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Abstract: We used retrospective analyses to evaluate relationships between fire history,
precipitation, and productivity in bighorn sheep (Ovis canadensis nelsoni) and mule deer
(Odocoileus hemionus californicus) in southern California’s San Gabriel Mountains. The
number of bighorn sheep increased 5 times faster after fires on chaparral-covered ranges than the
number of sheep on unburned chaparral ranges. When individual time periods were considered
during 1976-2006, bighorn sheep population estimates were positively associated (P <0.01) with
the amount to winter-spring range burned during all years except 1989-1995. As vegetation
matured and habitat suitability declined, the density of female sheep increased, and recruitment
declined. Mule deer recruitment rates were positively associated (P <0.1) with the amount of
winter-spring range burned during 1976-1989, but not in later years. During 1985-2004, there
was a linear relationship (r> = 0.58, P = 0.004) between mule deer recruitment rates and
precipitation during pregnancy, whereas bighorn sheep recruitment rates were not associated (P
> 0.05) with precipitation during pregnancy. During years with less than normal precipitation
(1989-1990 and 1999-2004) mule deer recruitment rates were approximately 50% less than
recruitment rates during all years with at least normal precipitation, which was also reflected in
lower mule deer abundance. We hypothesize that a lack of wildfires combined with drought
reduced mule deer availability, and mountain lion (Felis concolor) predation was responsible for
the population decline in bighorn sheep during 1989-1995.
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INTRODUCTION and Davis 2007) and highly nutritious forage
Bighorn sheep (Ovis canadensis crop (Biswell et al. 1952, Taber and
nelsoni) and mule deer (Odocoileus Dasmann 1958). In response to wildfires in
hemionus californicus) are sympatric in the chaparral, black-tailed deer (O. h.
eastern half of southern California’s San columbianus) move into recently burned
Gabriel Mountains, occupying chaparral for areas to consume higher quality forage,
at least 4 months during winter and spring which results in improved fawn production
each year (Cronemiller and Bartholomew and survival (Taber and Dasmann 1957,
1950, Weaver et al. 1972, Holl and Bleich 1958). High densities of black-tailed deer
1983). Chaparral is a fire-adapted remain in burned areas for 4-5 years post-
community characterized by periodic large fire (Taber and Dasmann 1957, 1958) before
and intense crown fires that reduce shrub declining.
canopy cover and produce an ephemeral Bighorn sheep in the San Gabriel
(Biswell et al. 1952, Hanes 1971, Keeley Mountains are attracted to recently burned
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areas (Holl et al. 2004), presumably in
search of increased forage quality (Biswell
et al. 1952, Hobbs and Spowart 1984).
Their distribution is positively associated
with those burned areas for <15 years after
fires and negatively associated with those
areas >15 years after fires (Bleich et al.
2008), likely because changes in shrub cover
affects their field of vision that is necessary
for predator detection (Risenhoover and
Bailey 1980). Although the positive effects
of wildfire on habitat suitability and
resulting influences on  demographic
parameters of bighorn sheep habitat have
been inferred by several authors (Stelfox
1976, Wakelyn 1987, Etchberger et al. 1989,
Holl et al. 2004), there are no quantitative
descriptions of the relationships between fire
history and bighorn sheep demographics
(Cain et al. 2005).

The decline in the area burned by
wildfires in the San Gabriel Mountains
during 1980-1995 (Bleich et al. 2008)
appeared to correspond to the decline in
population estimates (+SE) for bighorn
sheep from 740+49 to 130 individuals (Holl
and Bleich 2009) and a similar decline in
mule deer during that same period (Holl et
al. 2004). During 1997-2003 wildfires
burned 70,100 ha in the San Gabriel
Mountains and the bighorn sheep population
increased to 292+69 by 2006 (Holl and
Bleich 2009); however, the abundance of
mule deer did not appear to increase
immediately, as indicated by the reported
buck harvest (California Department of Fish
and Game [CDFG] files).

In xeric southwestern mountain
ranges precipitation influences nutrient
availability (McKinney et al. 2006) and
recruitment of young in bighorn sheep
(Leslie and Douglas 1979, Wehausen et al.
1987, Douglas 2001, McKinney et al. 2006)
and mule deer (Marshall et al. 2002,
Lawrence et al. 2004, Bender et al. 2007).
Moreover, lower than normal precipitation
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was associated with mule deer population
declines in the southwest during 1985-1990
(Kucera 1988, Sweitzer et al. 1997, Logan
and Sweanor 2001, Kamler 2002). The San
Gabriel Mountains are, however, a mesic
range with predictably greater annual
precipitation (89+6.3 cm, Mt. Wilson, CA)
than desert mountain ranges (10.8+0.86 cm,
Barstow, CA) occupied by bighorn sheep
and mule deer.

Early winter precipitation
contributed to variation in lamb recruitment
rates during 1976-1984 (Holl and Bleich
1983, Holl et al. 2004, Holl and Bleich
2009) when female bighorn sheep densities
were high (Holl et al. 2004). Available data
for mule deer indicate precipitation on the
central coast of California, a mesic area west
of the San Gabriel Mountains, was
positively correlated with the reported buck
harvest (Longhurst et al. 1976); however,
nothing is known about the effects of
precipitation on mule deer in this mountain
range.

Habitat management for both species
in these mountains has been limited to
wildfires. Prescribed burning is an effective
management technique that mimics the
results of a wildfire and will improve mule
deer habitat in chaparral (Biswell et al. 1952,
Taber and Dasmann 1957, 1958) and it is the
only technique available to improve bighorn
sheep habitat in this mountain range because
excessively steep slopes preclude the use of
mechanical equipment. Both species receive
additional management consideration by the
Forest Service and CDFG because bighorn
sheep qualify as a distinct vertebrate
population segment (Holl 2002) and they are
listed as a regionally sensitive species by the
Forest Service and as a fully protected
species by the State of California (CDFG
Code section 4700), and mule deer are an
important game species in this mountain
range. Therefore, understanding the
relationships between fire, precipitation, and
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demographic responses is fundamental to
implementing effective management
strategies for both species.

Based on our observations in the San
Gabriel Mountains during 1976-2006 we
conducted this retrospective analysis to
evaluate 4 hypotheses:1) wildfires on
chaparral ranges increased lamb recruitment
in bighorn sheep, similar to that described
for black-tailed deer in chaparral (Taber and
Dasmann (1957, 1958); 2) as a result of
improved recruitment sheep populations on
burned ranges increased faster than
populations on unburned ranges; and 3)
wildfire history was associated with the
abundance of bighorn sheep and mule deer.
We also hypothesized that (4) precipitation
was associated with recruitment in mule
deer, which affected their abundance.

STUDY AREA

The San Gabriel Mountains, located
in Los Angeles and San Bernardino
counties, California (34°19°N; 117°45°W),
are part of the Transverse Range. The San
Gabriel are essentially isolated from the
adjacent Santa Monica and San Bernardino
ranges (Epps 2007) by 10 million people
along the southern boundary, eight lane
freeways along the eastern and western
flanks of the range, and the Antelope Valley
to the north, which provides little suitable
habitat for either species. Over 95% of the
mountain range is administered by the
Angeles and San Bernardino National
forests.

Elevations range from 200-3,300 m;
below 1,850 m the climate is Mediterranean,
characterized by hot, dry summers and cool,
moist  winters, where 95% of the
precipitation occurs between October 1 and
May 1 (Bailey 1966). Cooler temperatures
and snow are common above 1,850 m.
Springs, which provide surface water, are
not uncommon on the steep slopes and
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permanent streams occur in the bottoms of
the larger canyons.

Chaparral, the dominant vegetation
below 1,850 m, is adapted to the summer

droughts, by becoming dormant during
summer. As moisture levels decline in
shrubs, the vegetation becomes more

susceptible to fire (Hanes 1971, Keeley and
Davis 2007). The fire regime is
characterized by 30-70 year fire-return
intervals and high intensity crown fires
(Stephenson and Calcarone 1999, Keeley
and Fotheringham 2001, Minnich 2001) that
are frequently driven by strong winds during
the fall (Keeley and Fotheringham 2001,
2003, Minnich 2001).

Post-fire succession in chaparral has
been described in detail elsewhere (Biswell
et al. 1952, Hanes 1971, Keeley and Davis
2007). After most fires, fall and winter rains
germinate the abundant seeds of annual
grasses and herbaceous plants; however, this
ephemeral flora is essentially gone by the
3rd year post-fire because of increased
crown cover of shrubs, such as chamise
(Adenostoma fasciculatum), California lilac
(Ceanothus spp.), manzanita (Arctostaphylos
spp.), scrub oak (Quercus dumosa), and
mountain mahogany (Cercocarpus
betuloides) that sprout from root burls,
seeds, or both. Growth is rapid the first
season, often exceeding 50 cm in height; as
canopy cover increases, it often forms
impenetrable stands.

Bighorn sheep are distributed among
4 subgroups (Figure 1), of which 3 each use
a single winter-spring range (Cattle Canyon,
East Fork San Gabriel River, and San
Gabriel Wilderness) and 1 subgroup
(Cucamonga) uses 5 winter-spring ranges
(Middle and South Forks Lytle Creek, Deer
Canyon, Cucamonga Canyon, and Barrett-
Cascade Canyons). Additional descriptions
of these populations are provided by Weaver
et al. (1972), Holl and Bleich (1983), and
Holl et al. (2004). Mule deer occur
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Figure 1. Distribution of bighorn sheep seasonal ranges in the San Gabriel Mountains, California.

throughout the mountain range (Cronemiller
and Bartholomew 1950). Both species
include resident animals that remain on
chaparral ranges year around and migratory
animals that migrate above 1,850 m
elevation during summer, presumably in
search of more nutritious forage (Hebert
1973, Festa-Bianchet 1988). The mountain
range also supports a full complement of
predators capable of killing bighorn sheep or
mule deer, including mountain lions (Puma
concolor), bobcats (Lynx rufus), coyotes
(Canis latrans) and black bears (Ursus
americanus); no livestock allotments are
permitted on national forest land and no
incidents of disease that could have affected
population levels of bighorn sheep (Holl et
al. 2004) or mule deer (CDFG files) have
been reported.

METHODS

We wused data from population
surveys of bighorn sheep and mule deer,
Forest Service fire history reports, and
precipitation records from Mt. Wilson, Los
Angeles, County, CA collected during 1976-
2006. None of these data sets were initially
designed to satisfy an experimental design
targeted to address our 4 hypotheses;
therefore, we used the serendipitous
wildfires to compare the response of bighorn
sheep between burned and unburned areas
and to evaluate chronological responses to
fire and precipitation.
Demographic Data for Bighorn Sheep
and Mule Deer

We used demographic data from
annual March helicopter surveys of bighorn
sheep in the San Gabriel Mountains,
conducted since 1976 (Holl et al. 2004,
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Bleich et al. 2008, Holl and Bleich 2009), to
estimate age and sex composition and
recruitment rates of bighorn sheep.
Similarly, we used data on sex and age ratios
obtained during helicopter surveys of mule
deer by CDFG personnel during November
1985-2004.

We used the annual reported buck
harvest for Los Angeles County, adjusted to
include only animals removed from the
national forest (79-88% of the total harvest),
as an index to estimate changes in mule deer
abundance during 1976-2006; hunter tag
returns are used by at least 40% of state
agencies to track deer population trends
(Rupp et al. 2000) and there was a
significant correlation between the reported
buck harvest and the number of mule deer
observed per hour of helicopter survey time
in this mountain range during 1985-1998
(Holl et al. 2004), indicating tag returns
provided a valid index of abundance.
During the surveys all animals that were
observed moved in response to the
helicopter and no bias in visibility as a result
of animal movement or plant succession was
detected (Holl et al. 2004, Bleich et al.
2008).

Comparison of Bighorn Sheep
Recruitment and Growth Rates between
Burned and Unburned Ranges

We calculated 95% confidence limits
for recruitment rates following Riney (1956)
and compared bighorn sheep recruitment
rates from individual winter-spring ranges
that burned in 1975, 1997, and 2003 with
recruitment rates on unburned ranges during
those same periods using Fisher’s exact test.
We limited these comparisons to 1.5-3.5
years post-fire because the nutritional
benefits in chaparral and montane
shrublands only lasts 2-3 years (Taber and
Dasman 1958, Hobbs and Spowart 1984).
All fires occurred during fall, and we did not
consider recruitment rates obtained the first
March post-fire because those fires would
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not have affected nutritional status of young,
which were 6-8 months-of-age and weaned
when the fires occurred.

We compared the exponential rates
of increase for bighorn sheep occupying
burned and unburned ranges during 1996-
2006, the only period we identified where
the abundance of bighorn sheep on multiple
burned and unburned ranges could be
evaluated simultaneously. The total number
of animals counted during the annual
surveys was used to calculate the rates of
increase (Caughley 1977). Burned ranges
were the East Fork of the San Gabriel River,
which burned in 1997 and the Cucamonga
subunit that burned in 2003. We used 1996
for the initial year in the Cucamonga subunit
because some of the winter-spring ranges
were not surveyed between 1999 and 2002
and, therefore, could not contribute to the
analysis. Unburned ranges were Cattle
Canyon and the San Gabriel Wilderness
winter-spring ranges which had not burned
since at least 1975.

Responses of Bighorn Sheep and Mule
deer to Changes in Habitat Suitability
Resulting from Wildfires

We used Forest Service fire history
data to determine the area burned annually
on bighorn sheep winter-spring ranges
(Figure 1) and the entire mountain range was
used for mule deer. Within those areas the
amount of suitable habitat resulting from fire
(HSF) was recalculated annually as the area
burned <15 years ago for bighorn sheep and
<5 years ago for mule deer. We used 15
years for bighorn sheep because they are
positively associated with burned areas for
15 years post-fire (Bleich et al. 2008) and
we used 5 years for mule deer because Taber
and Dasmann (1957) concluded deer
densities in chaparral habitat returned to pre-
burn levels approximately 4-5 years post-
fire. As a result, the HSF includes a spatial
and temporal component.
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We wused correlation analysis to
determine the relationships between bighorn
sheep HSF and population estimates (Holl
and Bleich 2009) during 1976-2006; we
repeated the analysis for 3 shorter periods:
1976-1989, and 1989-1995, periods where
sheep declined at different rates (Holl et al.
2004, Holl and Bleich 2009); and 1995-
2006, when the sheep population increased.
We used linear regression to evaluate the
influence of density on lamb recruitment,
with adult female density as the independent
variable.  The number of females was
determined using the observed age and sex
ratios obtained during the surveys and the
reconstructed population estimates (Holl and
Bleich 2009). This analysis did not include
1976-1984, when recruitment was associated
with early winter precipitation and low
temperatures and precipitation during the
spring birthing season (Holl et al. 2004).
We also used correlation to determine the
relationship between mule deer HSF and the
reported buck harvest during 1976-2006.
We repeated that analysis during 2 shorter
periods, 1976-1989 and 1989-2006. The
reported buck harvest was also staggered 3
years to represent fawn production 3 years
earlier to determine if changes in mule deer
HSF were associated with earlier fawn
recruitment.

Response of Recruitment to Precipitation

We used precipitation as an index of
annual nutrient availability in forage
(McKinney et al. 2006). We used
correlation and regression analyses to test
for a relationship  between nutrient
availability — during  pregnancy  (total
precipitation October-March) and observed
fawn and lamb recruitment rates during
1985-2004.

Acceptance of Statistical Tests
All statistical tests were considered
to be significant when a < 0.05, except for
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the relationship between reported buck
harvest and mule deer HSF, when a = 0.1
was accepted because an index of abundance
was used and that index was staggered to
represent events that occurred 3 years
earlier.

RESULTS
Comparison of Bighorn Sheep
Recruitment and Exponential Growth

Rates between Burned and Unburned
Ranges

Recruitment Rates.—Following the
1975 fire, recruitment rates of bighorn sheep
at 1.5 years were lower on the burned range
in Cattle Canyon (13£10) than the unburned
ranges (37+11) (P = 0.009; Table 1) and at
2.5 years, recruitment rates were higher on
the burned range (37+23) than the unburned
ranges (10x6) (P = 0.003); there was no
difference (P = 0.99) 3.5 years post-fire. No
data on recruitment rates were available
from the East Fork San Gabriel River
immediately following the 1997 fire;
however, there was no difference in
recruitment rates (P = 0.28) between burned
and unburned ranges 3.5 years post-fire.
Although recruitment rates appeared higher
on the Cucamonga subunit than on the
unburned ranges at 1.5 years post-fire
(76£81 vs. 33+24) and at 2.5 years (28+16
vs. 22+16), they were not statistically
different (P = 0.17). There was no
difference (P = 0.82) at 3.5 years post-fire
(Table 1).

Exponential Rates of Increase.—
From 1996-2006, the exponential rate of
increase for bighorn sheep was 0.103 on the
East Fork San Gabriel River winter-spring
range following the 1997 fire and it was
0.133 in the Cucamonga subgroup (burned
in 2003) during 1998-2006. Given these
rates, the East Fork San Gabriel River
population would double every 6.6 years and
the Cucamonga subgroup would double
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Table 1. Recruitment rates (LL:100EE) + 95% confidence limits in burned and unburned
winter-spring ranges following 3 fires in the San Gabriel Mountains, California.

Years of Fires

Years 1975 1997 2003

Post- Cattle  Unburned East Fork  Unburned Cucamonga  Unburned
Fire  Canyon Ranges San Gabriel Ranges Subgroup Ranges
15 13+10*  37+11* 76181 28+16
2.5 37+23* 10+6* 33+24 22+16
35 36+20 36+10 14421 43+34 62+32 68+49

* significant differences ( P < 0.05) between burned and unburned ranges for each fire.

every 5.2 years. On the 2 unburned ranges,
the exponential rate of increase was 0.022
and the population would be expected to
double about every 32 years.

Responses of Bighorn Sheep and Mule
Deer to Changes in Habitat Suitability
Resulting from Wildfires

Bighorn Sheep.—During 1976-2006
HSF for bighorn sheep winter-spring ranges
varied from 2,093 ha in 1976 to 2,837 ha in

The HSF increased as a result of large
wildfires in 1975, 1980, 1997, and 2003.
Although small wildfires in 1983 and 1984
burned portions (115 ha) of 2 winter-spring
ranges, it did not result in a net increase in
available habitat because larger quantities of
habitat on other winter-spring ranges were
simultaneously maturing and becoming less
suitable for bighorn sheep. There was a
significant correlation ( ryg = 0.414, P <
0.05) Dbetween the HSF and population

1980, declined to 670 ha in 1994, and estimates during 1976-2006 (Figure 2).
increased to 3,392 ha in 2003 (Figure 2).
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Figure 2. Changes in bighorn sheep population estimates and habitat suitability resulting from
fire (HSF) during 1976-2006 in the San Gabriel Mountains, California.
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When individual time periods were
considered, the relationships between the
HSF and population estimates improved
during 1976-1989 ( r;, = 0.654, P < 0.01),
when the largest population estimate
(740+49) was obtained, and during 1995-
2006 (rip = 0.823, P < 0.01), as the
population increased from 130 in 1995 to
292469 in 2006 (Fig. 2). There was no
correlation between the HSF and bighorn
sheep population estimates during 1989-
1995 (rs = 0.69, P > 0.05) when the HSF
remained unchanged from 1989-1993 and
the bighorn sheep population declined from
501+30 to 203 animals (Figure 2); during
1994-1995 both the HSF and the sheep
population estimates declined, culminating
in 130 bighorn sheep. Thus, 80% of the
population  decline during 1989-1995
occurred when there was no change in the
HSF, suggesting other factors were affecting
the number of sheep.

During 1976-1979 mean densities
were 16.6 ewes/km’ HSF; densities
increased to a peak of 21.3 ewes/km?® in
1984, and then declined to 15.6 ewe/ km?
and 5.0 ewe/ km® in 1986 and 1997,
respectively, following wildfires; densities
then increased to 17.9 females/ km? in 2002.
In response to the 2003 wildfire, mean
densities declined to 10.7 /km? during 2004-
2006. During 1984-2006 there was a linear
and negative relationship (slope = -1.21; r* =
0.47, P < 0.05) between lamb recruitment
rates and ewe density (Figure 3).

Mule Deer.—The mule deer HSF
was more variable during 1976-2006 (Figure
4) than the bighorn sheep HSF (Figure 2).
The HSF increased in response to wildfires
in 1975, 1979, 1988, 1997, and 2003 (Figure
4) and oscillated during 1985-2002. There
was no relationship (ro9 = 0.04, P >0.1)
between the HSF and reported buck harvest
(Figure 4) during 1976-2006.
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When shorter time periods were used
and the reported harvest was staggered 3
years there was a relationship (ris = 0.51, P<
0.1) between the HSF during 1973-1986 and
the reported buck harvest during 1976-1989,
indicating fawn recruitment was associated
with changes in the HSF. That relationship
did not occur (rig = 0.158, P >0.1) during
1989-2006, indicating other factors may
have been associated with fawn recruitment.

Response of Recruitment to Precipitation

There was a linear relationship (y =
10.3 + 0.34x, r* = 0.58, P = 0.004) between
precipitation during pregnancy and fawn
recruitment during 1985-2004, while there
was no relationship between precipitation
and lamb recruitment during the same years
(rie = 0.323, P > 0.05) (Figure 5). Fawn
recruitment rates were approximately 50%
lower during periods of less than normal
precipitation in 1990 (23) and 1999-2004
(20£4.4) when compared to the mean
recruitment rate (47+3.4) during years of at
least normal precipitation.
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Figure 3. Relationship between ewe density
and recruitment during 1984-2006 in the San
Gabriel Mountains, California.
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Figure 5. Relationship between precipitation
during pregnancy and recruitment rates in mule
deer and bighorn sheep during 1985-2004 in the
San Gabriel Mountains, California.

DISCUSSION

Comparison of Bighorn Sheep
Recruitment and Growth Rates between
Burned and Unburned Ranges
Recruitment Rates.—Improved
nutrition has been associated with increased
recruitment in bighorn sheep (Seip and
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Bunnell 1985, Blanchard et al. 2003,
McKinney et al. 2006), and forage quality in
chaparral improves for 2-3 years after fires
(Biswell et al. 1952). Although we expected
recruitment would be consistently higher on
burned ranges for at least 2 years following
fires, we detected that pattern only during
the second year after the 1975 fire (Table 1).
Small samples sizes (n < 20 females) in the
East Fork of the San Gabriel River in 2001,
Cucamonga Canyon in 2005, and on
unburned ranges in 2007 may not have
yielded  representative  estimates  of
recruitment rates; however, sample sizes
were substantially larger (n > 30 females)
for all other ranges and years, and likely had
little influence on our ability to detect
differences. Alternatively, intra-annual
differences in the distribution of bighorn
sheep may have had an important, but
undetected, affect.

Earlier investigators (Weaver et al.
1972, Holl and Bleich 1983) noted that both
resident and migratory bighorn sheep
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occurred in the San Gabriel Mountains.
Resident animals generally remain below
2,000 m elevation, while all migratory
animals occupy summer ranges above 2,000
m.  Vegetation  associations  change
substantially above 1,850 m, and sheep that
migrate to higher elevations can take
advantage of differences in plant phenology
and, presumably, more nutritional forage
than animals remaining on lower elevation
ranges (Hebert 1973, Wehausen 1983, Festa-
Bianchet 1988). Our ability to detect
differences in recruitment rates was
confounded by sympatry between resident
and migratory animals, which were
indistinguishable during the annual aerial
surveys on winter-spring ranges.

Exponential Rates of Increase.—
Exponential rates of increase on burned
ranges indicated bighorn sheep subgroups
doubled every 5-6 years when compared
with 32 years on unburned ranges, and the
very low rate of increase on unburned ranges
indicated that the majority of the population
increase after 1997 was attributable to
additional sheep on burned ranges. It is very
unlikely that additional bighorn sheep on
burned ranges was the result of immigration
because bighorn sheep have high fidelity to
seasonal ranges (Geist 1971), there are large
patches of unsuitable and unoccupied habitat
between winter-spring ranges (Holl and
Bleich 1983), and available evidence
indicates the San Gabriel Mountains are
effectively isolated from other mountain
ranges inhabited by bighorn sheep (Bleich et
al. 1996, Epps et al. 2007). Short pulses of
improved forage quality and recruitment on
burned ranges would however, increase the
number of animals and contribute to the
higher rates of increase on those ranges.

Responses of Bighorn Sheep and Mule
Deer to Changes in Habitat Suitability
Resulting from Wildfires
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Bighorn Sheep.—Wildfire changes
the suitability and availability of bighorn
sheep habitat (Stelfox 1976, Riggs and Peek
1980, Wakelyn 1987, Etchberger et al. 1989,
Cain et al. 2005, Bleich et al. 2008) by
reducing the canopy cover of shrubs and
trees, which improves access and the field of
vision of bighorn sheep (Risenhoover and
Bailey 1980, Holl and Bleich 1983) which is
required for the detection of predators. The
HSF for winter-spring ranges used by
bighorn sheep in the San Gabriel Mountains
expanded and contracted during 1976-2006
as a result of wildfires and the HSF was
positively associated with  population
changes in bighorn sheep during that period
(Figure 2). When individual time periods
were considered, the relationship between
the HSF and bighorn sheep abundance
improved during 1976-1989 and during
1995-2006; however, there was no
relationship between HSF and abundance
during 1989-1995.

During 1976-1989 the HSF initially
improved as a result of wildfires in 1975 and
1980 and the largest population estimate,
749149, was recorded in 1980 (Figure 2).
After 1980 the HSF started to decline as a
result of increased shrub growth and canopy
cover in previously burned areas, and this
corresponded with a decline in the
abundance of bighorn sheep. During 1976-
1982 adult survival was high, recruitment
rates were influenced by precipitation and
cold temperatures during the birthing
season, and the exponential rate of increase
(0.015) indicated the population was stable
(Holl et al. 2004, Holl and Bleich 2009).
Although small wildfires burned on winter-
spring ranges after 1983 the HSF declined
46% during 1983-1989 (Figure 2), fewer
sheep were observed in previously burned
areas during the annual surveys (Holl et al.
2004), and the population estimates declined
23% during that period (Figure 2).
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Between 1989 and 1995, there was
no relationship between the HSF and
bighorn sheep population estimates because
the HSF remained unchanged during the
first 4 years of that period while 80% of the
sheep population decline during 1989-1995
occurred (Figure 2), indicating another
factor was associated with the population
decline.

The rate of the population decline
during 1989-1995 was 4 times the rate of the
decline during 1982-1989 (Holl et al. 2004,
Holl and Bleich 2009), and it was
characterized by the loss of adult sheep
(Holl et al. 2004), which is uncommon
(Gaillard et al. 2000, Harris et al. 2008);
however, disease or large predators may
account for much of the variation in adult
survival (Gaillard et al. 2000). There is no
evidence that disease influenced population
changes in bighorn sheep in the San Gabriel
Mountains (Holl et al. 2004). Based on the
known demographic changes in the San
Gabriel Mountains and observed declines in
bighorn sheep resulting from mountain lion
predation in nearby mountain ranges during
a similar time period (Wehausen 1996,
Hayes et al. 2000, Schaefer et al. 2000), it
previously had been hypothesized that the
bighorn sheep population decline during
1989-1995 was associated with mountain
lion predation (Holl et al. 2004, Holl and
Bleich 2009).

By 1995 the HSF and bighorn sheep
population reached their lowest values
(Figure 2). All previously burned areas had
recovered and dense shrub cover would have
substantially reduced the visual field of
sheep and their ability to detect predators or
move into adjacent habitat. Wakelyn (1987)
and Etchberger et al. (1989) reported
bighorn sheep abandoned seasonal ranges in
the absence of fire in other mountain ranges.
Yet, during the annual surveys in 1995 and
1996, sheep were observed on every winter-
spring range except Cucamonga Canyon.
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Similarly, during 1976-1983 an estimated
290 bighorn sheep inhabited the Iron
Mountain and Twin Peaks subgroups (Holl
and Bleich 1983) even though those 2 areas
had not burned in more than 25 years. Thus,
the lack of fires in the San Gabriel
Mountains did not result in complete
abandonment of all seasonal ranges. In the
absence of fire, escape terrain (Holl 1982)
remains suitable habitat providing a refuge
in the San Gabriel Mountains, likely because
the steep, rocky substrate limits the density
of shrubs and does not eliminate the ability
of bighorn sheep to detect predators. As a
result, the majority of the population
changes associated with fire-related habitat
changes likely occurred because fire had a
disproportionately greater effect on the
suitability and availability of chaparral
habitat adjacent to escape terrain. Wildfires
in 1997 and 2003 increased the HSF, which
was associated with an increase in the
number of bighorn sheep during 1998-2006
(Figure 2; Holl and Bleich 2009).

The reduction in shrub canopy cover
that resulted from the wildfires in 1975,
1980, 1986, 1997, and 2003 increased the
field of vision of bighorn sheep and
improved access into recently burned areas
(Stelfox 1976, Smith et al. 1989, Holl et al.
2004, DeCesare and Pletscher 2006), which
reduced sheep densities, presumably as they
searched for higher quality forage (Biswell
et al. 1952, Hobbs and Spowart 1984).
Browse species compose approximately
60% of the annual diet of bighorn sheep in
the San Gabriel Mountains (Perry et al.
1987); therefore, seedlings and basal sprouts
from root burls, combined with increased
availability of grasses and forbs that
followed fires, likely resulted in a short-term
improvement in the quality of their diets
(Biswell et al. 1952, Taber and Dasmann
1958, Hobbs and Spowart 1984) and should
have improved lamb recruitment. Although
this was not detected when recruitment on
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burned and unburned ranges was compared
(Table 1), the number of bighorn sheep on
burned ranges increased about 5 times faster
than on unburned ranges.

During 1984-2006 there was a
negative relationship between the density of
adult females and recruitment rates (Figure
3). Density estimates are also ratios and are
subject to the same concerns identified for
age ratios (Caughley 1974, McCullough
1994, Harris et al. 2008), where changes in
either the numerator (number of females) or
denominator (area of habitat) can affect the
ratio.

The highest density of ewes occurred
in 1984. That peak resulted from a decline
in the HSF during 1983-1984, rather than an
increase in the number of ewes (Figure 2).
Ewe densities generally declined during
1984-1997 as the number of ewes and the
HSF declined (Figure 2), the latter a result of
increased shrub cover. As ewe survivorship
improved after 1995, density increased and
recruitment rates declined until the 2003 fire
increased the HSF, and thereby allowed
sheep to redistribute themselves, reduce
densities, and increase recruitment.

Mule Deer— Population estimates of
mule deer were not available, but the
reported buck harvest was correlated with
the results of helicopter surveys and
provides a reasonable index of changes in
abundance in this mountain range (Holl et
al. 2004). Annual changes in the HSF were
not associated with the reported buck
harvest, indicating habitat changes did not
affect hunter success and minimized another
potential source of bias that could have
affected our analyses.

Black-tailed deer that occupy
chaparral-dominated habitat increase
production and survival of young for
approximately 3 years post-fire (Taber and
Dasmann 1957). During 1976-1989 the
reported buck harvest was positively
associated with the HSF 3 years earlier,
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indicating the HSF was associated with fawn
recruitment 3 years earlier.  Thus, the
population increase during 1976-1981, as
indicated by the reported buck harvest for
those years, resulted from an increase in
fawn recruitment that was initiated by earlier
in the HSF (Figure 4).

Between 1981 and 1989, the reported
buck harvest indicated the deer population
declined by approximately 26% (Figure 4).
That population decline corresponded with a
reduction in the amount of habitat that had
burned and lower recruitment 3 years earlier,
which is consistent with the decline in the
number of black-tailed deer that occurred as
chaparral matured (Taber and Dasmann
1957, 1958). Following 1989, the reported
buck harvest and aerial survey data (CDFG
files) indicated a sharp decline in the deer
population. During1990-1992, the reported
buck harvest declined 40% from 1989
levels. Harvest data indicated that mule deer
increased during 1993-2000 and then
oscillated, but those changes were not
related to habitat changes (Figure 4). Thus,
factors other than habitat changes resulting
from wildfires likely affected the mule deer
population after 1989 (Figure 4).

Effects of Precipitation

During 1976-2004, fawn recruitment
was directly affected by nutrient availability,
as indexed by precipitation (Figure 5), and
the lowest fawn recruitment rates occurred
during 1989-1990 and 1999-2004, periods of
lower than normal precipitation and when
the HSF was not associated with the
abundance of mule deer.

Mule deer commonly produce
multiparous births (Anderson 1981), and
nutrition affects ovulation and fetal rates,
and fetal growth rates, in mule and white-
tailed deer (O. virginianus). Females on
lower nutritional planes produce fewer and
smaller young (Taber and Dasmann 1957,
1958; Verme 1963, 1969). More recently,
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fawn production and survival on arid
southwest ranges has been linked to
precipitation and forage production (Kucera
1988, Lawrence et al. 2004, Bender et al.
2007) and population declines in
southeastern California (Pierce et al. 2000).
Similar observations of the effects of
drought on mule deer recruitment and
abundance were also reported from Arizona
(Kamler et al. 2002), New Mexico (Logan
and Sweanor 2001), and Nevada (Sweitzer
et al. 1997). Thus, a regional drought
appears to have been associated with the
decline or constrained growth in mule deer
populations across the southwest during the
1990s.

There was no apparent relationship
between lamb recruitment and precipitation
(Figure 5). Browse species comprise most
of the annual diets of mule deer and bighorn
sheep in the San Gabriel Mountains
(Cronemiller and Bartholomew 1950, Perry
et al. 1987), and the timing of changes in the
nutritional value of the annual diet of black-
tailed deer in chaparral (Taber and Dasmann
1958) is identical to that for bighorn sheep
in the San Gabriel Mountains (Perry et al.
1987). Young of both species are born April
through June, with the majority in May
(Cronemiller and Bartholomew 1950, Holl
and Bleich 1983). Thus, differences in
foraging strategies or the timing of births do
not explain observed differences in
responses to  decreased levels of
precipitation and nutrient availability.

Bighorn sheep produce a single
young (Geist 1971) and the birth weight of
that young is small in relation to maternal
weight when compared to white-tailed or
black-tailed deer (Robbins and Robbins
1979). Producing a single offspring that is
small would be advantageous during periods
of reduced nutrient availability; conversely,
a smaller individual would have a larger
surface area:volume ratio, which would be
disadvantageous if it was cold and wet
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during the birthing period (Holl et al. 2004).
Although lack of precipitation in desert
ranges affects nutrient availability and lamb
recruitment (Leslie and Douglas 1979,
Wehausen et al. 1987, Douglas 2001,
McKinney et al. 2006), the San Gabriel
Mountains are mesic and produce more
biomass than those desert ranges; as a result,
recruitment in bighorn sheep was less apt to
be affected by changes in precipitation (an
index to nutrient availability) than in arid
desert ranges.

CONCLUSIONS

Wildfires on chaparral winter-spring
ranges in the San Gabriel Mountains
improved habitat suitability, resulting in
reduced ewe densities that were associated
with increased recruitment rates and bighorn

sheep populations on burned ranges
increased faster than populations on
unburned ranges. Wildfire history was

associated with the abundance of bighorn
sheep during all years except 1989-1995,
and with the abundance of mule deer during
1976-1989. Precipitation during pregnancy
was associated with recruitment in mule
deer, and drought years reduced recruitment
and mule deer abundance during the 1990s,
similar to what was observed in other mule
deer populations in the southwest during that
period.

In their review of temporal variation
in the dynamics of ungulates Gaillard et al.
(2000) identified 4 sources of temporal
variation that influenced demographic
responses in large herbivores: predictable
seasonal environmental variation,
unpredictable weather fluctuations, density-
dependent responses, and changes in the
behavior or abundance of predators.
California’s very predictable Mediterranean
climate results in a similar annual cycle in
forage quality in chaparral. In northern
California, the crude protein content in
chaparral browse consumed by black-tailed
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deer peaked in April, then declined to its
lowest quantity in September and gradually
increased during winter fall and winter
(Taber and Dasmann 1958).  This is
identical to the annual cycle of crude protein
content in the diet of bighorn sheep in the
San Gabriel Mountains (Perry et al. 1987).
The predictability of the annual forage
quality cycle corresponds to the timing and
duration of the birthing season for mule deer
and bighorn sheep (mid-April to early-June),
which has little annual variability.

Unpredictable amounts of spring
precipitation influence critical fuel moisture
levels in late summer (Dennison et al. 2008)
and warm fall winds influence wildfire
behavior which directly affects habitat
suitability and demographic responses of
mule deer and bighorn sheep. Changes in
habitat suitability resulting from wildfires
may have the greatest influence on inter-
year variability in mule deer and bighorn
sheep in the San Gabriel Mountains.
Unpredictable droughts influence
recruitment and abundance of mule deer;
however, variability in precipitation appears
to have little influence on bighorn sheep,
except when they are at high densities and
precipitation and cold temperatures occur
during the birthing season.

Predators, particularly  mountain
lions, increase demographic variability in
mule deer and bighorn sheep. Variability in
survivorship associated with predators is
high in mule deer because they are the
primary prey of mountain lions (Ballard et
al. 2001). The available information
indicates predation has had little influence
on the abundance bighorn sheep in the San
Gabriel ~ Mountains  (Robinson  and
Cronemiller 1954, Weaver et al. 1972, Holl
and Bleich 1983, Holl et al. 2004) and
predation may only have a substantial effect
on the number of bighorn sheep after the
mule deer population has declined (Sweitzer
et al. 1997, Logan and Sweanor 2001, Holl
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et al. 2004). The population decline in
bighorn sheep during 1989-1995 that was
hypothesized to have resulted from
mountain lion predation (Holl et al. 2004)
was preceded by the decline in mule deer
that was associated with the rare alignment
of few wildfires that reduced habitat
suitability and a drought that reduced fawn
recruitment.

MANAGEMENT IMPLICATIONS

For the past 50 years the
management of large mammals in the San
Gabriel Mountains has been limited to
suppressing all wildfires in a fire-adapted
ecosystem, a limited harvest of mule deer,
and removal of 66 bighorn sheep for
translocation. The decline of bighorn sheep
during 1989-1995 led to their re-listing as a
Forest Service Sensitive Species and the
preparation of a restoration plan (US Forest
Service et al. 2004).

Habitat changes resulting from fires
clearly affect the distribution, productivity,
and abundance of mule deer and bighorn
sheep. Modeling has demonstrated that fire
can significantly increase bighorn sheep
habitat in the San Gabriel Mountains (Bleich
et al. 2008) and our analysis demonstrated a
similar relationship exists for mule deer.
Bighorn sheep can be removed from the
Sensitive Species list after demonstrating
that a larger population can be sustained (US
Forest Service et al. 2004).  Although
prescribed burns to improve habitat
suitability and increase the number of
bighorn sheep were identified in the
restoration plan (US Forest Service et al.
2004), no prescribed burns have been
implemented because the current local
paradigm does not recognize prescribed fire
as an effective tool to manipulate a fire-
adapted ecosystem. Local perceptions and
policies that constrain the use of prescribed
burning or the use of natural fire to improve
habitat suitability for mule deer and bighorn



17" Biennial Symposium Northern Wild Sheep and Goat Council

sheep will have to be modified before the
restoration goal can be achieved.
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