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Figure 1 Remote camera image of Sierra bighorn walking through heavy smearsShepherd Creglkarch 21 2023.

Executive Summary

Record snowfall across the western United States during the winter of282amatically reduced ungulate populations

in multiple states. Wyoming and Utah experienced extensive2dieT & 2 F YdzZ S RSSNE LINRyYy 3IK
Sierra Nevada, bighorn sheep suffered severe losses, with approximately 55% of all adek fdyimay during the winter

and a yeaioveryear decline of about 35% in the ewe population, even after accounting for lamb recruitment into the
adult population in late spring anearly summer.

Snow water equivalent (SWE) in one southern Sierra snow course exceeded 400% of the April 1 average, while most s|
courses ranged between 200% and 300% of normal. Over the past 20 yearfuoniynters have exceedet’50% of
average SWE. Although heavy winters can significantly affect bighorn populations, mortality does not always increa
during such years. During the heavy snow wimtE2011, bighorn populations increased overall. Survival is influenced by
specific winter characteristics, including the timing of snow onset, the size of individual storms, the duration of break
between storms, and how long snowpack persists into sprinigiafs that generate extreme avalanche conditions are
the most detrimental to bighorn survivalhe frequency of extreme winte(5150%)s higher in the last ten years than

has been in the lass0, and milder winter conditions may have allowed bighpopulations to recover following big
winters historically

In 202223, nost bighorn females (N = 43 collared individuals) died directly from set@ated causes, primarily
avalanches or starvation. In addition, the extensive and persistent snowpack reduced the availability-eenaimter
ranges, increasing spatial overlamong bighorn, mule deer, and mountain lions and likely elevating predation risk (N =9
collared females). Mortality was nearly rangide, with one exception: the southernmost herd at Olancha, where the
population increased during this pedoAlthough large avalanches were observed on the flanks of Olancha Peak, this herd
unit receivel significantly less snow than any of the others because it is the farthest souttharidwest elevation.
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Despite the severity of the winter, Sierra bighorn demonstrated notable resilience, with herds persisting under extrem
environmental conditions.

During this challenging year, the Recovery Program invested substantial effort in locating surviving bighorn, investigati
mortalities, and monitoring mountain lions. A total of 72 collared bighorn mortalities were investigated across all 14 herec
units. h some herds, all or nearly all collared animals were lost, making ground surveys less efficient and mere labc
intensive, particularly when attempting to locate small groups across large herd Eifiiyssix bighorn were captured in
October 2022 and Malt2023 to support monitoring efforts.

Throughout the year, 32 mountain lions were collared or recollared, increasing our ability to detect predation events. Th
combination of intensified lion monitoring and increased spatial overlap between bighorn and lions resulted in the highes
detection of bighorn killed by mountain liort® date (N = 41, including males and females, collared and uncollared). A
comprehensive understanding of the geographic extent and magnitude of lion predation is essential for effective
management. Six lions known to gren bighorn were successfully translocated. Romtislocation survival of lions was
equal to or greater than that of netranslocated individuals, demonstrating our capacity to improve translocation
outcomes. Reducing predation on Sierra bighorn thraiagbeted lion translocation is an effective strategy that decreases
bighorn mortality while minimizing the need for lethal lion management.

The losses of 20223 represent a significant setback to Sierra bighorn recovery, effectively returning the population to
approximately its 2007 size and reversing some recent distribution gains achieved through reintroductions. Howeve
intensified lion management during @8-2010 along with the drought conditions of 262015, coincided with the most
rapid period of bighorn population growth through 20TFhis historysuggess that active lion management could again
facilitate a rapid population reboundndersuitableclimatic conditionsPredation and snowelated mortality remain the
leading causes of death for Sierra bighorn. Between 2005 and 2022, 86 collared females died due to lion predation, wh
115 died from snowelated causes, primarily avalanches and starvation. Smtatedlosses occur predominantly during
extreme winters with snowfall exceeding 150% of average and are more likely in herds that rely-efetaion winter
ranges.

Translocation of bighorn remains essential for recovery but presents challenges, particularly given that three of the pa
six winters have been extreme. Herds reintroduced since 2014 were translocated tsidesanges of the Sierra crest,
where snowpak is deeper and reduced wind limits snow scouring on alpine winter ranges. As a restdtevaiion
migration routes must be discovered and established, leading to longer migration distances. Thes@lavbsrds are
more difficult to reestablish, reqre larger numbers of translocation animals, and will likely need repeated augmentations.

We employ adaptive managemantearning by doing where scientific monitoring is integrated with management
actions to generate knowledge that improves future translocation outcomes. As climate change continues to alter Siert
Nevada landscapes, effective namgement of Sierra bighorn must remain flexible and responsive to these shifting
conditions.

Introduction: Record Snowfall

Snow, snowand more snow. The 2@23 winter was both wet and cold resulting in a deep and extensive snowpack
(NASA Earth Observatory 202%he snow water equivalent ranged from 439% of average in the southern Sierra Nevade
to 271% of average in the central Sierra Nevada. While interannual snowfall is generally high within the Sierra Neva
varying from 5e200% of averag@Halofsky et al. 2021}his was an exceptional wintéDepartment of Water Resources
2023) All measuring stations within Sierra bighorn habitat showed a clear spike in snow depth and snow water equivalel
(Figure2), with 11 moderate atmospheric rivers documented hitting the Sierra Nevada. Within the Sierra Nevada bighorr
range, this snowpack exceeded all previous estimates based on similar methods, except f@n®62urvey methods
have been updated since 1952, so thiay be animperfect comparison(NASA Earth Observatory 2028arts of the
OSYGNI f |yR &a2dzi KSNY { A S Ndich dmSiclly RlleviatédSpreidiRdsorghtfgenditions r
produced a massive snowpaBW3E 2023)
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Figure2. Snow depth from weather stations near Sierra bighorn populatiottys:{/cdec.water.ca.goy, 20052023 * Represents >150% of average
values.

Most western states reported snow water equivalent far above average with a corresponding high ungulate nblitality
2024) Wyoming reported mule deer mortality ~50% in some headsl Utah projected deer mortality from 380% and
implemented emergency deer feeding progra(ttll 2024) The incredible snowpack likely contributed to the arrival of a
wolverine in the Sierra Nevada that was repeatedly photographed by skiers from Big Pine to TuaoliMage023CDFW
internal communication)The last time a wolverine was seen in the Sierra Nevada was iR220@9when a lone wolverine
established territory near Lake Taha@ad prior to that none had been documented for 86 ye@voriarty et al. 2009)
Sierra bighorn were also documented using novel habitat this wilikety in response to snowpack that was much deeper
and more extensive, notably covering more and persisting at lower east side elevations than (Bipgieas 1 and3).
Unfortunately, Sierrdighorn mortality rates were alsbigherand more extensive (Figude Tablel), similar to ungulate
mortality rates documented throughout the west

Although temperature is predicted to increase, there is considerable uncertainty as to how precipitation will change in th
Sierra NevadéPolade et al. 2017, Dettinger et al. 2018, Halofsky et al. 20drshall et al(2024)note that snow deluges,

like 202223, are a 1 in 54 year everdgnd modeling indicates events of that magnitude will become less likely in the
FdzidzNB > +Ff 0 K2dzZAK GKAA LINBRAOUOUAZ2Y R2Sa y20 K2fR FT2NJ GF
and extreme precipitation is particularly robust ovelr f A F(RoMde®tlalé201Y) ' yR G KIF G aOGKS | Y2
from the largest storms, including atmospheric rivers, is expected to increase by 5 to 30 percent compared to historic
LJS NJ gDRttihger et al. 2018)although these large storms may not necessarily increase the overall annual snowpack
and some models show increased precipitation more likely in the northern Sierra N@gvaldésky et al. 2021)


http://cdec.water.ca.gov/
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Figure 3 The snowcovered Mono Lake Valley taken from the air on March 31, 2023, displaying the extensive snowpack that continued into spring
in the eastern Sierra. Photo credit Trevor Johnson.

Thisreport summarizes the activities of the Sierra Nevada Bighorn Sheep Recovery Program (hereafter Recovery Progr:
from May 1, 2022 April 30, 2023Survey and mortality data through the summer of 2023 is included in order to describe
the impact of the winter 0f2022-23. A brief background on Sierra bighorn and the Recovery Program is provided in
Appendix Balong with data analysis methadSata and summaries in this report are preliminary and subject to change
contingent upon further interpretationanalyses and review.
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Figure4. Sierra bighorn herds with numeric losses based on consecutive minimum counts (N=) and proportional losses based emat#ia(eddlarea) for the three most recent snowy
winters. This map should not be directly compatedrigure20 as thesesymbols represent ongollaredfemales with symbol sizealed proportionally

Population Monitoring and Recovery Goals

Prior to winter, the Sierrdighorn populationremained steady following a rebounding trend subsequent tod&elinesthat occurred during theseverewinters
of 201617 and 201819 (Table 1aAppendix A From summer counts, we estimated there were 585 Sierra bighorn including 272 females, 132alainds
projected 181 males (based on a 2:3 male:female ratio; Appendix B). This is very similar to our count the previebihdacluded 277 females and 128 lambs.
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However, the 202-23 winter was the snowiest winter on record causing the highest ramigie mortality recorded for Sierra bighorn. We estim#tere were
150 female mortalities55% of our minimum cour{Table 1 and’able 1h Appendix A Based on summer counts in 2023, which include losses from tH2202
winter in combination with recruitment from the lamb class, we estimaté Sierra bighorn remain, including 173 femak®lambs and 115males (ratio estimate
for males Table 1b Appendix A Countsduring 2022 and 2023ndicate that there was a 35% decline in the population of femafesr new recruitment is
incorporated

Tablel. Estimates ofemale Sierra bighorn mortality in the winter November2022- April 30, 2023. Collar ratio estimates of mortality calculated as [% collared mortality]*[ M@iipter]
summed across herds. Minimum Count (MC) estimates of mortality calculated as: [M@ntedgt([MC prewinter])+0.5 * [lambs MC pravinter]). Herds tghlighted in red suffered larger losses,
while those highlighted in orange suffered moderate losses.

# llared MC pre Lambs MC pre,  Season Est % # Qollared % Collared Mortality Projected MC post | Season Mortality Mortality
Herd November - ) ) ) ; - rate est
winter winter Year collared Mortality Mortality from ratios Total winter Year from MC
2022 from MC
Spring Summer
Olancha 9 20 16 2023 0.45 0 0.00 0 28 35 2023 -7 -0.25

Langley 5 e 8 S;g';;r 0.22 3 0.60 14 o 13 S;Om;;’ 14 0.52
Williamson 9 26 10 S:g‘;;r 0.35 8 0.89 23 15 6 S;g‘;;’ 9 0.60
Baxter 15 50 24 Slz’g';zer 0.30 2 0.13 7 62 47 S;g'z";r 15 0.24
Sawmil 11 37 15 Sgg'z‘“;r 0.30 9 0.82 30 45 24 S;g?;r 21 0.46

Sunmer

e |
E=IEN
NN

Warren 9 13 2 0.69 5 0.56 7 14 8 6 0.43

Totals 103 272 133 0.38 60 0.58 151 308 164 150 0.49
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Within the animal year, some herds are counted in summer before winter mortality, and others are counted during the
winter after some mortality has occurred. Therefore, we cannot directly compare the population estimate from one
animal year to the next tdetermine the impact from winter. Instead, we use two different methods: one based on the
proportion of collared females per herd, and the other based on minimum counts (MC) before and after winter (combining
data from multiple years; Table 1). Based oe tollar ratio of females in each herd and the known collared female
mortality, we calculated 151 females died (Table 1, Mortality from Ratios). Using minimum counts before and after wintel
we calculated 150 females died (Table 1, Mortality from MC)oéljh there is variation between these estimates at the
herd level, the rangevide similarity supports an estimate of 150 female mortalities, or 55% of known females (Table 1).

We are still in the process of determining the distributional losses from the winter &282ut data at this time indicate

the Kern Recovery Unit (both Big Arroyo and Laurel herds) suffered major,lasgdeso females have been observed
within these herd units for two yeaf3able 1)although in 2025 we discoveredraunique individual males (through fecal
genotyping using the Big Arroyo areAdditionally,two females have been observed on the BorBlateau between
Laurel and Langley on the easdesof the Kern River. If these are Laurel animals, they would be descendants of the first
Laurel translocation in 2013\l animals translocated into Laurel in 2022 are confirmed dead because they were collared.
No females have been observed at Cathedral, although an individual of unidentified sex was caught on dashevaig

of 2024

Without collared females imanyherds, it is possible that uncollared fematemain buthave not yet been detectedror
example, here were no females detected in Convict or Taboose for the first yearth&@022-23 winter, but some were
detected in 20241t is possible animals emigrated into these hartts, but it is more probable that these uncollared
animals went undetecteds finding a small number of uncollared sheep in a largais challenging.

With the exception oDlancha, all herds declined time 2022 animal yearand only Baxter has >40 females, a guideline
that we use for a herd to be considered a source for translocatf@st source herds Wheeler and Sawmill have <30
females and Langley has only 13 females. In sharp contrast, Olancha increase ito Z®femalesand becamethe
second largest herd (FiguB. Laurel, Big Arroycand Cathedral were reintroduced in 2014 and 20I&boose was a
natural expansion from Sawmiind Convict was a natural expansioom Wheeler that was later augmented. All of these
small herds had <10 females in 2022 of 2022ywe are below recovery goals for every recovery unit (Figire
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Figure5. Reconstructed minimum counts of female Sierghorn in 2022 (left) and 2023 (right) representoayintsbefore and after the big winter
of 2022-23. Herds are arranged from largest to smalleshimum counin both graphs, and herd order changes between the years.
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Figure6. Abundance and distribution of female Sierra bighorn across Recovery Units compared to downlisting goals for 2022 and 2023.

2022 Demographic Rates

Unfortunately, the substantial snowfall brought record losses with the biggest numeric and proportional losses the
Recovery Program haverdocumented; both female (0.46) and lamb (0.27) survival were the lowest observed (Figures
7-9). The Sierra bighorn population experienced a growth rate of 0.67, dropping from 272 to 173 females. We estimat
150 females died, or®46 (Tablel), and the lamb:ewe ratio following the winter was low at 0.42ha 2023animal yeay

but it was within the range previously obrsed (0.210.66).
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1.004 ® 1.00
[

0.75+ 0.754
g ®
5 [ )
P & s herdtype
2 0504 L @ @& new
g . o 0.50 L ] s & other
E E @ source
g s L B W
¥

0.254 [ ] 0.254

[ ]
® ®
0.00+ s 8 8 0.00 s @
J ! ' ) : ) -I\ I(\ | : ! I\ ' I\ AN "y
@gﬂaisé (\‘\5\%@@\@&‘&\@6\&@ & é’%‘\’oﬁ \@0@)@ & @6\ @060&%6?&@@ e"“\@c,@o ‘:{b@\&%@\@o & é‘\é@é &
> . it -
I & AF G;‘:'\\\\& o _\Qv \,/\.590,5%‘ R RS \9,\\\\'2-&?*0,} VP
) & @
Herd Herd

Figure7. CollaredSierra bighorriemale and lamb survival with 95% confidence intervals, for herdsawvidast3 collared femaleg 2022 Female
survival estimated using Kaplan Meier, and lamb survival estimated using age Irfgids. are arranged from largest to smalleatuein both
graphs.
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In general, larger herds tended torébetter, while smaller herds were vulnerable to extirpation (FigbxeCollared female survival ranged from 100% to 0%
between herds and lamb survival from 60% to 0%. Bubbs had the highest s(bwihis was determined from only 3 femajefollowed by Baxter and Olancha
(Figure?). The lamb:ewe ratio dropped between 2022 and 2023, partly driven by the loss of four small herds that had high lamlng\we2622 (Figur&0).
The yearling:ewe ratio also declinbdtween 202 and 203, but the patternamongthe herds was less clear (Figu@).
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Figure8. Minimum counts for female Sierra bighorn 192922. Herd counts do not show the complete impacts of a given winter because some herds are counted in sumimer (pnpac),
and some are counted in spring (peghter impact). Thsedata include the best count for each herd amimal year.
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Figure9. Longterm and rangewide female Sierra bighorn population estimates and vital rates, -P@22; winters with >150% average snow are highlighted in.blue
a) Total female population estimate (solid black line) and collared females (dashed black line).
b) Lambda calculated from eigenvalues derived from vital régekd black lineand lambda from minimum counts (dashigldckline). Averages shown in yellow and dashed yellow,
respectively. Red line at 1 differentiates growing vs. declining population.
c) Adult female survival (black line) and lamb to yearling survival (orange line) with 95% confidence intervals. Averdmssimdyagbtted yellow respectively.
d) Lamb:ewe ratios as a measure of fecundity; legn average in yellow.
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Figure D. Observed ratios ddierra bighorrambs andyearlings(males and females combined) to adult females by herd in 2022 (left) and 2023
(right). Herds are arranged from largest to smalleatuein both graphs, and herd order changes between the years.

Rangewide CauseYpecific Mortality

The majority (~75%) of collared female mortality during this winter was caused by snow through avalanche or starvatic
(Figurello ® Ly ( s/R% ENDMINNT X Adie Ay Of dzRSa FyAYlrfa GKFG RASR
starvation. It is often difficult to distinguish avalanche from starvation mortality because these deaths cannot be
investigated until thearea is safelyaccessible, and by that time the carcass is often scavenged or only collars remain.
However, with GPS collars and\dual flights we can deduce the cause as smelated when we know the location, time
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and snowpack conditiong his year we identified 16 avalanche deaths and 6 starvation deaths, but for 21 additional
Gay26é RSIGKAS 68 6SNB dzytoft$S (G2 RAAGAYIdAAK 6S5G68Sy
Collared females represent our strongest dataset because our captures are designed to target 30% of females in e:
herd, so these collars represent a high proportion and wide distribution throughout the Sierra. This year 43 collare
females died from snow and 9 from lion predation (Figur®. Additionally, on@animaldied from physical injury2 while

giving birth,and 5 from unknown cause. Throughout the year, most animals died in the winter, with some in the fall anc
spring mortality was geographicallyidespreadoccurring in all 14 herd$&JsingGPS collaactivity data we wereable to
pinpointthe time of death for a collar that went on and off mortalitys winter(Figurel?2). In this case the mortality date

for S610F was determined to be March 22, 2023 (pnsim. Rankins 2025).

We identified goreviously undocumentedause of death this yeatwo females appeared to have died while giving birth.
These occurred in Ma®022 prior to the severe winterin Gibbs and Convicand one female had notably poor body
condition. In addition Convict ewe S526F was found dead on April 19, 2023 with her lamb beside her (Figure 13). W
believe the lamb and ewe both died of starvation, indicated by the lack of fat stores and forage available during heax
snowpack. According to her collar, S526¢d on March 29, which is very early for a lamb to be born, but the lamb had
no umbilicus attached and there were no signs of birthing complications found.

This year a total of 138 mortalities were detected, including 42 lion kills (23 females, 12 males, and 7 unknown sex). Ll
clusters from 10 different mountain lions were used to identify 35 of these mortaldiemonstrating the importance of
having lions collared that use Sierra bighorn habighile collared female mortality is the best metric to determine the
proportional importance of different causes of mortality, we also report the total number of anitetdsted to bekilled

by mountain lionsThis includes all collared (13) and uncollared (29) bighorn mortalities identified. Uncollared bighorn
mortalities may be detected through collared lion clusters or opportunistically encountered, often near past lion kill sites
so they tend to overrepresent lion predatiowheeler experienced the loss of 18 bighorn due to lion predation, making

it the second worst loss of predation in a single year following Langley in 2016.

The overall nature of mortality by weather and predation can be characterized as acwecf@rmortalityand chronic

for lion predation Extreme weather events happen sporadically, while some level of predation is constant, although
predation episodes can create high mortality locéilprtality that is directly related to snow is caused by avalanche and
starvation andthese deathgend to occur when bighorn sheep are using high elevation hathitahgwinters with heavy

snow @lthough two avalanche mortalities were detected this yatlower elevation, £,000 ft. in Pine Cre¢kPredation
occurs during most wintersut doessometimes take the form of extreme predation epissdeften correlated with lion
densities(Gammons et al. 2021)ion predationhas been documented yeaound at high elevation$>11,000f) when

these areasvere accessibleSevere winters may trigger episodes of high predation by concentrating bighorn sheep and
lions on limited snowree low elevation winter ranges.
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Mortality by Season Composition
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Figure11. Collared female Sierra bighorn mortality 20051 11 6& OF dzaS 2F RSIFGK FyR KSNR® ¢KS OGS
starvation during winter and spring. The number of mortalities (left) is influenced by the number of collared femalgsratiengiwhich trends

with the overall population size. The number of herds has increased with time. Graphs do not include censored animatisdiecause and date

of death are unknown. Mortality cause includes those reclassified in @@ r2@iew(Stephenson et al. 2022).
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Figurel2. Activity data from an accelerometer on the collaSiérra bighorr561F-was used t@inpoint herprecisedate of deathas March 22,
2023 She was killed byiountain lion predatiopand novementsafter her deathare likelyfrom scavenging.

Figurel3. Starvationassociated mortalitypf Sierra bighor$526F detected after the big winter of 2023in ConvictS526F died March 29, 2023
and was found with her lamb beside her. We concluded S526F died of starvation, due to her lack of fat stores and #vailatheoforage during
heavy snowpackhoto crediEizabeth Siemion April 19, 2023
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Snowy Winter Impactg reviewing201617,201819, and2022-23

Heavy snow years increase mortality of Sierra bigh&mow directly produces avalanches in steep terrain thag kill
bighorn and indirectly snowburies forage, delays forage growth, or increases the cost of travel leading to starvation.
Furthermore, snow indirectly increases predation by concentrating bighorn sheep on low elevation winter, ranges
increasing their vulnerabiliBetween 206-2022 we documentedO0 collared female mortalities from predation and3.1

from snow(Table 2).

Table2. Mortality of collared Sierra bighorn femaldday 1,2005- April 30,2022. All snow starvation mortalities occurred in the months between
January and April. Capture mortalities and censored aniaralsot included.

Cause obDeath Definition NumberObserved
Snow Total Died of snowrelated causes broken up below 115

Died of snowrelated causes, including
Snow Unclassifiec avalanche, starvation, and hypothermia, but 53
unable to differentiate the cause

Snow Avalanche Died in a snow avalanche 40
Indicated by lack of fat reserves and/or poor

Snow Starvation ;. 22
bone marrow condition
Lion Predation Killed by a mountain lion 86
Unknown Cause of death could not be determined 60
Injury Digd as a result of physical injury, includ_ing 16
fallingin steep terrainandrock fals and slides
Other Predator Killed by a bobcat or coyote 4
Birth Died while giving birth 2
Total 283

Although big winters are less frequent than average or dry years, theraigifewide mortality during these years is
having a significant impact on the overall population trajectfifigure 14)The Recoveryrogram documented large
losses including ~150 females &6 in 202-23, ~100 females or 33%2016:17 and ~75 females or 25%201819. The
majority of the mortality during these winters wasiowrelated (avalanche and starvation combined), although it also
includes predation mortality and notably an extreme predation event at Langley in 2@ititionally, it is important to
consicer that lions have been managed through translocation and remexaluding2012-2015when there was a hiatus
on lion managementand therefore these documented predation rates are lower tliagy would beif predators were
unmanaged.Unlike many ungulates that tend to have consistent and high survival rates, Sierra bighorn survival swing
dramatically from nearly 100% to <50% with snowpack clearly havimgpact (Figure panel c) How the snowpack may
be affecting recruitment is lesdear (Figure panel d),although the lamb:ewe ratio is lower in the year following a severe
winter (Figures 9 and 10)

This year, maller herds were more vulnerable to larger proportional losses and even localized extiyettids larger
herds tended to persist, but some suffered large numeric losses (Tablgure 5 andB). Some herds showed consistent
reductions in survival in response to snowy winters that were either severe (Big Arroyo, Laurel, Cadhddahvict) or
more moderate (Sawmill and Wheeler). In contrast, Baxter has consistently been robust to snowy, &itde®dancha
has thrived during these wints. Baxter is the largest original herahd Olancha was restablished in 2013lancha was
the only herd that grew during the 2@3/ear. Most animals in both of these herds tend to make use of the extensive
lower elevation winter habitat available to themwvhich likely allows them to have highsurvival during big winters.
Historically, Baxter hgseriodicallysuffered high predation episodgsut thesedo not always coincide with heawjinters
(e.g, 200809) and did not occur this yeaDlanchaexperienced amild level of predatiorduring the summer and faih
2022but did not experience any winter mortalityit could be that @er and bighorn overlajs not asextensiveat Olancha
in winter; thiswould be worth looking int@s it could explain the lower levels of lion predation thédewever,it is likely
only a matter of time, now that Olancha is of significant size, that a lion or lions will cue in on it. Effeetiatop
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monitoring andquickmanagementhas beercrucialfor Baxter andthe same will be truet Olanchao limit predation
impacts.

Recovery Unit

. Morthern
. Central
. Sauthern
. Kern

Female Count

2000 2005 2010 2015 2020
Animal Year

Figure 14 Rangewide female Sierra bighorn population abundance 12092. Rangavide numbers are calculated using annual herd values based
on reconstructed minimum counts and MdRlesight estimates, as well as the most recent survey results for herds not sunveyeliyaHerd

counts are combined across the animal year (Majril 30). Because some herds are counted before winter in syranteothers are counted
during or after winter in the spring, the complete impacts of a given winter are not shown omapiis g

Someherdshave hadan inconsistent patterrto snowy winters For example, Gibbs showed a mild to moderate response
to the 2016-17 and 20B-19 winters, but was subsequently nearly extirpated2®22-23, largely driven by snowelated
mortality. Langley, in contrast, had a moderatesponse to the recent winter of 2823, butsuffered large losses in 261

17, drivenprimarilyby lion predation. Warren was generally sensitive to winter conditions with some variation; the female
population suffered the greatest loss during the a0 winter and the least during the 2@23 winter. For some othe
smaller herds, we lack substantial longitudinal data to be able to determine much about their response {@ahouwose,
Williamson, and Bubbs).

Capture, Collaringand Translocation

DuringOctober 2531, 2022, we captured 45 animals (31 females, 14 males) across nine herds: 4 at Big Arroyo, 5 at Bub
7 at Gibbs, 6 at Langley, 6 at Warren, 4 at Williamson, 8 at Olzmuth® at Wheeler. An additional 11 animals (9 females,

2 males) were capturedn March 20, 2023 from lower elevations at Sawmill to assist with detecting lion kill mortalities.
There were no capture mortalities, although one anirg&4&, was killed bylion 4 days after spring capture. All captures
were performed wih a net gun fired from a helicopter by Leading Edge Aviathdhanimals were released within the
herd captured and most (47/55) were equipped with both a VHF and GPSwbilar9 had VHF collaosly.
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Sierra Bighorn Movements

Owens Valley Tour

One of the most notable movements during this winter was documented both by GPS collar and ground obs&tzatiog on January 20, 2023, Sawamlllt
female S54Bmoved down into the Owens Valley (elevation 4,400Figurel5). This unusual movement was immediately uploaded online from her GPS collar,
so staff went to observe her in the field and found a grouthode: S543F with a yearling female and an adult male. These animals resided on some cinder cone:s
adjacent to the Sierra at ~5,500 Ba®d on the GPS collar, S¥4and presumably the group, continued to occupy low elevation untilingovack into the
mountains on April 20, 2023.
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Figurel5. Novel habitat use during the severe winter of 223. Sierra bighorn ewe S548nd two additional bighorn visited a cinder cone east of the Sierra Nevada in the Owens Valley between
January 19, 2023 and April 20, 2023. Phaéalit Phil Johnston April 9, 2023
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The Kern Recovery Unit

At this time, our data indicate the Kern Recovery Unit, both Laurel and Big Arroyo herds, were extirpated of females duril
the 202-23 winter. Several mortalities were found together in groups of two or thiadicating they may havbeen
caught in an avalancher hunkered down and starved together. In Big Arroyo, mortalities clustered around lower
elevation habitat within the Big Arroyo near the Kern River or along the Kern River between Funston and Red Spur Cre
(Figurel6).

Winter Habitat Typically
Used by Bighorn
Travel Path of Ewe S606

Figurel6. a) All collaredSierra bighornn Big Arroyo and Laurel perished during the severe winter &282Mortalities were investigated during
the summer, and collars were frequently found at low elevations in groups together, sometimes alongside uncollared sniglbalittarcasses
were scavenged by bears, anavas not always clear if animals died from avalanche or starvation.

b) Full snowcoverage at the@nfluence of Laurel Creek with Kern River (river at bottom) taken from the Aprori, 2023 Most Lauremortalities
were foundwithin 1 mile of the confluencé?hoto credit Trevor Johnson.

Laurel animaldrom the prior winter(S600M, S604F, S599M, S603F, S605F) died between Jarauatyé&bruary 16,
within close proximity to eacbtherin a region of frequent use near the junction of Laurel Creek and the KernRiyere

16). A single male (S6082 died innearbyRattlesnakeCanyon on April 1, 2023. And most dramatically, Lateslale
S606-died on March 20, 2023 after moving more than 12 miksa{ghtline distance) south througlsteep, forested
terrain (Figurel6). It is possible thasome Laurel animals from an earlier translocation moved over to the Beleahu,

a region between Laurel and Langley where 2 females and a lamb were documented in 2023. Currently these &
considered Langley animals.

ExploratoryBighornwWho Died This Year

242F stands out in the category afxploratorybighorn she was a Wheeleawe who summered well to the west of
Wheeler Ridge and varied in her winter range preferer{(€égure 17)Her behavior indicated that she was risk averse to
lions, but she was killed by a lion on the eastern escarpment of Wheeler this year. The heavy snow likely forced her
winter at lower elevation than she usualgelected Exploratory aves like 242F are important in establishing new
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migration routes and range expansions. Consequently, predation by lions not only has an immediate demographic effe
but also reduces the potential for restoration of lost patterns of habitat use that are essential to recovery.

S52Fwas another female who persisted through years wiige Warren herd experienced high mortali§he was the
last remaining female to have used Camiaca Peak in prior.\dars recently, she exhibited plasticity in her movements
throughout the Warren herdFigure 17)She died in an avalanche this winter.

Round
Valiey

2018 Winter Range
2019 Winter Range
2020 Winter Range
2021 Winter Range
2022 Winter Range
2023 Winter Range

o o e
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Figurel?. Habitat use pattern®f two Sierra bighorfemalesthat diedduringthe severe winter of 20223. Polygons were created in ArcGIS Pro
around clusters osPS3ocation data duringhe winters of 2018023
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Mountain Lion Monitoring and Management

Minimum Counts

In the 2022 lion count year we documented a minimum of 84 lio
in the eastern Sierra population: 27 adult females, 16 adult male
YR nmM &dzol RdzZ dad ¢KAa O2dzy
individual lions and is the highest couthie program has ever §
estimated In large part this high count is due to increase
monitoring effort, especially on reproductive females and the
offspring. Twentythree of the 41 subadults detected were
juveniles detected either at den visits or feeding sites, and it
unknown whether these subadults survived to dispersal age. T
remaining 18 subadults were either captured and collared befoig
dispersal or as independent dispersing subadults. The 23 juveni

tallies and survival analyses, leaving us with a functional total §
61 lions.

Sierra but not inside any count zor{see Appendix B for an |

explanation oflion count zones and methodsMinimum counts

summed across zones will exceed the total minimum count f= E— _

the eastern Sierra because individual lions detected in multip F'9ure 18Mountain lion tracks in snow in Round Valley, Mt.
Tom in background, January 12, 2023. Photo credit Phil

count zones are added to the tally for each zone but are on ;. .

counted once fothe total minimum count of 61 lions.

L RSN

Forty-seven of the 61 lions detected were tracked with functional GPS collars for at least part of the count year. The 1
lions that were not tracked with functional collars during the count year were identified by physical evidence including
unique markimgs, unique tracks, photographs, visual observations, age of dependent,emohgpplied markssuch as

ear tags and noffunctional collarsSixof the 14 uncollared lions were adults (4 females, 2 males) and the remaining 8
were either subadults who wergaptured after the monitoring perigar adults whose collars were ndanctional during

the 2022 animal year.

Captures

We captured 32 individual lions including 14 adult females, 8 adult males, and 10 subadults, which is slightly higher th
the 27 individuals captureduringthe 2021animalyear.

Predaton on Sierra Bighorn

The severe winter of 20223 had compounded detrimental effecbydirectly killing many bighorn and also concentrating
bighorn on the areas of winter range where they overlap with mule deer and are most vulnerable to lion predéion.
documented 42 bighorn killed by 11 different lions in 7 herds in the 2022 anima(Kigare20). LionL.230F alone killed
11 Sawmill bighorn (6 ewes, 4 rams, 1 unknown sex) betdaenary 24 and April 17, 2028 monstrating the heightened
predation risk posed by adult femaléisat concentrate their movements on pockets of high prey dgnand exhibit
accelerated kifrates while raising offspring (Figut®). Importantly, only two of the 11 bighorn killed by L230F were
detected through mortality alerts from GRSllared bighorn, highlighting the importance of G&Baring lions for
detecting predation.
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Figure B. Different spaceise between sympatric male and female
“f  Sierra bighorrpredating lions, showing the concentrated
movementsand thusincreased predation riskosed by female lions.
Movement dita coveringJanuary 24 April 17, 2023.

@ =Lion 228M
@ =Lion230F

The Wheeler herd was hit especially hard and lost 18 bighorn (10 ewes, 5 rams, and 3 unknown sex) to lion predati
attributed to 7 lions(Figure 21)4 ofwhichwere subsequently translocated. The Sawmill herd lost 9 bighorn (6 ewes, 1
ram, and 2 unknown sex) to predation attributedti@o lions, 1 of whichwas subsequently translocated. Baxter lost 5
bighorn (4 rams, 1 ewe) to two lion@/illiamson lost 4 bighorn (1 ewe, 1 ram, 2 unknown) to L204&ncha lost 3 ewes

to two lions, Langley lost 2 bighorn (1 ram and 1 ewedwo lions, and Convict lost 1 ewe to L212Mgure 21)Six of the

11 adult lions responsible for these bighorn predations were subsequemathglocated. See Figured and 22 for a
summary of lion predation distributed across Sierra bighorn hardsrecovery units.

Importantly, only 4 of the 42 documented instances of lion predation on Sierra bighorn were attributed to uncollared
lions, which suggests that we alikely documenting a very high proportion of the predation that is occurring. This is a
ANBIFG AYLINRGSYSYyG 20SN) GKS LINBZA2dza @Sl NR& LINBRFGAZY
uncollared lions. Increased capture effort beginnimganuary 2022 identified several lions of advanced age (L229F, L230F,
L214F, L213vand L211F) peying on Sierra bighorn and raising offspring within herd unit boundaries, suggesting that
these lions have been impacting herds for numerous years prior to their capture (Eg)uNoting the ages of lions when

they are collared and recognizing the age at which lions establish a home range provides insight into the duration
predation that may have occurred prior to collarifigigure 23)Since 201,/41.6% of lion predation on Sierra bighorn has
been detected only through feeding clusters observed in GPS data from collared lions, or conversely 58.4% of known |
predation is detected through other means, including collared bighorn mortality signdleportunistic investigations.

This demonstrates that significant levels of predation by uncollared lions can go partially or entirely undetected. In 202
only 9% of documented lion predation on Sierra bighorn (n=42) was attributed to arezbllons, but from 2017 through
2021, 52.5% of lion predation (n=78) was attributed to uncollared lidteving a low proportion of lions collared is of
particular concern in herds when there are also a lower proportion of female bighorn collared than desired (i.e., <30%
because the predation rate is likely underestimatéd2022 78.6% of all documented lion predation on Sierra bighorn
was detected only through GPS data from collared lions, meaning that only 21.4% of these predation events would ha
been detected through collared sheep mortality alerts and other means. These facts underline the importance o
maintaining a high proportion of collared lions within the recovery area to get a census ékilléahbighorn.
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2022-23 i

1 to 3 Bighorn Killed by Lions
3 to 8 Bigharn Killed by Lions

9 to 18 Bighorn Killed by Lions

Locations of the Kills

Sierra Bighorn Herd Units

Figure20. Distribution ofmountainlion kills detected in the Sierra Nevaddhia 2022animal year Circles represent the number of male and female
Sierra bighorrkilled by lionsincluding uncollared bighoriThis map should not be directly compared to Figuas thecirclesrepresent different
data, scaled numerically
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Lion Killed Bighorn by Herd

Mortality Count

w

Olancha Peak Mt. Langley Mt Willlamson Mt Baxter  Sawmlll Canyon Wheeler Rldge Convict Creek

Lion ID [ 148 [l 194 | 197 [ 211 [ | 212+ [ 214* | 228 ] 220*| 230* ] 231*  234* ] Unknown

Figure21. Lion predation on Sierra bighoftom May 1, 2022 April 30, 2023y herd and individual lioiions denoted with an asterisk were
removed for Sierra bighorn protection during this time period.

Lion Killed Bighorn by Recovery Unit

401 \

301

—r + +~ — - —~— v T — — - ~——

=

Mortality Count
N
o

-
o

- —

N

I O P PP PP PP EY]
P EEEEFEEyy sy sy
Bighorn Recovery Unit  CRU I KRU I NRU I SRU

Figure22. Lion predation o®ierra bighorrby year and recovery unit. Lion monitoring effort and Sierra bighorn population sizes were not consistent
across this time period.
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Figure23. Temporal presence ebllaredmountain lionsn the easten Sierra and thelknown statis as bighorn predator8irth year idoased on
estimated age from gum recession amtth wear at capture compared to first capture dgtietection) The graph includes all collared lions that
were alive during the 2022 animal ye®lVe suspect that individual liomsaintainthe sane predatory peferencedefore and after capture, after
they haveestablisked a home range.

Reproduction

We documented 27 adult femaleand 16 of them were confirmed to have a minimum of 1 offspring for a total of 23
juveniles detected whose fates are unknown.

Predation Management Lion Translocations

In the previous year we translocated a family group of bighmedating lions (L200F, L2Q%ndL210F), all ovhich
established new homeanges and were monitored for ovene-yearposttranslocation. The success of translocations in
2021 demonstrated the effectiveness of translocation as a predation mitigation strategy, and we redoubled our predatiol
management efforts in 2022 during the severe winter.

Of the 11 bighorepredating lions, 6 were translocated in the 2022 animal year, comprised of 3 adult females and 3
independent dispersing subaduliSigure24). An additional 2 dependent juvenilesifonthsold) were translocated with
their mother but were not counted toward the total of 11 bighgonedating lions because they were not directly
responsible for predation. The 5 bighgpnedating lions who were rnidranslocated were comprised of 3 adult males and
2 adult females, whose digprimarily consistd of deer or other prey.
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Figure 24 Mountain lion L230F was translocated witr
her subadults from Sawmill to San Gabriel on April 1
2023. L230F was responsible for killing at least 11
Sierra bighorn. Photo credit Phil Johnston.

As of April B,2023,we have monitored 12 translocated lions with an average annual survival probability of 0.67 (+£0.20
SE), which isimilarto the annual survival of netranslocated lionsn 2022 of 0.72+0.10 SE). However, since adapting
our translocation strategy in 2022, survival of translocated lions (0.88 +0.13 SE, n=8) has greatly improved and was hig
than that of nontranslocated lions (0.72 £0.10 SE, n=42).

Lion Survival and Mortality

The estimated annual survival rate for the 47 collared lions in the eastern Sierra wae@@® SEfjor adult females,
0.60(x0.20 SHpr adult males, and 0.46:0.46 SHjpr subadults Among the 68 lions detected in the eastern Sierra this
year we documented 17 mortalitiesVortality causes were as followsepredation (n=4)intraspecific killing (n=4),
poaching (n=1), vehicpllision(n=4), unknown cause (n=1), graf note,Highly Pathogenic Avian Influenza (HPAR)

These HPAI mortalities oacad within a family group on the shore of Mohake where waterfowl congregate in the
winter, and we presume that the lions contracted the virus by preying on infected waterfowl. These mortalities were the
first documented caskeof HPAI in any species of wildlife in Mono County.

Sierra BighornFuture Management

During the winter of 202223, Sierra bighorn experienced a substantial loss of females due to predation and severe wintet
conditions. Recovery from this setback will likely require considerable time, particularly because bighorn typically produc
only a single lamb per year. Futureamagement willrely ona combination ofactions In the neasterm, continued
intensive predator monitoring, coupled with appropriate predator managementluding translocations and occasional
removalg will remain essential. Adtionally, identifying and evaluating new leglevation winter ranges for herds that
currently lack such habitat should be considereow elevation winter ranges provide abundant forage and refuge from
deep snowbut Sierra bighorn may not know the migration routes neededdoesshose winter ranges. We now haee
greater understanding of the variation of threats that Sierra bighorn experience and their effects on population
performance. Over the longerm, amore informedtranslocation strategy will beritical for population restoration.

As a species approaches extinction, population size declines, genetic diversity decreases, and behavioral knowledge is
In particular, migratory knowledge within populations may disappear, including memories of established migration routes
Consequerny, it is far more difficult for migration routes to be reestablished than for them to persist within stable
populations. Considerable trial and error will likely be necessary before reintroduced bighorn sheep reestablish optim:
migration routes. Achievinthis objective will require an adequate supply of translocation stock from within the Sierra
Nevada, as well as patience and persistence from agencies, stakeholders, and other supporters of recovery.
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Recovery efforts must also recognize key principles of conservation biology and restoration ecology relevant f
endangered species management. Recovery goals are established based on what is necessary to ersune long
population viability, rather thammn what can be easily achieved. Population viability is commonly described in terms of
GKS dGo waédyY NBLNBaSyilliAz2ys NBRdzyRIFIyOés |yR NBaAfASy
2F LR LMz FGA2ya | ONPR ange atdfaGossidivdSse Rabitats) foTeSapnpld\dedalfery Gbjedties include
occupancy across a substantial proportion of the historical range. Redundancy requires the establishment of multip
populations to ensure persistence despite localized threatsliBesy emphasizes the capacity of populations to recover
from disturbances such as disease outbreaks, habitat &s$climate change. These principles underpin conservation
decisions for Sierra bighorn. In an increasingly variable environment, maigtaitiroad geographic distribution will help
ensure persistence through droughts, extreme snowfall, and other environmental stressors.

Recent translocation efforts have produced mixed outcomes, largely due to the effects of extreme winter conditions
Translocation decisions were guided by recovery objectives and population modeling based on more than a decade
demographic data. Limiteavailability of translocation stock required that newly established hegtgnrelatively small,

with the expectation that repeated augmentations would be necessary. Since restoration efforts for Sierra bighorn bega
in the 1970s, population growth follang reintroductions has often required decades to become evident. Similarly,
translocation efforts for Sierra Nevada mountain yeHmgged frogs required multiple attempts and decades of
monitoring before successas realizedKnapp et al. 2024).

Ongoing monitoring and analysis of both established and reintroduced herds will continue to inform future managemen
decisions. Future population models will incorporate a broader range of variables, including climate effects, predatio
risk, and their infience on demographic processes and habitat selecsmoted earlierstochastic individual behavior

such as theexploratory movements of S242Bnd S543F can have important consequences for the restoration and
persistence of migratory behavior
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Appendix A 2022Population Count Details

Sierra Bighorn Annual Report 2023

Minimum counts for each herd are includedTableslaand1b, below.Tableladisplays counts thabccurred primarily before the big winter, affcblelb
reveals the losses that occurred during that winter by shoWid23 animal year minimum counts.

Table 1a Reconstructed minimum counts (MC) of Sierra bighorn duringa22animal year: May 1, 2022April 30, 2023. Most counts occurred prior to the heavy winter of 2322 ambsre
not identified by sextemale and lamb estimates are likely more accurate than male estimates because there is a higher proportion of markethéesualesy routes are designed to detect
females.However, all minimum counts are underestimates. Yt population is reduced by all known mortality that occurred after the gu@@unts are from summer surveys, except where

indicated.

Herd

Olanch&

Laurel
Big Arroyo

Langley

Williamson

Baxter

Sawmill

Bubbs

Taboose

Wheeler

Convict

Cathedral

Gibbs

Warren

Totals

19

4

18

22

41

31

10

33

17

10

226

Yring

2

0

3

43

Female Female Female

Adult Total

21

4

23

26

53

38

12

40

20

13

272

C= data combined from winter and summer surveys

16

3

10

24

16

19

2

132

Male
Adult

14

3

24

10

18

106

Male
Yring

2

0

41

Male
Total

16

3

13

31

13

13

21

147

53

10

19
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S613 & S478

S561, S633, M218,
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S588, S481
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S544

S396, S542, S538,
M208, S515, S541,
S648, S514, M242,
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S574, M217, M219,
M229, S554, M228,
M242, M231, M235,
M237

M248, M247, S569,
S570, S571, S526
S365, S607

S617, S619, S618,
S614, S500, S324,
S568

S536, S522, S533,
S621
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Notes
Lamb count from spring

All adults previously collared and known dead. Lamb remains not found, presume
dead

4 additional uncollared morts found for a mort total of 7AF, 3AMnk sex

Total count includes 2 yearlings, unknown sex

Count includes 3 unclassified females ard nclassified animals from summer
count. Males counted in winter

Count includes 3 unclassified animals

One Baxter male (S5B8 seen but not included

Single November observation

Single female seen in April 2024

All known collared females died

All snowrelated mortality

All snowrelated mortality
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Table 1b Reconstructed minimum counts (MC) of Sierra bighorn during sug@i@a@rafter the effects of the 20223 winter. Lambs not identified by sex. Female and lamb estimates are likely more
accurate than male estimates because there is a higher proportion of marked females and surveys routes are designefittoatiese¢towever, all minimum counts are underestimates.

Female Female Female Lambs Male Male Male MC Notes

Herd Adult Yring Total Adult Yring Total

Olancha 27 7 35 10 9 4 13 58 Includesl femaleunknown age

Laurel 0 0 0 0 0 0 0 0 No animals or sign found. AII adults prewogsly collared and known @&aéMseen on. .
Boreal Plateau could possibly be Laurel animals but presumed to be Langley at this time

Big Arroyo 0 0 0 0 1* 0 0 1 * 1-2 males on camera in 2023

Langley 11 2 13 5 10 2 12 30

Williamson 7 0 7 2 4 0 4 12 Assumed.S632F is alive with lowteay GPS and dropped VHF collar. Tracks indichAdd
andlamb in northern deme not seen.

Baxter® 44 4 48 22 40 2 42 112 Females from summer, males from winter

Sawmil 19 5 o4 4 3 1 4 32 Poor count Previous Apribbservationhad 22AF, 3YEnd 10 lambs. 11 lambs seen in winte
2024.

Bubbs 7 1 8 2 1 1 2 12 Satus of S63Funknown

Uslioiisz * * ! * e o e e * Not seen during year but 1AF, 1YF captured in fall 2024

Wheeler 22 5 27 9 16 0 16 53 Added1 animalof unknown sexandage.1 unidentifiedmale seen \ith black collar, possibly
10 (last seen 2016).

Convict N . " . 5 0 5 5 * 1AF found in April 2024. 3AF, 1YF, and 1 lamb seen i2@2% Some of these animals
were likelypresent but undetected sinoginter 202223,

Cathedral * i ) 0 4 0 4 « * 1 animal of unknown sex seen on camera in 2024

Gibbs 2 1 3 1 9 0 9 13

Warren 8 0 8 3 3 0 3 14

Totals 147 25 173 58 105 10 115 346

C=data combined from winter and summer surveys
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HERD UNIT SUMMARIES

Olancha

The highest minimum count at Olancha included a total of 53 animals and combined counts from summer and spring: !
adult females, 2 yearling females, 16 lambs, 14 adult males 2 yearling males. Three of the four collared females

were seen. The one collared female not seen (E4B4d a functional GPS collar and was within the survey area at mid
elevation in Olancha Canyon during the September survey. This canyon is notoriously convoluted and difficult to surve
Only 8 lambs were counted in Septembeut 6 lambs were counted on Apri'6However, the September 280

survey had the highest count for all other sex and age classes, indicating neither was a complete survey.

At the end of Octoberrightbighorn were captured including 3 recaptures (2 females, 1 male) and 5 previously
unmarked (4 females, 1 male) animals. Two lions (E24rid L19K1) killed three bighorn (M2(05 S55%, and M20¥),
all on the south plateal2 of these bighorn were killed during the September survey window

We counted fewer females than projected from 2021 indicating either a poor count or high female mortality. With
documented lion predatiomnda known incomplete count, it is hard to differentiate between these two possibilities at
this time.

Unlikeany other herd, Olancha suffered no winter mortaktyd was the only herd to increase between 2022 and 2023
Large avalanches were easily observed from Highway 395 on botiottiteand south shoulders of Olancha Peaiking

the winter of 2023 but no collared animals were detected to have di&te subsequersummercount(post big winter)

was the highest ever recordddr OlanchaDespite some obvious avalanche danger, Olancha has the leasbo$aony

herd unis because it is both the farthest south and is at the lowest elevatiddditionally, although there is a deer

herd that overlaps with Olancha in the summer and fall, during the winter there seems to be minimal overlap between
deer and bighornwhich may result in lower predation rateghis should be investigated further.

Laurel

In March 2022, seven animals were translocated into Laurel including 4 females and 3 males. All of these animals wer:
seen during an August survey, along with three lambs. Additionally, previously used habitat on the east side of the Ker:
River was surveykbut nosheep sign wasbserved.

Last year, a group of 5 Laurel animals was seen on the east side of the Kern in June 2021 near the Window Cliffs. This
group included one collared animal, SB8&hose GPS collar stopped working in November 2018. In Septembéd¥ S382
died from unknown cause, but the whereabouts of the other animals in this groeipnknown. Surveyors walked

through this region, but it is vast and convoluted, and it would be easy to miss a small group of bighorn, particularly
since habitat use in this arésnot well understod.

All collared animals died in early 2023 from sa@lated causes. These were not able to be accessed or investigated
until the following summer, but the timing and locatiof mortalitieswasknown from ther GPS collars. We also have
photos of the snow conditions indicating this area was completely blanketed in deep snow. One male and one female
were identified as having died specifically from avalantie for the others we were unable to differentiate avalanche
from starvation. None of the three lambeen during the previous summer were found dead or alive, but they are
presumed to have died and been scavenged, as was the state of the other Laurel animals investigated.

Most Laurel animals died near the junction of Laurel Creek and the Kern River. HowevEm&a88@&n unusual and
substantial movement prior to mortality, traveliri® miles (direct line) south down the little Kern River in deep snow
before dying on March 20 It is not known if she had her lamb with h&vhen her mortality was investigated in
November, only her collars remained, and she was found on a daathg slope in oak woodlan8he was not in
avalanche terrain.
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Big Arroyo

In June, we accounted for 19 animals in Big Arr8yamdult females 1yearlingfemale 7 lambs1 adult maleand2
yearlingmales This count includes a collared female (34%hd a collared male (S498 that were not seenAlthough

the other three collared females were seen, we expect this is probably an undercount &\2¥98een last year with a
group of three (1 lamb and 1 yearling male). S4i8Notorious for being separaddrom the other collared females and
using a vast region of very convatdtterrain from Red Spur down to the Kern River. During the survey, her GPS collar
was not sending updated locations making it difficult to locate her. In theafaltaptured four animals and outfitted

them with new GPS collars, including recaptures of 5888 S498/1.

During the following winter all seven collared animals at Big Arroyo died from-srlated causes between January and
April. Aerial photgrapls of the region during the winter showed very limited shfsee habitat the snow seemed to

be sticking to near vertical walls as well as coating areas that in other years were blown free and scoured\Wesnow
were unable to investigatenese mortalities until the following summer due to deep snow. When the 7 collared
mortalities were investigated the following August, an additional four uncollared mortalities were found. The cause of
death for most animals was identified as sncelatedbecause it was difficult to differentiate avalanche mortalities

from starvation as most ceasses had been scavenged. We did determine that at least two animals likely died in an
avalanche on March 2 (S498nd S63F) because they were located within obvious avalanche debris. Additionally, one
animal (S4981) likely died of starvation as he was found relatively intact on a perch ~1500 ft above the Kern River. Six
animals were found at the base of the western wall of the Kern south of the Kern Bridge: a group of twoni#ban
uncollaredé-yearold male M254M) found together, a group of thregS49F, uncollared female M236and an

uncollared animal of unknown sex M255) were found slightly down canyon but also in close proximity, and finally a
single collared female (S583 Two additional animals were located on the north side of the Big Arroyo drainage near
the junction with the Kern River (S@3énd uncollared male M29M). It seems probable the latter two animals died in
different events. All Big Arroyo mortalities were within or very near avalanche terrain, but with heavy scavenging by
bear,coyote and lion it was not clear if these animals were caught in avalanches together or if they hunkered down
together and starved while waiting out the winter. There were no noteworthy movements made by Big Arroyo animals
prior to their deaths.

Langley

Largley was surveyed on Auguf", and we accounted for a total of 44 animals: 18 adult females, 5 yearling females, 8
lambs, 8 adult malesnd 5 yearling males. We saw 3 of the 4 collared females and there are no collared males at
Langley. The adult female count was tarimals above th@rojection from 2021, indicating that animals were missed

in 2021.

Capture in the fall included 7 animals (2 previously uncollared females, 2 recaptured feanal@spreviously

uncollared males)Three mortalities were detected: S68ied from snow on Christmakay;L214 consumed bighorn
S47% on March 18, and an uncollared lion killed S&d®n March 221214 was catured while feeding on S4F8and

was later translocated (see beloviompared to most other herds, Langley had notably high survival during the record
winter of 202223.

Likely influenced by the incredible snowpack, GPS collars indicated some novel habitat use low in Inyo Creek and bela
and on the ridge separating Lone Pine Lake from the Meysan drainage, as well as lower in the western Rock Creek
drainage than previous eg~10,600fj.

Williamson

We accounted for 47 animals in Williamson during a summer survey: 22 adult females, 4 yearling females, 10 lambs, 6
adult males, 3 yearling malesnd 2 yearlings of unknown sex. This included observations in bottottigern

Williamson dere (13 adult females, 1 yearling female) and soeithern Barnard deme (8dult females 3yearling

femaleg. This is the highest Williamson count on record. All 6 collared females were seen during this count.
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Four new animals were captured in the falcluding 3 females and 1 male. Fourteen mortalities were detectext

winter. The first occurred the day after capture activities@ctober 30 buivas not investigated until the following

summer. By that timeS56 Fhad beenscavengedand a specific cause of death was not able to be determined using the
limited remains found below a boulder in a steep gully. The other mortalities included 9 collared animals (9 females) an
5 uncollared animals (1 female). 8ther collared animals died from snow (5) or avalancheR@8)r of the uncollared

animals were killed by lion L2E#etween January 1 and February™ The other uncollared male was killed in an
avalanche and encountered opportunistically while investigating one of the collared female mortalities.

After killing three sheep, L2E4noved away from the Williamson area. However, in March, she killed a sheep in Diaz
Creek within the Langley her®n March 24, she was recaptured in Lubkin Creek and translocated to the middle fork of
Lytle Creek in the San Gabriels.

Likely influenced by the incredible snowpack, GPS collars indicated some novel habiattiuge Georges Creek at

low elevations (~6500it Also, GP8ollaredmale S598/ utilized northern areas, particularly east of the crest in the
vicinity of Mt. Bradley and Mt. Keith, as well as dropping into lower Center Basin, an area which was used by Baxter
female S16[Fin 2013 Historically, S167moved between Baxter and Williamson.

Baxter

This year we accounted fdd4-119animals: 41 adult females, 9 yearling females, 3 females of unknowi2-dge,
unclassified animal24 lambs24 adult malesand 11 yearling malesWe report a rangéecause a group of 105 was
seen very briefly and only partially classifieémaleslambsand yearlings (both sexealere counted during a summer
survey inJuly,andadult males were counted during February.

No animals were captureid Baxter this year. We detected 12 mortalitji@scluding 4 females, 7 malgand one of

unknown sex. Theortality of unknown sex was a lamb skull encountered opportunistically and neither the sex nor the
cause of death could be identified. LEXlled 4 Baxter animals (3 males and 1 female) andN2&ed one male.

L230was first captured and collared on January 24, 2023 and proceeded to kill 9 bighorn (3 from Baxter, 6 from
Sawmill) before being recaptured on April 17, 2023 and translocated from 8awthie San Gabriels. Four animals died

in four different avalanchesncluding 2 collared females and 1 collared and 1 uncollared male found opportunistically.
The cause of death for collared S8@vas not able to be determined, but it was not predation. Considering the record
winter and the large losses in many of the other herds, Baxter had only moderate mortality. There was no noteworthy c
new habitat use detected from GPS collars.

Sawmill

During the summer survey, vacountedfor 66 animals31 adult females, 7 yearling females, 16 lan®anclassified
animals 5 adult malesand 4 yearling males. Ten out of eleven collared females were seen; there were no collared
males at Sawmill during the survey window. This survey included data from a passive wildlife camera set near Taboose
pass (adding adult female 1 lamh and lyearling malg Cameraslso helpedietermine that S542had lost her VHF

collar. Unusually, S46ivas also discoverei have lost her VHF collar so at this tisteeonly has an ear tag. This

survey included animals from all three Sawmill demes: core, Goodale, and Acrodectes.

We detected 19 mortalities in Sawmilicluding 11 females (10 with collars), as well as 2 uncollared naalé<$

unknown sex animals without collars. Nine were killed by lions, includiyg 830~ L23Fwas first captured and

collared on January 24, 2023 on a bighorn kill at Sawmill, and proceeded to kill 9 additional bighorn (3 from Baxter, 6
from Sawmill) before being recaptured on April 17, 2023 and translocated to the San Gabriels. In May, an lioknown
killed S546. Additionally 8 bighorn were killed from snowelated causes: 4 fra avalanche including three in a single
early avalanche in Taboose Canyon, 1 from starvation, and 3 were identified asedateadl but the specific mechanism
could not be identified. Additionally, one animal died from physical injury and one from unkcewge.
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On March 20elevenanimals were captured and collared, all previously uncollared (9 females and 2 males). These
animals were captured from low elevation habitaherelion predation was a concerfVithin four days of capture, one
of the newly collared females was killed by L230

One of the most noteworthy bighorn movements associated with the big winter of-2G2&as female S54&3vho

moved down and out into the lava flows of the Owens Valley in the vicinity of Taboose Creek, moving as low as 4200ft
and nearly 4 miles from the steeper Sierra escarpment in January and February. She was viewed several times in a gr
of 3, which include@n adult male an@ female with stubby horns that wéelievedto be a yearling. Additionally,

S65M and S6581 used novel habitat on the southerdge of Shingle Mill Bench in April along with $543

Bubbs

On July 15, we counted 32 animals: 10 adult females, 2 yearling females, 7 lambs, 9 adudndaiegearling males

The majority of these animals were seen crossing high on the southeast shoulder of Mt. Gardiner moving south out of
Gardiner Basin. Additionally, a group of seven rams was seen by a hiker the same day in the vicinity of Fin Dome in 60
Lakes Basin. Baxteratle S598 was seen in the ram group but not included in the count, as he is counted in the Baxter
herd. With the exception of S58§ no other animalsvere collared in the Bubbs region

In October, we got lucky and captured 5 Bubbs animals including 3 females and 2 males. Prior to this capture, we had
tried to get collars in Bubbs for years, but with no collars to help lead in the capture crew since 2019, we had not been
successful. Unfounately, one of the newly collared males died two days after capture from capélaged causs. By

the following summerat the start ofthe 2023 animal year, three additional mortalities were detected including a

female and male that died in May andnhdurespectively, but the cause was not able todetermined Additionally

female S63Ehas been heard intermittently on mortality since March 31, 2023 and has not been seen since capture.
That leaves us with a single collared female, E6G®S collar data indicates animals used slightly lower habitat within
Bubbs Creek, but otherwise no outstanding habitat use was detected.

Taboose

On November 132022,a group of 3 animals were observed wallowing in 3 feet of snow on the north faGe of

Mountain. This is the only observation from Taboose this year; it is unknown if these animals survived the winter. This i
also a known undercount because subsequently, we detected 6 mortalities later in the winter and spring, four of which
were uncollared animalsncountered opportunistically, and three were reported by skiers. In Oct@ErF died of

unknown cause high on a ridge between Kid Birdhmountains The other five mortalities were snekelated,

including a female that died in an avalanche in a western gully of Kid Mountain above the south fork of Big Pine Creek
and an uncollared male that was found intact nearby but not clearly in an avalanchéhpathas identified as a snow
related mortality. S51Rwas founddeadwith a lamb of unknown sex at the base of a cliff in Tinemaha Caaekboth
mortalitieswere identified as snowelated.

Before dying in an avalanche in March above the south fork of Big Pine Credkirag&i@d below the middle Palisade
Glacier and also visited the north side of Kid Mountain, two areas that have not seen much use historically. Also, it
appears that animals are traveling across the crest in the fall just south of the Thumb.

Wheeler

We accounted for 72 animals at Wheeler during a summer survey: 33 adult females, 7 yearling females, 19 lambs, 10
adult malesand3 yearling males. All but one of the 12 collared females were seen and 50% (2/4) of the collared males
were seen. Females were observed in all three demes: Granite Park (14), Morgan (9), and Hellcat (16).

In October five Wheeler animals (3 females and 2 males) were captured including 1 malefamdle recapture. We
detected 25 mortalities at Wheeler this year including 17 uncollared animals; most of these were identified from GPS
collared lion clusters. Six GB&lared lions killed 18 bighorn: LIM&illed 7 bighorn including 3 males, 2 femalasd 2

of unknown sex from Pine Creek Canyon along the face to Héllk@#killed 3 uncollared females in Hellch212M

killed one collared female at 11,600&tbove Finch Lake in May229%killed 2 females and 1 male on the Wheeler face
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between Mayfield and Boundary canyons and also visited other kills sites and scavenged a bighorn that died from
avalanchelL234-killed an uncollared male below Rabbit Ears and also visited two other kill sites, and one unknown sex
lamb was killed in Hellcat Canyon by an unknown lion. Additionally, 5 bighorn (3 females, 2 males) died from avalanch
including two at very low elevath (<6600ff) in Pine Creek. One collared male died of smelated causein January

and a hiker found a female skull near ¢kiein Foot Lake which likely died during the winter of 2832but the time and

cause of death could not be identified.

We detected no novel or notable habitat use in winter. 324&d habitat near Mt. Hilgard in September including a
visit to the summit of Mt. Gabb. GPS collars also detected Granite Park animals visiting Merriam, kadtRerce
Peaksand the Bear Lakes Basin in September.

Convict

On August 7, we counted 20 animals in Convict in Esha Canyon: 7 adult females, 5 lambs, 5 adahdr&lgsarling

males. This is slightly down from our highest count last year (9 females), but we know of 3 female mortalities between
these two surveys, which indicates there may have been 10 females in@Q2drhaps an individual emigrated into
Convict.

We detected 9 mortalities in Convict: in May one female died fromgiedation,and one died due to birthing
complicationsand the other 7 (6 females, 1 male) died of sA@lated causes during winter. Three of these were
starvation, 1 was avalanche, and we were not able to differentiate the specific cause beyondetaied/for the other
two.

If our countwas a censuandgiven these mortalities, we would expect there may be only one single uncollared female
remaining in Convict. In November, several animals visited the western shoulder of McGee Mountain, which had not
been known to be used before.

Gibbs

By combining various observations throughout the summer, we were able to account for 50 animals at Gibbs: 17 adult
females, 3 yearling females, 9 lambs, 18 adult maled 3 yearling males. This included observations of 4/4 collared
females and 3/4 collared males. Females were found in both the Gibbs (13) and Algers (7) demes.

We detected 16 mortalities at Gibbs (8 of each sex). Most of these occurred during the apadrfromS33%who
appeared to have died while giving birth in May. This is one of two-lettied mortalities identified in 2022 and the

only two birth-related mortalities ever detected. In the winter, 13 bighorn died of smelated causes, and two

individuals died of uknown causes. Within the snerlated mortalities, 2 died from two different avalanchesd 3

died from starvation at different high elevian locations; the more specific cause (avalanche vs. starvation) of the other
snowrelated mortalities was not able to be determined. No noteworthy or unusual habitatvaseletected from GPS
collars.

Warren

By combining observations from June and July, we were able to accoltidnimals at Warren: 10 adult females, 3
yearling females, 2 lambs, 1 adult maded 4 yearling males. All six collared females were observed and there are no
collared males at Warren at this time. In the fall, 6 animals were captured including two recaptured females and 4 new
captures (3 females, 1 male).

During the winter, we detected seven mortalities, all sa@hated, with 3 identified as avalanche and 1 identified as
starvation. Mortalities includeé 4 females, 1 maleand 2animalsof unknown sex.

GPS collars detected no use near Camiaca Peak; it seems this deme may be entively diesectedsome use of lower
habitat between Dunderberg Peak akdvanaugtiRidge and the east fork of Green Creek.
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Cathedral

On July 20, we counted 12 animals at Cathedral: 5 adult females, 5 lambs, 1 adultanédlé yearling maleand we

believe this is census. This would mean the two unidentified yearlings from last year were male and female. All three
collared animals were seen (2 females, 1 male). In the winter the two collared females died, one from avalanche and tt
other was snowrelated, both ner Parsons Plateau. We believe that the other females also died, but we do know that at
least 4 males survived. No novelwrusual habitat usavasdetected from GPS collars.

Appendix B Background and Methods
BACKGROUND

Sierra Nevada bighorn shegp\(is canadensis sierfaare a unique subspecies native to the Sierra Nevada in California
(Grinnell 1912, Wehausen and Ramey Il 2000, Wehausen et al. 20@%)have distinctly wide splayed horns and have
been genetically isolated from other bighorn sheep subspecies for roughigadM0O000 yeargBuchalski et al. 2016)
Conservation management has included hunting regulatimyinningin 1878, as well as a series of translocations
beginningin 1979(Bleich et al. 1990)The early translocatiorestablished the Warren, Wheeler, and Langley heads,
alsounintentionally crea¢d Gibbs Despite these efforts, the rangeide population was estimated to be only ~100
individuals in 199%U.S. Fish and Wildlife Service 2007)

In 1999, Sierra bighorn were placed on the federal endangered spistjesd the California Department of Fish and
Wildlife was selected to be the lead agency in the implementation of recovery efforts. Recent bighoffs die

throughout the west have been associated with the bacterMgtoplasma ovipneumonig@®l. ovi, and it is thought

that respiratory disease likely drove earlier declines in the distribution and abundance in Sierra ifiiylebausen et al.
2011) FortunatelyM. ovihas not been detected in the Sierra Nevada based on testing from 2001, and we have
observed no clinical signs of respiratory disease, such as coughing or lung lesions, since monitoring began in 1974. Si
bighorn population dynamics appear to be largefiven by adult female survivAlohnson 2010}xnd over the last

twenty years, the top two causes of mortality are predation by mountain Ranr(@a concolgrand snowrelated death

in the form of starvation or avalanche.

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 tlaeg 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 maingervation 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 suppditectcacademic

research.

C2NJ ONB@ZAGEe 6S NBTFTSNI 2 KSNR dzyAda dzaay3a aiAy3atsS g2NR
NEFSNI G2 {ASNN)} bSOFIRF 0AIK2NY A&AKSSLI Fa WoAIK2NYQ 2NJ
YdzYo SNJ KI & |T2l0NBORAEY NGiSR { ASNNJ O0A3IK2NYI daé F2N dzy O2
OAIK2NY = 20S(18z2 BB WNBaSy (i KD Apriy3e, 203, tbegidairfing Wih karnbéng seaSon i H
including the winter of 2-23. In contrastclimatologists refer to water year 2@2s October 202- September 202,

which is most clearly associated with bighorn year2@2{ 2 dzZNOS¢ KSNR&a 62 KSSt SNE { I 6 Y
contributed to recent reintroductions (starting in 2013) that haswgplied animalsfoh Yy S ¢ KSNRa o/ | (1 K.
Arroyo, Laurel, and Olancha).
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METHODS

Capture

Capturing Sierra bighorn provides the opportunity to determine body condition, pregnancy status, test for disease,
measure genetic diversity, and deploy coll&edy fat and pregnancy are determined using ultrasonography
(Stephenson et al. 2020apturingbighornis critical for translocations, and collaribgghornenables us to monitor

habitat use, disease risk, vital rates, and estimate herd Slapture is done with a ngfun fired from a helicopter

(Jessup et al. 1983ower analyses indicate we need to maintain collars on 35% of the female population in order to
detect 10% change in survival per year over 5 years using a known fate survival &Balyasn 2010)Functional

collars have proven essential for tracking survival and capseific mortality Collared bighorn and collared lions

provide complimentary information on predation by mountain lions and one or the other has proven essential in cases
where keeping both species collared in any given herd is challenging. We try to maintain this rsiarfer herds with

>20 females and in newly established herds. We focus capture and collaring efforts on females, as they tend to drive
population dynamics. Howewv, 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 sheepe(g.,Warren, Convict, and Wheeler)

Sierra Bighorn Population Estimation

Although minimum counts are not technically a statistical estimation with confidence intervals, we consider them an
GSadAYF(iSéeg 2F GKS LlLMzA A2y &aAl Sd 2AGK2dzi O2y FARSY O
shrinking popution or simply a bad or incomplete count. For this reason, we also developed our own metric of
YAYAYdzY O2dzy( ljdzr ft AGe o6FaSR 2y GKS LINBPBLRNIA2Y 2F FSYI
minimum counts are where we think, baseddrK S LINBS @A 2dza & S| NRa O2 dzy,hswelyaB 2 dzN.
1y26y Y2NIlIftAGASAa YR NBONHAGYSyids GKIFIG 68 KFEGS | 002
O2dzyia KIFI@S Fd fSFad wmw: 2F FSYILtESa 02ttt NBR FyR |4 f
have <20% of fmales collared or <80% of collared females seen during the survey. It is possible that a poor survey may
be accurate, particularly in the case of a herd with few marks but in which all dighern were seen. However, these
categories allow us to be more confident that a population trend is real if the minimum counts are consistently at the
GOSyadzaé 2N Gaz22Ré¢ f SPSt o

aAyAYdzy O2dzyia | NB abigboththgt wereNibixénSuRng thé irvely HuOstiboer&ntly

determined to have been present based on additional information. All reconstructions are carefully tracked. The most
common way minimum counts are reconstructed is to add collared individuals known to be alive bu¢malusing the
survey. A collared animal is censored after two years without visual, GPS collar, or radio telemetry observation; censor
date is one month after the lastetection In adlition, for herds with near census counts, a count from a given year can
often indicate that there must have been mdogghornpresent in the previous year than were counted. In this case,
additionalbighornmay be added to a previous yéaéount. Even with reconstructions, minimum counts tend to
underestimate true abundance, particularly in herds with >20 individuals, as it becomes more difficult to locate every
individual.
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season, we evaluated each survey individually and also considered combining multiple surveys to identify the MR
estimate with the lowest CV. We only report MR estimates with a coefficient of variation (CV) < 0.15.

Our rangewide abundance represents our best estimate of female population size and is compiled from herd unit
survey data. However, these rangade counts are somewhat confounded by seasonal differences in herd surveys. To
prevent doublecounting transleatedbighorn we only include translocatdaighornin summer counts of receiving
herds and remove them from winter counts of source herds. Wheeler and Baxter tend to be surveyed after most winter
mortality has occurred, but before lambing. Therefore, thal female count for these herds includes winter impacts on
adult and yearling survival but does not include the addition of recruiting lambs or their survival (lamb to yearling). Most
other herds are surveyed in summer, prior to any winter mortality.tRese herds, the total count of females does not
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include the impact of winter. Because of this, more complex vital rate analyses based on count data requires separatini
the data based on survey timing, or alternatively, focusing on data not associated with count data, such as collar surviv
(e.g., Conner et al. 2018)

We generally estimate that there are 2 males for every 3 females based on past counts in the Sierrq Wehadsen
1980)and various studies on bighorn she@pg., Valdez and Krausman 1998 believe this ratio is more accurate

than our male minimum count because we have so few males collared, and survey effort is focused on finding females
Our collaring efforts focus on females because they tend to drive population dynamics, but wenloarg males

collared to know that male survival tends to be lower than female surf@@hner et al. 20180ur more recent ground
counts target female home ranges and therefore produce low counts of males because males tend to use different
habitat (Schroeder et al. 2010)

Sierra Bighorn Survival Estimation

We estimate herespecific annual survival rates using the Kaplier staggereeentry estimator (Pollock et al. 1989).
Survival rates are based on collared individuals and only use herds with >3 collars. Survival estimates from herds with
few collars may show large changes that do not necessarily reflect the undextypption, as well as higher levels of
uncertainty caused by stochastic variation among colldmigtorn,rather than correctly representing survival of the
underlying population.

Sierra Bighorn Lamb Survival

We estimate lamb survival using the age ratio appro@®hite et al. 1996)We modified this approach using Kaplan

Meier estimates of survival from collared females instead of measuring adult survival from carcasses on winter range.
The age ratio approach assumes that the proportion of lambs counted in a given survey relative to the proportion of
adults counted is comant across all surveys. In other words, the likelihood of seeing a lamb is the same as the likelihooc
of seeing a female. This seems reasonable for Sierra bighorn survey observations. We bounded adult andivamnb surv
at 0 and 1. Similar to the variances calculated by White (1996) we used sequential applications of the delta method to
calculate the variance of the ratioSince our adult survival is not based on a ratio calculation, but on the Kaplan Meier
method,our calculations are expected to have a somewhat lower variance for similar survey effort.

Sierra Bighorn Pregnancy Rates

Pregnancy rate was determined from ultrasound during spring capture. Proportion of pregnant females observed with
lambs was estimated using the rangide pregnancy rates for adults (85%) and yearlings (55%) combined with the
average proportion of yearlinigmales (21%).

Sierra Bighorn Eigenvalue Lambda Estimation
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describe the population dynamics of Sierra bighorn of the following fdohnson 2010Johnson et al. 2010, Cahn et al.
2011) Equations are formulated based on the timing of the annual population survey:

Summer survey equation matrix Fecundity = lamb/ewe ratio (3Aug)

0 0 p m YOor® YO U 0
00 p 0 0 p Y 1 m 0 O
6 0 p T Y Yn 0 o

Winter survey equation matrix Recruitment = lamb/ewe ratio (Makpr)

mn YT® Y 0 O
00 p Y T m 0 0O
I Y Yn 0 o

Where N = number of individuals, F = fecundity, S = survival, R = recruitment, p = 1% senescent
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We then solve this linear series of simultaneous equations using eigenvectors and eigenvalues to get the ratio of
bolbmMOKkbOGloE 2N <3 (GKS Fyydzrf LRLIzZ FGA2Y INRSGIGK NI GS

MOUNTAIN LION POPULATION ESTIMATION

We monitor mountain lions throughout the range of Sierra bighorn to understand which herds may be experiencing
impacts from predation and the degree to which these impacts may hinder recovery. We use all available evidence to
create minimum counts of mouatn lions in each count zone, following techniques described in McBride et al. (2008).
Minimum counts encompass the total number of individual collared animals, the number of uncollared mortalities
documented, and the number of distinct unmarked animakst tban be identified. Minimum counts are conducted

within four separate count zones; the northern, central, southern, and Olancha count @eigase App. 1)We also

create a minimum count for mountain lions in the eastern Sierra outside of the count zones, but within the count zones
we attempt to count every animal present when possible. Lion minimum counts in this report reflect animals counted
May 1, 2022 April 30, 2023.

We used GPS locations from collared lions in conjunction with remote cameras to count the minimum number of
collared and uncollared lions in the study area. Our cameras were placed with two goals: 1) capturing photographs of
every lion in the study areand 2) obtaining photos of proper angle and quality to discern unique marks on individual
lions. Cameras were not placed in accordance with a grid or any other sampling scheme. We uskdesaadtor

naturally occurring mountain lion scent at scrape siées an attractant for the purpose of enticing lions to linger in front

of the camera and offer multiple angles of view as they turn their heads and bodies to investigate the scent, as describ
by McBride and Sensor (2015).

Lions in photographs were identified as individuals by 1) GPS collar location data, 2) unique collar features, 3) unique ¢
shapes due to healed lacerations, and 4) age of dependent subadultsot#8d animals were identified by GPS

locations placingnimals in proximity to cameras at the time of camera detections, and by unique features of collars
such as model, color, unit symmetry, and spacer modifications. Collared lions were classified as adults if they were
greater than 24 months of age and trdive) independently of their mother and siblings. A detection was defined by a

lion visiting a camera site yielding any number of photos. A new detection was counted if any one of the following
criteria were met: 1) greater than two hours elapsed betweentph, 2) different individual lions sequentially triggered

a camera regardless of elapsed time, and 3) different camera sites triggered by lion regardless of elapsed time or
distance between cameras. Detections of adult females with dependent subaduksclesssified as one detection of a
family group rather than multiple detections for the individual lions.

Identification of uncollared lions was based on unique scar patterns on ears and age of subadults. Uncollared lions wel
also distinguished based on simultaneous detections separated by sufficient distance such that it would have been
impossible for one din to trigger the two distant cameras within the timespan between detections. Tears, notches,
holes, and missing parts of ears are common in mountain lions, and while the bleeding edges will heal, they do not
regrow missing flesh. A lion may accumulatesthecars as time goes on, but they do not lose them. If a lion passes a
remote camera in January with no ear scars, then a lion passes the same camera in February with many ear scars this
counted as one lion because the scars could have been accumbleitsden the detections. However, if a lion passes a
camera in January with many ear scars, then a lion passes the same camera in February with no ear scars, these
photographs represent two individual lions. All lions within a gender with no ear scacswaméed as one individual.

Female lions with no ear scars or other uniqgue marks can be identified by the age of their dependent young that appea
in photos with them. For example, if a camera detects a female lion with a groumohth-old subadults andhe

following week the same camera detects a female lion with a group-ofid2h-old subadults than that would yield a

count of two adult females.

Uncollared subadult lions were classified as individuals by the adult female which they were photographed with, by the
number of animals visible in a single frame, and by the gender of those animals. Subadults photographed by themselve
with no adult femag present were counted as one of the known subadults belonging to a known adult female unless the
age of the unknown animal was not consistent with that of the known animals.
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Uncollared lions were classified as adults if they were photographed with dependent young, or if they met all of the
following criteria: 1) had no juvenile pelage or morphological characteristics, 2) had unique ear notches which
distinguished them from aknown lions, and 3) were photographed repeatedly over a period of months indicating
residency. Collared and uncollared lions that could not be identified as individuals by the methods described above we
classified as unknown.

Figure App. 1Mountain lion count zones in the eastern SidMevada with Sierra bighorn herd units for reference.
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