representative 
sample of both ewes and rams are fitted on a regular basis 
with GPS collars to provide a more complete picture of 
habitat use in a changing environment.  
 

San Jacinto Mountains Ewe Group ς Recovery 
Region 1  

Currently, the SJM ewe group home range is 
approximately 60 km2 and consists of 2 sub-ewe groups 
that share some lamb-rearing areas but in general use 
different water sources during the summer months at the 
north and south ends of the recovery region (Map 4). 

North SJM sub-ewe group 

The north SJM sub-ewe group home range encompasses 
approximately 28 km2 and extends from the south side of Tramway Road to Oswit Canyon. One radio-collared ewe (ewe 
522) in this sub-ewe group crossed Tramway Road in April 2021 and spent about 2 weeks on the north side of Leatherneck 
Ridge before returning to the north sub-ewe group (Map 5). This movement had not yet been documented via GPS collar 
data, although PBS utilized that area historically.   

South SJM sub-ewe group 

The south SJM sub-ewe group home range is approximately 41 km2 and extends from the north side of Tahquitz Canyon 
down to Palm Canyon. Two of the radio-collared ewes in the south sub-ŜǿŜ ƎǊƻǳǇ ǾŜƴǘǳǊŜŘ ōŜȅƻƴŘ ǘƘŜ ŜǿŜ ƎǊƻǳǇΩǎ ŎƻǊŜ 
home range and intermingled with the north sub-ewe group just south of the Tramway Road. One of these ewes (ewe 
520) also moved east into the NSRM and intermixed with the NSRM ewe group (Map 5). Two additional ewes (ewe 526 
and 432) similarly crossed Palm Canyon and ventured into the NSRM before returning to the SJM. This is the first time that 
ewes have been documented moving between the SJM and NSRM. This is significant because the 2009 USFWS revised 
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critical habitat designation for PBS did not 
maintain this connecting habitat due to 
the lack of evidence of movement 
corridors between the NSRM and SJM. 

Northern Santa Rosa Mountains Ewe 
Group ς Recovery Region 2  

Currently, the NSRM ewe group home 
range is approximately 73 km2 and consists 
of 2 sub-ewe groups (Map 6) that 
generally use different lamb-rearing areas 
and different water sources during the 
summer months at the north and south 
ends of the recovery region.    

North NSRM sub-ewe group 

The north NSRM sub-ewe group home 
range is approximately 44 km2 and extends 
from the mountains west of Cathedral City 
to Cahuilla Hills with core areas on the 
slopes surrounding Bradley and Magnesia Canyons. 
The radio-collared ewes in this group never ventured 
far from these core areas.   

South NSRM sub-ewe group 

The south sub-ewe group home range is 
approximately 40 km2 and extends from Bradley 
Canyon to Deep Canyon with core areas surrounding 
Dead Indian and Carrizo Canyons (Map 6). This south 
sub-ewe group (3 of the 4 radio-collared ewes) 
crossed Highway 74 to Deep Canyon (CSRM) more 
frequently and stayed for greater periods of time in 
2020 and 2021 than previous years (Map 7). With 
each passing year, the south sub-ewe group also 
increases their use of the Bighorn Golf Club course in 
Palm Desert, particularly during the summer and fall 
months.   

Central Santa Rosa Mountains Ewe Group ς 
Recovery Region 3 

The La Quinta ewe group, in the CSRM, is about 145 
km2 and consists of 3 sub-ewe groupsτ Guadalupe, 
West and Urban (Map 8).  

 

Map 5. GPS collar data are linked sequentially through time to demonstrate ewe 522 (north sub-ewe 
ƎǊƻǳǇύ ŀƴŘ ŜǿŜ рнлΩǎ όǎƻǳǘƘ ǎǳō-ewe group) approximate movements for the 2020-2021 reporting 
period. The connecting lines between GPS collar locations do not demonstrate the path traveled.  
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Guadalupe sub-ewe group 

The Guadalupe sub-ewe group home range is approximately 74 km2 and extends from the slopes just south of Tradition 
Golf Club to Agua Alta Canyon with the core area surrounding Guadalupe Canyon. GPS location data indicate that this sub-
ŜǿŜ ƎǊƻǳǇ ŘƻŜǎ ƴƻǘ ǳǎŜ ǘƘŜ ǳǊōŀƴ ƭŀƴŘǎŎŀǇŜ ŦƻǊ ŦƻǊŀƎŜ ƻǊ ǿŀǘŜǊ ŀƴŘ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άǿƛƭŘέ ǎǳō-ewe group (Map 8).  

West sub-ewe group 

The West sub-ewe group home range is approximately 84 km2 and extends from the west side of Highway 74 to Guadalupe 
Canyon with the core area surrounding Deep Canyon. Previously, radio-collared ewes in this sub-ewe group did not cross 
Highway 74 or utilize the urban landscape for resources. However, this year four newly collared ewes from the West sub-
ewe group regularly moved back and forth across Highway 74 between Deep Canyon and Carrizo Canyon (Map 8). One of 
these radio-collared ewes also began to spend time at Bighorn Golf Club.   

Urban sub-ewe group 

The Urban sub-ewe group home range is approximately 17 km2 and extends from the slopes above Tradition and SilverRock 
Golf Courses to The Quarry at La Quinta with core areas at PGA West Golf Course and community (Map 8). This sub-ewe 
group increased their use of Lake Cahuilla Regional Veterans Park during this reporting period. A radio-collared ewe was 
also documented spending time on Coral Mountain, although CDFW has received multiple reports from the public 
observing PBS on Coral Mountain in the past.  

Map 7. GPS location data from radio-collared ewes in the NSRM and 
CSRM that regularly crossed Highway 74 (thick, white line) and 
utilized the adjacent recovery region during the 2020-2021 reporting 
period.  
  

1

2

3

4

6

7

8

9

Mexico

5

U.S.

Peninsular Bighorn Sheep
Recovery Regions 1 - 9

Hwy 74

Agua Alta 
Canyon

Tradition

Bighorn Golf 
Club

Deep 
Canyon

32

PGA West
Carrizo 
Canyon

Toro 
Canyon

Bear 
Creek

Guadalupe 
Canyon

Map 8



 

pg. 19 
 

Southern Santa Rosa Mountains Ewe Groups 
ς Recovery Region 4 
 
The SSRM is the 3rd largest recovery region that 
contains 4 ewe groupsτSheep Canyon, Calcite, 
Villager, and Buck Ridge (Map 9). The recovery 
region is one of the least studied areas due to 
limited access points to reach PBS habitat. The 
terrain occupied by these ewe groups is diverse 
with the southeastern portion consisting of low 
elevation xeric badlands and the northwestern 
portion consisting of high elevation pinyon pines 
and junipers.  
 

Sheep Canyon Ewe Group 

 
The Sheep Canyon ewe group home range is 
approximately 134 km2 and extends 22 km from 
Toro Canyon to Barton Canyon (Map 9). The 
northern third of this ewe groupΩs home range 
extends across the dividing line between recovery 
regions 3 & 4; however, most of the home range 
lies within recovery region 4 with concentrated 
use between Martinez Canyon and Barton 
Canyon. This ewe group uses much lower 
elevation habitat compared to the other ewe 
groups in this recovery region with an average 
elevation use of 498 m (1633 ft). 
 
During the summer months, water is obtained 
from springs within Sheep Canyon and occasionally in the upper reaches of Martinez Canyon. Lamb-rearing season is 
concentrated on the northeast and southeast sides of Martinez Canyon.  
 
Our current understanding of this ewe group is based on just 5 GPS-collared ewes with collectively 5.2 years of GPS data 
from November 2015 through January 2021. Unfortunately, the last GPS collared ewe died in January 2021 and there are 
currently no plans to capture and radio-collar more ewes in this remote area.  
 

Calcite Ewe Group 
 
The Calcite ewe group home range is approximately 166 km2 and resides within the southeastern most area of recovery 
region 4 (Map 9). Average elevation used by this ewe group is 638 m (2093 ft).  
 
This ewe group does not demonstrate a high level of philopatry for nursery grounds, likely due to the scarcity of reliable 
high-quality vegetation. The most common areas that ewes gather during the lamb rearing season are on the eastern 
slopes between Wonderstone Wash and Palm Wash and the upper portion of Palo Verde Wash. This ewe group primarily 
utilizes the North Fork Palm Wash Tenaja, Wonderstone Seep, Rattlesnake Spring and Natural Rock Tanks as water 
sources. However, these natural water sources are no longer reliable due to prolonged drought conditions. As a result, 
the Calcite ewe group has steadily increased their use of higher elevation habitat each summer from an average of 445 m 
in 2017 to 739 m in 2020.  In the pre-lambing season, ewes typically move to low elevation habitat and push beyond the 
southern and eastern boundary of 2009 revised critical habitat.  
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Villager Ewe Group 

 
The Villager ewe group home range is approximately 70 km2 and straddles a ridgeline for 14 km from Rabbit Peak (2018 
m) to the desert floor at the mouth of Rattlesnake Canyon (Map 9). The home range for this ewe group is at higher 
elevation than any other ewe group in the Peninsular ranges with an average elevation of 1025 m (3363 ft).   
 
Lamb rearing habitat is on the southwest-facing slopes of Rattlesnake Ridge overlooking Clark Dry Lake. The slopes are 
extremely steep and rugged and are dotted with Pinyon Pines and Junipers at the upper elevations. This habitat is in stark 
contrast to the lower elevation and xeric habitat used during the lamb rearing season by the Calcite ewe group. 
 
The Villager and Calcite ewe groupsΩ home ranges overlap on the eastern side of Rattlesnake Canyon during the summer 
months when both ewe groups use Rattlesnake Springs. However, as Rattle Springs has become increasingly unreliable, 
the Villager ewe group has moved to higher elevation habitat on the northwest-facing slopes of Villager Peak.  
 
The 2009 revised critical habitat designation removed much of the high elevation habitat, particularly above 1400 m (4600 
ft), as it was thought to not contain the physical or biological features essential to the conservation of PBS. However, GPS 
data collected since 2009 indicates that high elevation habitat, especially during the summer months, is crucial to the 
survival of the Villager ewe group as well as the other ewe groups within recovery region 4 (Map 10).  

 

Buck Ridge Ewe Group 
 
The Buck Ridge ewe group home range is approximately 85 km2 and extends 19 km from Buck Ridge to the west-facing 
slopes below Rabbit Peak (Map 9). There is limited GPS data to inform us on detailed movements within this ewe group. 
The average elevation used by this ewe group is the second highest in the Peninsular Ranges at 965 m (3165 ft). For the 
current reporting period, there were no GPS-collared ewes and only 1 VHF-collared ewe in this area.  
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