
#ÈÁÐÔÅÒ σȡ  2ÅÇÉÏÎÁÌ $ÅÓÃÒÉÐÔÉÏÎ 

 

 

Overview and boundaries  

Explanation of regional IRWM boundary 

The Inyo-Mono IRWM planning 

region covers a large area of the 

central California portion of the 

western Great Basin. The planning 

region consists of several large 

watersheds with internal drainage 

and no natural outlet to an ocean. 

The principal river basins or 

watersheds of the planning area 

include (from north to south): West 

Walker River, East Walker River, 

Mono Basin, Owens River, 

Amargosa River and Death Valley, 

Panamint Valley, and Indian Wells 

Valley. Several other closed basins 

are included in the southern portion of the planning area. 

 

Boundaries of the Inyo-Mono IRWM planning region enclose Inyo and Mono Counties, northern 

portions of San Bernardino County and the northeastern corner of Kern County (Figure 3-1). In 

the northwest, the Inyo-Mono IRWMP boundary follows the divide between Alpine and Mono 

county jurisdictions. On the western edge, the Inyo-Mono IRWMP boundary follows the crest of 

the Sierra Nevada and jurisdictional borders of Mono and Inyo Counties with Tuolumne, 

Mariposa, Madera, Fresno, Tulare and Kern counties. The southwestern boundary also follows 

the crest of the Sierra Nevada in Inyo County plus a small portion of Kern County. To the south 

and southeast, the planning region follows watershed boundaries that share more common 

water resource issues with Inyo County than with other watersheds in Kern and San Bernardino 

counties. These watersheds include Indian Wells, Searles, Upper Amargosa, Death 

Valley/Lower Amargosa, Pahrump-Ivanpah, and Panamint Valleys. The east side of the 

planning area follows the California-Nevada state line. The Nevada side of the watersheds 

shared by California and Nevada is recognized as an area sharing water resources issues with 

the Inyo-Mono IRWMP and are included in the Inyo-Mono IRWM planning area as an ñArea of 

Interest.ò Thus, within California, except for the southern boundary where watersheds extend 

into Kern and San Bernardino Counties, the Inyo-Mono IRWMP boundaries are delineated by 

both watershed and jurisdictional lines. The planning region is wholly contained within the 

Regional Water Board Region 6 (Lahontan Region) boundaries.   



 

Inyo County, which makes up most of the Inyo-Mono planning region, is the second largest 

county in California in total area (10,140 square miles) but has a comparatively small population 

of about 17,950. Mono County covers approximately 3,100 square miles and has a population 

of about 9,950 (2000 Census).  The region is generally rural and sparsely settled with residents 

concentrated in and around communities such as Bishop, Ridgecrest, Independence, Big Pine, 

Lone Pine, Bridgeport, June Lake, and Mammoth Lakes. Primary land uses include livestock 

grazing (mostly on federally-owned and City of Los Angeles-owned lands), agriculture, and 

recreation. 

 

 

Figure 3-1.  Inyo-Mono IRWM planning region (in orange), with neighboring IRWMP regions shown, as 
well as major watersheds within the Inyo-Mono region and Lahontan funding area boundaries. 



Description of watersheds and water systems 

Major drainage systems in the region are the Walker, Owens, and Amargosa river systems.  

The Walker River system flows from the eastern slope of the Sierra Nevada into Nevada where 

it terminates at Walker Lake.  Prior to the construction of the Los Angeles Aqueduct, the Owens 

River historically terminated at Owens Lake; presently, the Los Angeles Aqueduct is the sole 

means by which runoff from the region can drain to the Pacific Ocean.  The headwaters of the 

Amargosa River are in Nevada, from which it flows into California, terminating in Death Valley.   

Numerous other internally drained basins exist wholly within the region, including Mono, Saline, 

Eureka, Deep Springs, Indian Wells, Panamint, and Searles Valleys.  Naturally occurring 

perennial lakes are uncommon except at high elevations in the Sierra Nevada and in the 

adjacent valleys receiving runoff from the eastern slope of the Sierra Nevada.  The largest 

natural lake in the region is Mono Lake.  Historically, a large lake existed at Owens Lake; 

however, irrigation for agriculture, drought, and diversions from the Owens River resulted in the 

lake drying up in the 1930s.  Surface water is rare and ephemeral in the arid desert basins 

south and east of Owens Valley. 

 

The Inyo-Mono IRWM region is comprised of 12-18 large hydrographic units or major 

watersheds, depending on how certain basins are lumped together in the watershed-delineation 

schemes of the U.S. Geological Survey and Calwater (Tables 3-1, 3-2, and 3-3). The Calwater 

basins are illustrated in Figure 3-1.   

 

 

Table 3-1.  Inyo-Mono IRWM region watersheds based on USGS HUC designation. 

USGS Hydrologic Unit Code Watershed Name 

16050301 East Walker 

16050302 West Walker 

16060010 Fish Lake ï Soda Springs Valleys 

18090101 Mono Lake 

18090102 Crowley Lake 

18090103 Owens Lake 

18090201 Eureka - Saline Valleys 

18090202 Upper Amargosa 

18090203 Death Valley - Lower Amargosa 

18090204 Panamint Valley 

18090205 Indian Wells - Searles Valleys 

16060015 Ivanpah - Pahrump Valleys 

 

 

 



Table 3-2.  Inyo-Mono IRWM region watersheds based on Calwater designation. 

Calwater Code Watershed Name 

121 8630  East Walker River 

122 8631 West Walker River 

134 9601  Mono 

135 9602  Adobe 

136 9603  Owens 

137 9604  Fish Lake 

138 9605  Deep Springs 

139 9606 Eureka 

140 9607  Saline 

141 9608  Race Track 

142 9609  Amargosa 

143 9610  Pahrump 

144 9611  Mesquite 

146 9613  Owlshead 

153 9620  Ballarat 

154 9621  Trona 

155 9622  Coso 

156 9623  Upper Cactus 

157 9624  Indian Wells 

 

Table 3-3.  Correspondence between USGS and Calwater naming conventions 

USGS HUC Calwater 

East Walker East Walker River 

West Walker West Walker River 

Fish Lake ï Soda Springs Fish Lake 

Mono Lake Mono 

Mono Lake Adobe 

Crowley Lake Owens 

Owens Lake Owens 

Eureka-Saline Deep Springs 

Eureka-Saline Eureka 

Eureka-Saline Saline 

Eureka-Saline Racetrack 

Upper Amargosa Amargosa 



Death Valley ï Lower Amargosa Amargosa 

Death Valley ï Lower Amargosa Owlshead 

Panamint Valley Ballarat 

Indian Wells ï Searles Trona 

Indian Wells ï Searles Coso 

Indian Wells ï Searles Upper Cactus 

Indian Wells ï Searles Indian Wells 

Ivanpah - Pahrump Pahrump 

Ivanpah - Pahrump Mesquite 

 

The only hydrographic units that are not entirely included in the IRWM planning region are those 

that cross the Nevada border.  The other units are fully contained in the planning region and 

largely define the rationale for the extent of the planning region.  Although the inclusion of areas 

in southeast Inyo County, northern San Bernardino County, and northeastern Kern County was 

debated due to the remote nature of the region, it was decided by the RWMG that it was logical 

to include all of Inyo County yet still make the boundary watershed-based (thus including parts 

of San Bernardino and Kern Counties).  A similar debate and resolution occurred for the 

northern part of the region in the East Walker River and West Walker River units. 

 

The Inyo-Mono IRWM planning region 

not only reflects watershed boundaries 

but areas of common water 

management history and interest as 

well.  All of the water in the west of our 

region, east of the Sierra Nevada crest, 

flows east into water bodies that are 

important for fisheries, stream habitat, 

recreation, and water supply for 

communities in Nevada, southern 

California, and the planning region itself.  

The watersheds in the south of the 

planning region share common issues 

such as low population density, rural 

water management, large tracts of federal land, an arid climate, and complex topography.  One 

of the larger hydrographic units in the planning region is the Owens, which spans two counties 

and provides water to the Los Angeles Aqueduct (LAA) and the four million residents of Los 

Angeles.  Through the Los Angeles Department of Water and Power (LADWP), the City of Los 

Angeles is a participant Inyo-Mono RWMG meetings.  The Inyo-Mono IRWM region boundaries 

include all water-related infrastructure associated with the source waters of the LAA. 

 

To the south and southeast, the planning region follows watershed boundaries that share more 

common water resource issues with Inyo County than with other watersheds in Kern and San 



Bernardino counties. These watersheds include Indian Wells Valley, Searles, Upper Amargosa, 

Death Valley/Lower Amargosa, Pahrump-Ivanpah, and Panamint Valley. 

 
Numerous groundwater basins underlie the region, and include Antelope Valley, Bridgeport 

Valley, Mono Basin, Long Valley, Owens Valley, Mojave, Indian Wells and Searles Valleys, and 

California Valley Groundwater Basins. California DWR Bulletin 118 groundwater basin areas are 

shown on Figure 3-2 and listed in Table 3-4. Inyo and Mono Counties have not adopted 

Groundwater Management Plans, which use existing government bodies and authorities to 

proactively monitor and manage groundwater resource issues. Instead, the counties have 

groundwater ordinances in place, which employ land-use planning and police powers of locally 

elected county boards to manage groundwater resources.  The Mammoth Community Water 

District completed a groundwater management plan for the Mammoth Basin Watershed in July 

2005. 

 

Table 3-4. Groundwater basins in the Inyo-Mono IRWM planning region, as designated by DWR Bulletin 
118. 

 

Basin Number Basin Name Basin Number Basin Name 

6-7 Antelope Valley 6-55 Coso Valley 

6-8 Bridgeport Valley 6-56 Rose Valley 

6-9 Mono Valley 6-57 Darwin Valley 

6-10 Adobe Lake Valley 6-58 Panamint Valley 

6-11 Long Valley 6-61 Cameo Area 

6-12 Owens Valley 6-62 Race Track Valley 

6-13 Black Springs Valley 6-63 Hidden Valley 

6-14 Fish Lake Valley 6-64 Marble Canyon Area 

6-15 Deep Springs Valley 6-65 Cottonwood Spring Area 

6-16 Eureka Valley 6-66 Lee Flat 

6-17 Saline Valley 6-68 Santa Rosa Flat 

6-18 Death Valley 6-69 Kelso Lander Valley 

6-19 Wingate Valley 6-70 Cactus Flat  

6-20 Middle Amargosa Valley 6-71 Lost Lake Valley 

6-21 Lower Kingston Valley 6-72 Coles Flat 

6-22 Upper Kingston Valley 6-73 Wild Horse Mesa Area 

6-23 Riggs Valley 6-74 Harrisburg Flats 

6-24 Red Pass Valley 6-75 Wildrose Canyon 

6-25 Bicycle Valley 6-76 Brown Mountain Valley 

6-26 Avawatz Valley 6-77 Grass Valley 

6-27 Leach Valley 6-78 Denning Spring Valley 



6-28 Pahrump Valley 6-79 California Valley 

6-29 Mesquite Valley 6-80 Middle Park Canyon 

6-30 Ivanpah Valley 6-81 Butte Valley 

6-34 Silver Lake Valley 6-82 Spring Canyon Valley 

6-35 Cronise Valley 6-84 Greenwater Valley 

6-46 Fremont Valley 6-85 Gold Valley 

6-49 Superior Valley 6-86 Rhodes Hill Area 

6-50 Cuddeback Valley 6-88 Owl Lake Valley 

6-51 Pilot Knob Valley 6-105 Slinkard Valley 

6-52 Searles Valley 6-106 Little Antelope Valley 

6-53 Salt Wells Valley 6-107 Sweetwater Flat 

6-54 Indian Wells Valley   
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Figure 3-2.  Groundwater basins in the Inyo-Mono planning region, as defined by DWR Bulletin 118.  
Map also shows major water-related infrastructure and water bodies in the region. 

 

Major water systems 

Water storage and transfers in the Inyo-Mono IRWM planning area are dominated by the Los 

Angeles Aqueduct system. All other water engineering within the area is minor by comparison. 

The project involves extensive infrastructure (Figure 3-2) and vast land holdings (Figure 3-3). 

Major components of the LADWP water export and power generation system include a series of 

diversions and a tunnel for exporting water from the Mono Basin to the Owens River 

headwaters; the Crowley Lake reservoir in Long Valley; diversions in the Owens River Gorge for 

power generation; hydropower generation on Big Pine, Division, and Cottonwood Creeks; the 

Tinemaha, Pleasant Valley, and Haiwee Reservoirs; extensive groundwater pumping capacity; 
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and the Los Angeles Aqueduct (Figure 3-2). Los Angelesô land and water ownership and 

extensive infrastructure along the east slope of the Sierra link many water management issues 

in the western part of the Inyo-Mono IRWMP.  

 

Within the Mono Basin, the LADWP constructed diversion works on the main tributaries to Mono 

Lake except for Mill Creek, a dam creating Grant Lake, and a tunnel to the Upper Owens 

watershed. Diversions out of the Mono Basin began in 1941 and greatly increased following 

completion of the second aqueduct in the Owens Valley in 1970. Diversions were halted by 

court order from 1989 to 1994. Starting in 1995, diversions up to 16,000 acre-feet per year 

resumed under California State Water Resources Control Board Decision 1631. 

 

In the upper Owens River watershed, Crowley Lake was created by construction of Long Valley 

dam in the early 1940s. The reservoir is the main storage within the LAA system and has a 

capacity of 183,000 acre-feet. At the other end of the Owens Gorge, Pleasant Valley Reservoir 

was built in 1955 to modulate flows released from the hydroelectric facilities in the Owens 

Gorge. This reservoir can store up to 3,825 acre-feet. 

 

Exports from Owens Valley to Los Angeles vary greatly from year to year (Harrington, 2009): 

  

2002 195,000 AF 

2003 219,000 AF 

2004 213,000 AF 

2005 343,000 AF 

2006 368,000 AF 

 

LADWP also operates an extensive dust abatement project on the Owens Lake playa that relies 

heavily on shallow flooding to control dust.  The dust abatement project currently uses about 

68,000 acre-feet of water per year and may require up to 90,000 acre-feet. 

 

At the northern end of the Inyo-Mono IRWM region, both the West Walker and East Walker 

Rivers have been developed for irrigation. Stream diversions, canals, and distribution ditches 

have irrigated Antelope and Bridgeport valleys for more than a century. In the 1920s, the Walker 

River Irrigation District constructed reservoirs on both the West Walker and East Walker Rivers. 

Although water stored in Topaz and Bridgeport reservoirs is exported from the state line-defined 

watersheds used for the Inyo-Mono IRWM planning area, that water is applied to irrigation 

within the Walker River Basin, downstream of the state border in Nevada. 

 

Southern California Edison operates a series of dams and powerhouses on Mill Creek, Lee 

Vining Creek, Rush Creek, and Bishop Creek. The Mammoth Community Water District 

regulates storage in and discharge from a relatively small lake above the town of Mammoth 

Lakes. 
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Figure 3-3.  Land ownership in the Inyo-Mono planning region. 

 

Description of internal boundaries 

Political boundaries 

The Inyo-Mono IRWM region includes Inyo and Mono counties in their entirety and small 

portions of Kern and San Bernardino counties (Figure 3-1). Ridgecrest is the only city in the 

region and has a population of about 30,000. Neither it nor the two incorporated towns in the 

region, Bishop and Mammoth Lakes, cover enough area to have significant political boundaries 

in the context of the region. 
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Land ownership and administrative boundaries 

Almost all of the Inyo-Mono IRWM region is public land administered by agencies including 

USDI-Bureau of Land Management, USDI-National Park Service, USDA-Forest Service, 

Department of Defense, Los Angeles Department of Water and Power, California State Lands 

Commission, California Department of Fish and Game, and California Department of Parks and 

Recreation. Compared to other parts of California, there is remarkably little private or tribal land. 

The general ownership patterns are illustrated in Figure 3-3. Figure 3-3 also shows the locations 

of the one city (Ridgecrest), two towns (Bishop and Mammoth Lakes), and some of the small 

communities (north to south: Coleville, Bridgeport, Lee Vining, Benton, Tomôs Place, Laws, Big 

Pine, Independence, Lone Pine, Keeler, Death Valley, Cartago, Olancha, Shoshone, Tecopa, 

Trona, and Inyokern). 

 

Several small water districts cover less than one percent of the area of the Inyo-Mono IWRM 

region (Figure 3-2).  The Indian Wells Water District dwarfs the other districts in size and 

population served. 

 

Identification of neighboring / overlapping IRWM region boundaries 

Several IRWM planning groups adjoin the Inyo-Mono region on the west side of the crest of the 

Sierra Nevada (north to south: StanislausïTuolumne, Mariposa, Madera, South Sierra, and 

Kern). The Tahoe-Sierra IRWMP meets the northern extent of the InyoïMono region along the 

watershed divide between the Carson and Walker river basins. The MokelumneïAmadorï

Calaveras IRWMP does not share a boundary with the InyoïMono IRWMP, but it is close to the 

northern part of our region. The Mojave IRWMP and InyoïMono IRWMP share a portion of the 

Indian WellsïSearles basin within northern San Bernardino County. The Antelope IRWMP is 

within 20 miles of the southern extent of the InyoïMono IRWM region in Kern County. The 

geographic relationships of the neighboring IRWM regions with the InyoïMono IRWM region are 

illustrated in Figure 3-1. 

 

Descriptive Geography  

Climatically and hydrologically, the 

Inyo-Mono IRWMP can be split into 

two broad zones: eastern Sierra 

Nevada and northern Mojave desert. 

Much of the description that follows in 

this section generalizes conditions 

within these two zones. The northern 

part of the Inyo-Mono IRWMP (West 

Walker, East Walker, Mono, and 

Owens watersheds) is the eastern 

Sierra Nevada zone. The southern 

and southeastern portions of the 
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planning area (Indian Wells Valley, Searles, Upper Amargosa, Death Valley/Lower Amargosa, 

Pahrump-Ivanpah, and Panamint Valley watersheds) are the northern Mojave desert zone. 

Largely because of the far-greater availability of water resources in the eastern Sierra Nevada 

zone, there is a correspondingly greater amount of information available for the watersheds in 

the eastern Sierra Nevada zone than those in the northern Mojave desert zone. 

 

Much of the otherwise uncited information in this section is excerpted from assessments of four 

watersheds in Mono County (Kattelmann; 2007a, 2007b, 2007c, 2010). Because of these 

sources, there is an obvious bias toward Mono County. This bias results simply from the 

availability of information. The comparatively small amount of relevant information about the 

northern Mojave Desert portion of the planning area is reflected in the small proportion of text 

devoted to the southern area. 

 

Climate and potential for climatic change 

The climate of a region can be considered to be the "average" weather as well as the extremes 

over some period of time. We are usually limited to the historical period and then often only a 

few decades during which some systematic measurements of precipitation and temperature 

were made and recorded. The term "normal" is a convention that includes only the past 30 

years. Similar to the warnings that accompany a financial investment prospectus, we should 

remember that past climate is no guarantee of future conditions. Nevertheless, recent climate is 

the best indicator we have of what to expect in the near future. Where inferences are available 

regarding prehistoric climate, such information is valuable to suggest the range of extremes that 

are possible in a given region. 

 

Most of the eastern Sierra Nevada region is subject to the Mediterranean-type climate of 

California, characterized by wet winters and warm, dry summers, and is subject to the 

orographic rain shadow effect of being on the lee side of the Sierra Nevada with respect to the 

prevailing southwest-to-northeast storm direction. An exception to the general rain shadow 

pattern occurs when small storms travel south from eastern Oregon into Nevada and then 

produce upslope flow and orographic lifting on the eastern slope of the Sierra Nevada. Storms 

begin to affect California in October and November and occur at irregular intervals through 

March in most years. An average of 15 to 20 discrete storms affects central California each 

winter. Intervals of clear, cool weather lasting one to several days separate these storms, 

although an extended dry period of three to six weeks occurs in many winters. December, 

January, and February tend to be the months of greatest precipitation. Storm frequency and 

intensity typically decrease in April and May, although a few significant storms can occur during 

the spring. Rain/snow levels of 5,000 to 7,000 feet are typical for most winter storms. The 

amount of precipitation has been highly variable from year to year.  

 

Summers tend to be dry and warm because of the dominance of high pressure and the absence 

of a storm track through California during the summer months. Convective thunderstorms 

occasionally develop when adequate moisture enters the region. When the "Arizona monsoon" 
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pattern delivers moist air far enough west and north, significant thunderstorms can occur each 

afternoon and evening for several days at a time in the eastern Sierra Nevada. 

 

Precipitation is greatest in the headwater areas just east of the Sierra Nevada crest. There is a 

steeply declining gradient in precipitation with distance east from the crest. This rain shadow 

effect is largely due to the descent of air in the lee of the crest, which causes warming and 

evaporation of clouds (Powell and Klieforth, 2000). The areas immediately east of the crest also 

benefit from wind-driven carryover of precipitation that resulted from the lifting and cooling on 

the west side of the Sierra Nevada and some wind transport of snow initially deposited west of 

the crest. Precipitation increases again as air rises up the various ranges on the western edge 

of the Basin and Range geologic province (e.g., Sweetwater Mountains, Bodie Hills, Glass 

Mountains, White-Inyo Mountains). 

 

Annual precipitation measured at a few automated sites and inferred from snowpack 

measurements has mean values exceeding 30 inches per year above 9,000 feet in the Sierra 

Nevada and tends to decline from north to south. Annual precipitation amounts decline rapidly 

to the east of the crest with average amounts of 8 to 12 inches in Antelope Valley, 8 to 15 

inches around Mono Lake, 10 inches at Long Valley Dam, and 5 inches at Bishop. 

 

The water equivalence of the snowpack (the depth of water at a point if the snowpack is melted) 

is measured at about 400 locations throughout the snow zone of California by the Department of 

Water Resources and cooperating agencies. These measurements are made near the 

beginning of each month in the winter to supply data for forecasting the amount of snowmelt 

runoff in streams between April and July. Measurements taken near the beginning of April have 

been found to approximate the peak accumulation of the snowpack. On the average, storms 

contribute little additional snowfall after April 1, and snowmelt begins to deplete the water 

storage of the snowpack in early April.  Therefore, the April 1 snow survey measurements have 

been used in many hydrologic studies as a proxy for the season-long accumulation of 

precipitation in mountain areas where almost all of the precipitation falls as snow and 

accumulates throughout the winter. For example, the Mammoth Pass snow course has a 

continuous record of 79 years (1931 to current [2010]). The long-term April 1 (peak 

accumulation) average at this site is 43 inches, with a minimum in 1977 of 8.6 inches and a 

maximum in 1969 of 86.5 inches.  Long-term averages of April 1 snow water equivalence from 

snow courses in the major river basins range from 17 to 51 inches in the West Walker, 18 to 39 

inches in the East Walker, 27 to 34 inches in the Mono Basin, 11 to 42 in the Upper Owens, and 

10 to 31 inches in the Owens south of Crowley Lake. 

 

The northern Mojave desert zone is characterized by minimal rainfall and great variability in 

what rainfall does occur. The few precipitation measuring stations in the zone show average 

annual amounts of only a few inches: 2.4" at Furnace Creek in Death Valley, 4.1" at Trona, 

4.8" at Inyokern, 6.7" at Mojave, and 6.9" at Randsburg (source: http://usclimatedata.com). At 

a U.S. Geological Survey research station in the upper Amargosa watershed (in Nevada, 

downstream of Beatty), annual precipitation averaged 4.4 inches from 1981 to 2005 and 

ranged from 0.14 inches to 8.9 inches (Johnson, et al., 2007). Although the bulk of a year's 
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precipitation tends to fall during the winter months, summer thunderstorms can contribute 

significant quantities of water to isolated areas every few years. In general, summer 

precipitation tends to be a greater proportion of the annual total in the eastern part of the 

Mojave zone (Hereford, et al., 2003). The sparse array of precipitation gages cannot capture 

any indication of the variability of rainfall over the desert zone, but measured rainfall in 

individual summer seasons varied from 0 to 5 inches (Hereford, et al., 2003).  Geomorphic 

evidence, such as debris flows in some canyons but not adjacent ones, suggests how rainfall 

exceeding average yearly amounts can occur in a few hours in small areas. Conversely, 

several months may pass without any rainfall in a particular area. 

 

Within the Indian Wells Valley watershed, average annual precipitation varies from 5 to 10 

inches per year, with less than 5 inches per year in the Ridgecrest/China Lake area and in the 

El Paso Mountains to the south, up to about 6 inches per year in the Argus Range to the east 

and the Coso Range to the north, and up to about 10 inches per year in the Sierra Nevada 

(Indian Wells Valley Water District 2002, cited by Couch, et al., 2003). Most of the precipitation 

occurs between October and March, with a typical peak in January. 

 

Analysis of all available precipitation records from stations in the Mojave Desert (Hereford, et 

al., 2003) demonstrated substantial variation throughout the 20th century. There appear to 

have been some persistent patterns in precipitation during the past century: 1893-1904 was 

relatively dry, 1905-1941 was relatively wet, 1942-1975 was mostly dry, and 1976-1998 was 

the wettest portion of the century (Hereford, et al., 2003).  

 

Throughout the region, air temperatures vary markedly both seasonally and daily. There is also 

considerable variation between years for any given day, making averages a poor descriptor 

(Howald, 2000a). Records of air temperature are even more limited than those of precipitation 

or snowpack water storage. The small amounts of water vapor in the air and the absence of 

large water bodies allow the air temperature to fluctuate greatly between day and night 

compared to more humid parts of the country. 

 

Data from a few stations within the Inyo-Mono planning area illustrate the general air-

temperature regime. The mean at Cain Ranch, the station in the Mono Basin with the longest 

record of air temperature, from 1931 through 1979 was 43ºF with a maximum of 94ºF and a 

minimum of -18ºF  (Los Angeles Department of Water and Power, 1984). Two sites in and near 

Lee Vining have monitored air temperature for the periods 1950-88 and 1988-2005. The 

averages from these sites are remarkably close with an average maximum of about 62ºF and 

an average minimum of about 34ºF (data from Western Regional Climate Center:    

http://www.wrcc.dri.edu). 

 

A description of air temperatures at Valentine Camp in Mammoth Lakes (Howald, 2000a) 

provides some insight into the temperature regime of the mid-elevation forest zone. During 

summer, mean daily maxima ranged between 65°F and 80°F and mean daily minima ranged 

between 40°F and 50°F. Nighttime low temperatures, especially at ground level, can drop below 

32°F at any time of year, although rarely for more than a few hours on even the coldest summer 
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nights. Radiational heat loss in meadows and cold air drainage from surrounding uplands can 

result in locally low nighttime temperatures. The forest canopy maintains warmer temperatures 

among the trees. During winter, mean daily maxima ranged between 35°F and 45°F, and mean 

daily minima ranged between 15°F and 25°F. However, on many winter days, air temperatures 

do not rise above 32°F. In some winters, minimum air temperatures can drop to about -20°F 

during outbreaks of polar air (Howald, 2000a).  

 

At the Sierra Nevada Aquatic Research Laboratory on Convict Creek south of Mammoth Lakes, 

average annual air temperatures from 1988 to 1998 ranged from 40°F to 45°F, with a mean of 

43°F. The mean summer air temperature was 59°F, and the mean winter temperature was 

19°F. Maximum temperatures in summer ranged from 73°F to 85°F, with summer minimum 

temperatures between 32°F and 43°F. July and August are typically the only frost-free months, 

although frost may occur at any time of the year.  Winter diurnal temperature fluctuations are 

less than in summer. Daytime high temperatures ranged from 30°F to 52°F, and nighttime lows 

ranged from 0°F to 23°F. 

 

Table 3-5.  Air temperature (°F) for several stations in the northern Mojave Desert zone (source: 
http://www.wrcc.dri.edu): 

 

 Monthly Maximum Monthly Minimum Annual Average 

Site Winter Summer Winter Summer Maximum Minimum 

Haiwee 53 92 30 63 73 46 

Inyokern 61 99 32 65 81 47 

Trona 61 102 34 70 81 52 

Randsburg 55 96 36 66 75 51 

Wildrose RS 53 93 31 62 72 45 

Death Valley 67 114 41 85 91 62 

 

 
Water loss to the atmosphere is a large component of the annual water balance of watersheds 

in arid environments. Because of low atmospheric humidity, abundant solar radiation, high air 

temperatures, and moderate wind speeds, there is great potential for large amounts of water to 

evaporate throughout the Inyo-Mono planning area, especially in the northern Mojave Desert 

zone. However, water is usually not available to be evaporated; therefore, actual 

evapotranspiration (evaporation from open water and soils plus transpiration from plants) is a 

limited fraction of potential evapotranspiration at the watershed scale. 

 

Significant water loss occurs where water is available, principally from lakes and from 

phreatophytes (plants with roots accessing the local water table). Evaporation from the larger 

natural lakes in the Inyo-Mono planning area has been estimated in a few studies. Open water 

http://www.wrcc.dri.edu/
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evaporation from Mono Lake was estimated at about 40-45 inches per year in several studies 

through the 1960s and at 39 inches per year by the Los Angeles Department of Water and 

Power (1984). An estimate of 48 inches per year (apparently derived from a 1992 modeling 

study) was used in an EIR water balance (Jones and Stokes Associates, 1993a: Appendix A). 

Evaporation from June Lake has been estimated as 38 inches per year (California Department 

of Water Resources, 1981). Open-water evaporation from lakes above 9,000 feet has been 

estimated at about 20-25 inches per year, and is limited by ice cover. 

 

Evaporation has also been estimated from some of the regionôs reservoirs. The average annual 

total loss at Topaz Lake was 69 inches. Average annual evaporation from Grant Lake, which 

has winter ice cover, has been variously estimated at 26, 36, and 43 inches (Lee, 1969; Los 

Angeles Department of Water and Power, 1987). Evaporation has been measured by the 

LADWP at the Long Valley dam during ice-free months with evaporation pans both in the lake 

and on shore. The pan located on land had an average loss from eight non-freezing months of 

41 inches, and the floating pan lost an average of 52 inches over nine non-freezing months 

(Jones and Stokes Associates, 1993a: table 3A-4). 

 

Potential evapotranspiration as estimated from water loss in evaporation pans exceeds 100 

inches per year at two sites in the northern Mojave Desert zone. At Mojave from 1948 to 2005, 

the average water loss is 112 inches per year, with a monthly high in July of 17 inches. At Death 

Valley from 1961 to 2005, the average annual amount is 140 inches. At this site, the maximum 

monthly amount is 21 inches in July (source: 

http://www.wrcc.dri.edu/htmlfiles/westevap.final.html). 

 

Actual evapotranspiration has been estimated in a few studies within the Inyo-Mono planning 

area. In the Mammoth Creek watershed, actual evapotranspiration was estimated to average 13 

inches over the watershed area (California Department of Water Resources, 1973). In the Mono 

Basin, Vorster (1985) estimated an average growing season evapotranspiration rate of 24 

inches. Evapotranspiration in the Antelope Valley area was estimated as 33,000 AF from 

agriculture and 3,600 AF from phreatophytes (Glancy, 1971). 

 
Although water managers would like 

climate and other environmental 

conditions to remain ñstationaryò over 

time so that measurements in the recent 

past can indicate what to expect in the 

future, we are well aware that conditions 

do change over time. Paleohydrologic 

studies suggest that both severe floods 

and extended droughts have occurred in 

the Inyo-Mono planning area and can 

certainly happen again. In addition to 

the natural climatic variability, human-

induced changes in the atmosphere 
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have the potential to alter future climatic conditions in the area. 

 

Evidence of severe and persistent drought in pre-historic times has been found in the northern 

part of the planning area, indicating periods of 140 to 220 years with very little precipitation 

(Stine, 1994). Dozens of Jeffrey pine (Pinus jeffreyi) stumps are rooted in the main channel of 

the West Walker River upstream of Walker. These trees could survive in that location only if 

streamflow was so low that the roots of the trees were not submerged for more than a few 

weeks each year. Radiocarbon dating of the wood showed that an older group of trees was 

alive between about AD 900 and 1100 and another set of trees grew in the bottom of the 

channel between about AD 1210 and 1350 (Stine, 1994). The channel is narrow and stable 

enough that changes in the location of the channel cannot explain the presence of the stumps. 

The age of the trees in the West Walker River corresponds to the age of other old stumps found 

in Tenaya Lake and near Mono Lake, suggesting that dry conditions during the same periods 

allowed establishment of trees in other locations in the region (Stine, 1994). In modern times, 

the period of 1928 through 1934 is regarded as an extended drought within the Walker River 

basin.  

 

Records of streamflow in the Owens Valley since the 1920s allow comparison of flood peaks 

over time. There appears to be a cluster of relatively extreme events in the 1970s and 1980s 

(Kattelmann, 1992). Five of the largest eight to eleven snowmelt floods (in terms of volume) 

occurred from 1978 to 1986. Five of the smallest thirteen or fourteen snowmelt floods occurred 

from 1987 to 1991. Instantaneous peak flows show similar clustering. For example, in Rock 

Creek, four of the ten largest annual floods and three of the six smallest annual floods 

happened in the 1980s. Such events support theories of some climatologists that because of an 

observed shift in hemispheric flow patterns, extreme events are becoming more common in 

North America. 

 

As global temperatures continue to rise as a result of anthropogenic increases in atmospheric 

carbon dioxide, changes in the climate of the Sierra Nevada can be expected. A wide variety of 

reports issued in the past decade suggest regional temperatures will rise, precipitation will 

decline, there will be more rain and less snowfall, there will be a smaller snowpack, the 

snowpack will begin to melt earlier, and the snowpack will melt faster. However, the situation 

and the underlying physical processes are not quite so simple. For example, snowmelt in the 

Sierra Nevada has surprisingly little direct response to air temperature. Solar radiation input to 

the snow surface is a far more important factor in energy exchange (and therefore, snowmelt) 

than processes involving the temperature of the air. Water managers relying on the water 

resources of the planning area need to anticipate the possibility of changes in climate and 

hydrology compared to the recent past, but should not assume that the common predictions of 

less snow are the only reasonable scenario. 

 

Under various global climate change scenarios, California is likely to see average annual 

temperatures rise by 4°F to 6°F in the next century, assuming actions are taken to reduce 

emissions of greenhouse gases.  If no such changes are made, a ñhigher-emissions scenarioò 

projects statewide temperature averages in California 7°F to 10.5°F higher.  The range of 
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figures comes from two models whose projections were summarized by the Union of Concerned 

Scientists in 2004.  A theory suggests that high-elevation areas, such as the upper portions of 

the eastern Sierra Nevada, may warm more rapidly than regions as a whole. 

 

The Department of Water Resources estimates that a 3ºF temperature increase could mean an 

11 percent decrease in annual statewide water supply.  Under the coolest climate change 

projections, there could be a loss of about 5 million acre-feet/year in snowpack water statewide. 

In the eastern Sierra Nevada, the snowpack would not be affected as much as in lower-

elevation watersheds of the western slope because most of the heavy snowpack zone in the 

eastern Sierra Nevada watersheds is at higher elevations (above 8,500 feet) that would still 

receive mostly snow except under severe warming scenarios. There are also predictions of 

greater cloudiness in the Sierra Nevada under a warmer climate. However, clouds can either 

cool an area by blocking sunlight or keep it warm, functioning as a blanket in cold weather. 

There is uncertainty about how the effects of clouds might play out.  

 

Under various scenarios, it is possible that the glaciers and permanent snowfields of the eastern 

Sierra Nevada will disappear by mid-century. For example, the Dana Glacier in the headwaters 

of Lee Vining Creek has already shrunk dramatically since the late 1800s.  

 

Topography, geology, and soils 

Topography 

The geology and land-forms of the Inyo-Mono IRWM planning area are difficult to characterize 

because of the diversity of the region. One of the few consistent traits is that the entire region is 

within the Great Basin ï all watersheds have internal drainage with no natural outlets to an 

ocean.  Therefore, there is a sense of hydrologic isolation of each of the component 

watersheds. This region lacks the natural hydrologic connectivity of IRWM groups organized by 

river basin. Again, it is useful to separate the region into an eastern Sierra Nevada zone and a 

northern Mojave Desert zone. 

 

The eastern Sierra Nevada zone spans the border between two major geologic provinces:  the 

Sierra Nevada and the Basin and Range. The earthôs crust in this region has been stretched 

apart, leaving a series of alternating mountain ranges and valleys. The mountain slopes tend to 

be quite steep with relatively little horizontal distance separating points differing in elevation by 

thousands of feet. The intervening valleys tend to be comparatively level and are composed 

mostly of materials eroded from the adjacent mountain slopes. 

 

The crest of the Sierra Nevada is the western edge of the planning area and is largely above 

10,000 feet in elevation. The crest includes much terrain above 12,000 feet and a few summits 

above 14,000 feet. The lowest parts of the crest (8,000 to 9,000 feet) are in the northwestern 

part of the West Walker River watershed, and the highest elevations are found west of Lone 

Pine and west of Big Pine. The steepest slopes in the region tend to be near the crest. At the 

extreme, small areas of the mountain front are vertical, and many areas along the mountains 
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require technical climbing skills for travel. Slopes trend toward lower gradients with distance 

from the Sierra Nevada crest. 

 

To the east of the Sierra Nevada are several broad valleys: (from north to south) Slinkard Valley 

(6,550 to 5,750 feet), Antelope Valley (5,600 to 5,000 feet), Bridgeport Valley (6,750 to 6,450 

feet), Mono Valley and Mono Lake (6,700 to 6,380 feet), Long Valley (7,000 to 6,750 feet), 

Round Valley (4,900 to 4,400 feet), and Owens Valley (4,300 to 3,550 feet). There is a second 

group of intermontane valleys north of Owens Valley: Adobe, Benton, Hammil, and Chalfant. 

 

To the east of the main valleys, the terrain rises in a series of north-south oriented mountain 

ranges, which are the westernmost ranges of the Basin and Range geologic province. The 

larger of these ranges include the Sweetwater Mountains, Bodie Hills, Glass Mountains, and 

White-Inyo Mountains. These ranges also have steep topography and rise to between 10,000 

and 14,000 feet. 

The northern Mojave Desert zone is also part of the Basin and Range geologic province with 

steep mountain slopes and broad valleys between the ranges. The principal valleys are Saline 

Valley, Eureka Valley, Death Valley, Rose Valley, Panamint Valley, and Indian Wells Valley. 

The eastern slope of the southern Sierra Nevada defines the western extent of this southern 

zone. Among the main mountain ranges in this part of the Inyo-Mono planning area are the 

southern portion of the White-Inyo Mountains, Panamint Range, Grapevine Mountains, Funeral 

Mountains, Argus Range, Black Mountains, Greenwater Range, Slate Mountains, Owlshead 

Mountains, and Lava Mountains. Telescope Peak in the Panamint Range is the high point at 

11,049 feet. Less than 20 miles to the east from Telescope Peak is the lowest topographic point 

in the nation at Badwater, 279 feet below sea level. 

 

Geology 

The geology of each 

watershed influences many of 

the characteristics of water 

between its entry via 

precipitation and departure as 

streamflow or evaporation 

back into the atmosphere. 

There may also be a relatively 

small amount of water that 

leaves some watersheds as 

deep groundwater flow -- 

obviously influenced by 

geology as well. Some of the 

important influences of 

geology with respect to 

hydrologic processes include 

serving as the parent material for soils, which in turn control whether water remains on the 
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surface or penetrates into the ground; storage and transport of water below the surface; 

chemical reactions and contributions of chemical substances to the water; potential for erosion 

and mass movement of soil and rocks; formation and control of stream channels; and substrate 

for vegetation, which removes much of the water stored in the soil. 

 

Geology of the eastern Sierra Nevada zone is well described in a wide variety of sources (e.g., 

Hill, 1975; Bailey, et al., 1976; Whitney, 1979; Lipshie, 1979 and 2001; Rinehart, 2003), and 

only a basic summary that relates to hydrology is included here. This zone occupies the junction 

of the Sierra Nevada and Basin and Range geologic provinces. The basic form of the main 

watersheds is a result of the uplift (and tilt to the west) of the Sierra Nevada relative to the 

valleys lying to the east of the range. The form of the upper Owens River watershed was further 

determined by the formation of the Long Valley caldera by a massive volcanic eruption about 

760,000 years ago (Bailey, et al., 1976). Subsequent volcanic activity, earthquakes, erosion and 

deposition by glaciers, and stream channel processes have contributed to the present-day 

landscape. Glacial till from eight to twelve glacial advances covers much of the elevation zone 

between 6,500 and 8,000 feet near the main creeks from the Sierra Nevada. 

 

A variety of rock types occupies the surface and the subsurface zones of the watersheds. 

Granitic rock of the Sierra Nevada batholith is exposed along the Sierra Nevada front in many 

places. Metamorphosed sedimentary and volcanic rocks are found on top of the granitic rock in 

places where erosion did not reach the granitic rock, such as Laurel, Convict, and McGee 

creeks. Volcanic rocks such as andesite, basalt, and the rhyolitic Bishop tuff (fused ash from the 

Long Valley caldera eruption with an average thickness of 500 feet [Gilbert, 1938]) are found 

above the older metamorphic and granitic rocks as well. 

 

The northern Mojave Desert portion of the planning area is mostly composed of sedimentary 

and meta-sedimentary rock that formed from sediments deposited in shallow coastal waters and 

tidal flats. Volcanic activity and intrusive magma added basalts, rhyolites, and granitic rocks in 

localized areas. About 14 million years ago, the area started to be pulled apart by crustal 

movements, which resulted in a series of uplifted and tilted mountain ranges with valleys in 

between. 

 

These various rock types have been further rearranged by the numerous faults in the area. The 

area beneath the town of Mammoth Lakes is particularly complex: interleaved layers of volcanic 

materials, glacial till, and stream deposits that are further stirred up by faulting. Volcanic 

processes have also formed many of the uplands throughout the eastern Sierra Nevada zone, 

such as the Bodie Hills, Anchorite Hills, Cowtrack Mountains, Glass Mountains, Mono Craters, 

Volcanic Tablelands, Crater Mountain, and Red Mountain. 

 

The intermontane valleys initially formed as down-dropped fault blocks and subsequently filled 

with sediment transported from the adjacent mountain ranges. Sediment from glacial erosion, 

mass movements, surface processes, and channel erosion has filled the valleys to depths of 

hundreds of feet. The Owens Valley has some areas with up to 7,500 feet of alluvial fill. These 
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sediment-filled depressions contain significant groundwater resources as water has filled the 

pore space between the sediment particles. 

 

The magnitude 6 earthquake of May, 1980, in Long Valley prompted a great deal of local 

geological research in the past 30 years. Dozens of scientific papers have provided a detailed 

understanding of the geologic history, structure, and activity of the Long Valley caldera (a 

roughly elliptical volcanic-tectonic depression measuring 18 miles from east to west and 10 

miles from north to south). Some of this work is quite relevant to understanding groundwater 

storage, movement, chemistry, and interactions with surface flows. 

 

The volcanic activity also creates a geothermal energy resource that is directly tied in with the 

groundwater system. The heat source for various hot springs, fumaroles and hydrothermal 

alteration zones is presumed to originate from magma chambers at depths of a few thousand 

feet. Groundwater is warmed by heat rising from such areas and by water circulating from deep 

fractures. The presence of hot water at relatively shallow depths causes problems for 

municipal/domestic water production that seeks to avoid hot water with a high mineral content 

but provides the opportunity to extract heat for generation of electricity. The development of 

geothermal energy near the junction of U.S. Highway 395 and State Route 203 led to the 

creation of the Long Valley Hydrologic Advisory Committee, a technical group that monitors 

wells, springs, and streams down-gradient of the geothermal plant for signs of any changes that 

might be related to the geothermal development and/or overuse of water from Mammoth Creek 

in the town of Mammoth Lakes. Another large-scale geothermal generating facility is located at 

Coso, between Haiwee Reservoir and Little Lake. 

 

Over geologic time, hot water circulation has contributed to concentrations of economically 

valuable minerals in many parts of the planning area. Prospecting for gold and silver occurred 

almost everywhere except in granitic rocks and lake sediments. Mines around Bodie were the 

most successful in the region. There were also substantial mining operations in Lundy Canyon, 

Mammoth Lakes, Onion Valley, Cerro Gordo, and Panamint City. Pine Creek, west of Bishop, 

was the location of one of the worldôs largest tungsten mines for several decades. 

 

During the Pleistocene geologic epoch (2.6 million to 12,000 years ago), the Inyo-Mono 

planning area had a much wetter climate and abundant runoff. The water formed a series of 

huge lakes that covered many of the intermontane valleys. Lake Russell filled the Mono Basin to 

a depth about 700 feet above the present Mono Lake. Water from Owens Lake overflowed to 

the south and formed Fossil Falls enroute to China Lake. The ancestral Amargosa River formed 

Lake Tecopa and filled much of Death Valley with Lake Manly. Panamint Lake and Searles 

Lake were also enormous bodies of water during the Pleistocene. 

 

After the climate became much drier, the water evaporated and left vast mineral deposits behind 

on the lakebeds. Various salts, most importantly borax, were mined from these playa deposits 

during the late 1800s. Some operations, such as on the west shore of Owens Lake, continued 

until recent times. 
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Soils 

Soils of the various watersheds throughout the planning area have formed from the underlying 

geologic parent material and consequently vary with the rock types as well as the localized 

moisture regime and weathering situation, biological influences, slope position and erosion 

potential, and time period for soil development. Most of the soils throughout the planning area 

tend to be shallow, coarse-textured, and poorly developed. The most common texture class is 

probably gravelly loam. Soils found on steeper soils tend to be shallow, loose, and 

unconsolidated, whereas soils found on relatively level areas in meadows and other alluvial 

deposits tend to be deeper, better developed, and less prone to erosion. Because many areas 

have very young parent materials, only a few hundred to a few thousand years in age, soils tend 

to be incompletely developed with minimal stratification. 

 

Throughout the eastern Sierra Nevada zone, the soils at lower elevations are generally derived 

from granitic and volcanic parent material and are sandy loams and decomposed granite. Soil 

depth ranges from very shallow with lots of rocks to deep alluvium in the valleys (Thomas, 

1984). At higher elevations, soil depths range from a few inches to 3 or 4 feet. Sandy loam is 

the most common texture, but rock content is commonly up to 35 percent, especially on steeper 

slopes. Water retention tends to be low and decreases when rock occupies a greater proportion 

of the volume (Thomas, 1984). 

 

Soils on steeper mountain slopes are generally somewhat excessively to excessively drained, 

coarse-textured, and shallow. Soils that formed on the foothills are well to excessively drained, 

are shallow to moderately deep, and generally have coarse-textured surfaces with some having 

coarse- to fine- textured subsoils. Soils developed on the high terraces are well to moderately 

well drained on nearly level to sloping terrain. Soils developed on low terraces are somewhat 

poorly to poorly drained on nearly level terrain. Most terrace soils lie above a heavy textured 

subsoil with a variety of surface textures. Soils on alluvial fans include well to excessively 

drained soils except where groundwater is present (Mono County Resource Conservation 

District, 1990).  

 

Soils on floodplains are generally loamy and sandy in texture, and are deep to moderately deep 

with coarse-textured subsoils. Drainage is somewhat poor to very poor, and soils are eroded by 

past and present channels of the rivers. Soils formed in topographic depressions are generally 

clayey throughout and have high organic matter content. These soils also exhibit poor drainage 

conditions (Mono County Resource Conservation District, 1990). Nevertheless, soils on the 

valley flats are the best developed and most productive soils in the region. Such soils have 

allowed reasonably productive agriculture in the Antelope Valley, Bridgeport Valley, and Owens 

Valley for more than a century. 

 

Within the once-proposed Sherwin Ski Area, which is somewhat representative of portions of 

the eastern slope of the Sierra Nevada, soils were limited to topographic benches, isolated 

pockets, and lower-angle swales (Inyo National Forest, 1988). On these low-angle portions of 

the terrain, soils up to 2 feet thick were noted, and organic layers of several inches depth were 
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found in pocket meadows. Water holding capacity was generally less than 4 inches. Where thin 

soils were present on steeper slopes, they tended to be highly erodible, especially if disturbed 

(Inyo National Forest, 1988). 

 

In the valleys once occupied by Pleistocene Lakes, as the water level dropped, salts 

accumulated in the more recent sediments, particularly on the gently sloping gradients.  Soils 

derived from these sediments tend to have high salt content. In addition, salts and alkali affect 

many areas of poorly and very poorly drained soils on the floodplains, basins and low terraces 

(Mono County Resource Conservation District, 1990). 

 

The greatest potential for soil erosion occurs with sandy soils on steep slopes where water may 

flow over the surface and entrain soil particles. Areas where vegetation has been removed and 

soils mechanically compacted (e.g, roads, trails, construction sites, off-road vehicle routes) are 

much more subject to erosion than undisturbed areas. Wind erosion of exposed soils can be 

significant during high-wind events. 

 

Upland and riparian vegetation 

Upland vegetation 

Distribution and type of vegetation 

throughout the Inyo-Mono IRWM 

planning area are dependent on 

soils, moisture availability, air and 

soil temperature, and sunlight. 

Different vegetation communities 

tend to be associated with elevation 

zones because of the combination 

of environmental factors favoring 

different plants species. Slope 

aspect can also play a major role in 

plant distribution with greater 

moisture stress on south-facing 

slopes than on shaded north-facing 

slopes. The declining gradient in 

precipitation from west to east 

results in a rapid transition in 

vegetation -- from conifer forests in 

the Sierra Nevada to open 

woodlands in the hills to sagebrush 

scrub in the valleys just east of the 

Sierra Nevada (California 

Department of Water Resources, 

1992). In the northern Mojave 
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Desert zone, water availability also controls the composition and distribution of plant 

communities. Although trees can survive at elevations above 6,000 feet if sufficient moisture is 

available, most of the northern Mojave Desert zone is dominated by drought-tolerant shrubs.  

 

At the Sierra Nevada crest on the western margin of the planning area, vegetation cover is 

sparse with the most wind-exposed locations nearly barren. In more protected locations, 

grasses, forbs, dwarf shrubs, and even a few whitebark pine (Pinus albicaulis) can be found. 

Moving downslope, the numbers of species and individual plants increase. In addition to the 

whitebark pine, mountain hemlock (Tsuga mertensiana) and western white pine (Pinus 

monticola) account for the tree species in the subalpine zone, which extends down to about 

9,000 feet in the eastern Sierra Nevada watersheds. These trees merge into the red fir (Abies 

magnifica)-lodgepole pine (Pinus contorta ssp. murrayana) forest. The density of trees and the 

litter layer of accumulated needles are much greater here than among the scattered subalpine 

trees. The red fir - lodgepole pine forest merges into the Jeffrey pine (Pinus jeffreyi) forest at 

about 7,500 to 8,000 feet. Some white fir (Abies concolor) can be found among the Jeffrey 

pines. Western juniper (Juniperus occidentalis var. occidentalis) are also scattered in the east-

side forests. Aspen (Populus tremuloides) clones are found where soil moisture is high and 

along creeks (USDA-Forest Service, 2004). 

 

As in most other parts of the Sierra Nevada, decades of successful fire suppression have 

markedly changed the composition and density of the mixed conifer forest of the eastern Sierra 

Nevada. Dense stands of white fir and Jeffrey pine have taken over the former open stands of 

large Jeffrey pine that were maintained by relatively frequent low-intensity fires (Lucich, 2004). 

Conifers have also entered former aspen groves and reduced regeneration of aspen (Lucich, 

2004). 

 

At upper elevations in the eastern Sierra Nevada zone, brushfields are comprised of buckbrush 

(Ceanothus velutinus) and chokecherry (Prunus emarginatus).  At lower elevations, the brush 

community is mostly sage (Artemesia tridentata), bitterbrush (Purshia tridentata), mountain 

mahogany (Cercocarpus ledifolius) and snowberry (Symphoricarpus albus) (USDA-Forest 

Service, 1988).  

 

The lower slopes of the Sierra Nevada (below 6,000 feet) are largely covered by a sagebrush 

(Artemisia tridentata) community, intermingled with meadows and some curlleaf mountain 

mahogany (Cercocarpus ledifolius). Typical species of the sagebrush community include 

bitterbrush (Purshia tridentata), rabbitbrush (Chrysothamnus spp.), wheatgrass (Agropyron 

spp.), bluegrass (Poa spp.), wild-rye (Elymus glaucus), needle-grass (Stipa spp.), and June 

grass (Koelaria cristata) (Thomas, 1984). 

 

In the eastern ranges of the northern portion of the planning area, the main plant community is 

pinyon-juniper (Pinus monophylla, Juniperus scopulorum) woodland. Bitterbrush and sagebrush 

dominate the forest understory. The grass composition is similar to that of the lower-elevation 

Sierra Nevada front to the west (Thomas, 1984). 
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The vegetation at the lower elevations of the West Walker River basin (5,000 to 7,000 feet) has 

changed substantially since the 1860s from bunchgrass range to bitterbrush and sagebrush 

(e.g., Thomas, 1984). Prior to the arrival of Euroamericans in the mid-19th century, portions of 

the West Walker River basin below and between the coniferous forest stands were primarily 

habitat for pronghorn and desert bighorn sheep. As overgrazing by thousands of domestic 

sheep during the late 1800s and early 1900s removed the bunchgrass, brush species became 

established. Consequently, the bighorn sheep and pronghorn left the area, and mule deer 

moved in, taking advantage of the browse species (Thomas, 1984). The native grasses, 

sedges, and rushes of the meadows were also converted to alfalfa and other forage species. 

 

Plant communities of the northern Mojave Desert zone are completely different than those of the 

eastern Sierra Nevada zone because of the severely limited availability of water in the desert. 

Only plants able to survive high temperatures, low humidity, and little soil water are found in the 

northern Mojave Desert zone. The upper portions of the desert ranges receive several times 

more precipitation than the surrounding lowlands and are able to support pinyon-juniper 

woodlands above 6,000 to 7,000 feet (Tweed and Davis, 2003). Limber pine (Pinus flexilis) and 

bristlecone pine (Pinus longaeva) grow above 9,000 feet in the southern part of the White-Inyo 

Mountains and Panamint Mountains. Joshua trees (Yucca brevifolia) occur below the pinyon-

juniper woodlands at about 4,000 to 6,000 feet (Ingram, 2008). At successively lower elevations 

and correspondingly drier sites, a wide variety of drought-tolerant shrubs are found. Common 

plants include sagebrush (Artemisia tridentata), rabbitbrush (Chysothamnus nauseosus), 

burrobush (Ambrosia dumosa), brittlebush (Encelia farinosa), creosote bush (Larrea tridentata), 

and mesquite (Prosopis spp.) (Tweed and Davis, 2003). Several cactus species (about 14) grow 

in the northern Mojave Desert zone and are well adapted to the arid conditions (Ingram, 2008). 

They tend to be more abundant in the eastern portion that has greater summer rainfall 

(Rowlands, 1995). 

 

Riparian areas and wetlands 

Riparian zones are the areas 

bordering streams, springs, and 

lakes that provide a transition from 

aquatic to terrestrial environments. 

In arid regions, such as the Inyo-

Mono IRWM planning area, 

riparian areas and the water body 

they surround are the most 

ecologically important portions of a 

watershed. The presence of water 

allows much life to thrive close to 

the stream course that would 

otherwise not exist. As streams 

rise and fall, the lower parts of the 
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riparian corridor may be inundated for days to weeks. Soil moisture is much higher within the 

riparian zone than farther up slope and is often saturated close to the stream. Plants within 

riparian corridors are adapted to the high soil moisture and occasional submergence. 

Depending on the nature of the soils, topography, and the stream, the riparian zone may be 

narrow or wide and have an abrupt or gradual transition to upland vegetation (Swanson, et al., 

1982; Gregory, et al., 1991; Kattelmann and Embury, 1996). 

 

Riparian areas are considered to be among the most ecologically valuable natural communities 

because they provide significantly greater water, food resources, habitat, and favorable 

microclimates than other parts of the landscape. The extra water alone leads to greater plant 

growth and diversity of species in riparian areas compared to other areas. The enhanced plant 

productivity, greater species richness, availability of water and prey, and cooler summer 

temperatures of riparian areas draws wildlife in greater numbers than in drier areas. Below the 

forest margin in the eastern Sierra Nevada, riparian areas are a dramatic change from the 

surrounding sagebrush scrub. In arid lands, streams, springs, and riparian zones are especially 

critical. 

 

Streams and their adjacent riparian lands allow for the transport of water, sediment, food 

resources, seeds, and organic matter (Vannote, et al., 1980). Riparian corridors act as 

"highways" for plants and animals between natural communities that are stratified with 

elevation. The continuity of riparian corridors is one of their most important attributes. If the 

upstream-downstream connection is interrupted by a dam, road, or other development, the 

ecological value of the riparian system is greatly diminished. 

 

In watersheds of the eastern Sierra Nevada, riparian corridors along the major creeks cross 

through several upland vegetation communities in just a few miles because of the steep 

topography. In the headwater areas, typical riparian vegetation includes lodgepole pine (Pinus 

contorta spp. murrayana), aspen (Populus tremuloides), mountain alder (Alnus incana spp. 

tenuifolia), currant (Ribes sp.), and willow (Salix sp.). Jeffrey pine (Pinus jeffreyi), black 

cottonwood (Populus balsamifera ssp. trichocarpa), and wild rose (Rosa woodsii) are present in 

some of the mid-elevation canyons. At elevations between the glacial moraines and the valley 

floor, water birch (Betula occidentalis), Fremont cottonwood (Populus fremontii), and other 

species of willow add to the mix (Howald, 2000a and 2000b). 

 

Along the streams of the eastern Sierra Nevada, riparian environments offer critical resources 

for a large, though unknown, fraction of insect and other animal species. For some, the riparian 

zone is primary habitat. For other species, the riparian resources of water, food, higher humidity 

and cooler summer temperatures, shade, and cover are used on occasion. Insects are more 

abundant near streams and are an important food for fish, amphibians, birds, and mammals. 

Open water and moist soils are both critical for amphibians. Almost all species of salamanders, 

frogs, and toads native to the Sierra Nevada spend much of their life cycles in riparian zones 

(Jennings, 1996). Birds tend to be far more numerous and diverse in riparian zones than in drier 

parts of the watershed. Most mammals at least visit riparian areas occasionally to take 
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advantage of resources that are less available elsewhere in the watershed. The mammal most 

obviously dependent on the riparian zone is the beaver. 

 

Riparian areas are fundamentally limited to the margins of streams, springs, creeks, and lakes. 

With their restricted width (generally tens of feet on either side of a stream, wider along flatter 

portions of the principal streams), riparian areas occupy very a small portion of the landscape. 

An evaluation of proposed hydroelectric projects in the eastern Sierra Nevada considered 

riparian zones to cover less than one percent of the surface area of their watersheds (Federal 

Energy Regulatory Commission, 1986).  

 

Most of the riparian corridors at the higher-elevation portions of the Humboldt-Toiyabe and Inyo 

National Forests are relatively undisturbed (except by historic grazing), but many of the riparian 

areas in lower valleys have been changed by road construction, overgrazing, groundwater 

pumping, water exports, and recreation. Some of the principal paved roads of the region follow 

streams for many miles and are often within the riparian zone. Forest roads are within the 

riparian zone in hundreds of places within the two National Forests of the eastern Sierra 

Nevada. 

 

Although very important in their limited extent where they exist, there are few riparian areas 

within the northern Mojave Desert zone. Most are very short segments along channels 

downslope from springs and seeps that may only be tens to hundreds of feet in length. The 

Amargosa River canyon south of Tecopa is the best example of an extensive riparian area in 

the northern Mojave Desert zone.  Due to the presence of cooler and wetter conditions and 

better soil, many washes support greater plant and animal diversity and productivity than the 

surrounding uplands, and the BLM has begun closing roads in washes in order to protect these 

biological resources. 

 

Wetlands are areas that are flooded with water for enough of each year to determine how the 

soil develops and what types of plants and animals can live in that area. They are often called 

marshes, swamps, or bogs. The critical factor is that the soil is saturated with water for at least a 

portion of the year. This saturation of the soil leads to the development of particular soil types 

and favors plants that are adapted to soils lacking air in the pores for a portion of the year. The 

federal Clean Water Act defines the term wetlands as "those areas that are inundated or 

saturated by surface or ground water at a frequency and duration sufficient to support, and that 

under normal circumstances do support, a prevalence of vegetation typically adapted for life in 

saturated soil conditions." 

 

General acceptance of the ecological values of wetlands has occurred relatively recently 

(National Research Council, 1995). Drainage and deliberate destruction of wetlands were widely 

accepted practices until the mid-1970s. California has lost a greater fraction of its wetlands than 

any other state. Only about 9 percent of the original wetlands (454,000 acres out of about 5 

million acres) remain in California (National Research Council, 1992). The recognition of the 

importance of the small fraction remaining has led to a variety of regulatory efforts to minimize 

the further loss of wetlands. The relatively recent concept of wetlands as valuable to nature and 
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the public at large has generated conflicts with individuals who own wetlands and do not see 

any personal benefit. 

 

The largest areas of wetlands in the region are flood-irrigated lands in Antelope Valley, Little 

Antelope Valley, Bridgeport Valley, and Long Valley. Most of these areas would not be classified 

as wetlands without the artificial application of water for more than a century. Wetlands in much 

of Mono County have been inventoried and described in a project of the Lahontan Regional 

Water Quality Control Board and U.C. Santa Cruz in the 1990s (e.g., Curry, 1996). 

 

The primary loss of wetlands in the upper Owens River watershed occurred with the filling of the 

Long Valley dam in 1940. A natural dam at the top of the Owens Gorge, caused by the relative 

rise of the Volcanic Tableland fault block (Lee, 1906), led to the low gradient of the Owens River 

through Long Valley and consequent conditions that favored wetlands along the river channel 

(Smeltzer and Kondolf, 1999). USGS topographic maps made circa 1913 during the studies by 

Charles H. Lee show more than 4,000 acres of wetlands within Long Valley (Smeltzer and 

Kondolf, 1999, esp. figure 20).  

 

Within Inyo County, the primary wetlands are found along the lower Owens River. Within the 

northern Mojave Desert zone, locally important wetlands include: Grimshaw Lake near Tecopa, 

Saratoga Springs in southern Death Valley, Saline Valley marshlands at foot of Inyo Mountains, 

Salt Creek and Cottonball Marsh north of Furnace Creek, and Warm Sulphur Springs at Ballarat 

in Panamint Valley. 

 

Invasive Weeds 

The term weed is typically used to describe any plant that is unwanted and grows and spreads 

aggressively. The term noxious weed describes an invasive unwanted non-native plant and 

refers to weeds that can infest large areas or cause economic and ecological damage to an 

area (USDA-Forest Service, 2004). At higher elevations, several invasive weeds have been 

identified, but a detailed description is beyond the scope of this plan. 

 

At lower elevations, invasive plants are even more aggressive and have caused widespread 

problems. Tamarisk or salt cedar (Tamarix spp.) has invaded riparian zones below about 7,000 

feet. It readily crowds out most beneficial riparian shrubs and trees and uses large amounts of 

water because of its ability to establish deep roots that extend below the water table adjacent to 

streams. In the Mono Basin, tamarisk is established at levels currently under control (due to an 

interagency effort) along the lower reaches of Rush and Lee Vining Creeks. Tamarisk has 

become well established along the lower Owens River and is being treated by the Inyo Water 

Department and Los Angeles Department of Water and Power. In the northern Mojave Desert 

zone, tamarisk removes much of the scarce water from springs and ephemeral stream channels 

that would otherwise benefit many plants and animals. Other invasive plants, such as woolly 

mullein (Verbascum thapsus), Russian thistle (Salsola sp.), cheatgrass (Bromus tectorum), 

Russian olive (Elaeagnus angustifolia), and perennial pepperweed (Lepidium latifolium) also 
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have serious implications for terrestrial and aquatic ecosystems. Several other problematic 

species are targeted by property owners, agencies, and a group formed to combat invasive 

weeds. 

 

Most of the eastern Sierra Nevada zone of the Inyo-Mono IRWM planning area is covered by 

the Eastern Sierra Weed Management Area, a consortium of land management agencies and 

other entities formed in 1998. The mission of this group is the control and eradication of noxious 

weeds through integrated management activities. Members of the group include Inyo/Mono 

Countiesô Agricultural Commissionerôs Office, Inyo County Water Department, California 

Department of Food and Agriculture, Los Angeles Department of Water and Power, Bureau of 

Land Management Bishop Field Office, Bureau of Land Management Desert District, Inyo 

National Forest, Humboldt-Toiyabe National Forest, Inyo/Mono Resource Conservation District, 

Inyo/Mono Countiesô Cattlemanôs Association, Natural Resources Conservation Service, 

California Department of Forestry and Fire Protection, California Department of Transportation 

District 9, Bishop Paiute Tribe Environmental Office, and California Department of Parks and 

Recreation. 

 

Role of wildfire 

Wildfires are a major watershed management issue as well as natural hazard within the eastern 

Sierra Nevada zone of the Inyo-Mono IRWM planning area. Wildfires are not much of a concern 

(except in localized areas and under unusual conditions) within the northern Mojave Desert 

zone because of the sparse vegetation. 

 

Fire is a natural disturbance feature of the landscape. Prior to the 20th century, the primary 

cause of fire was lightning, coinciding with summer thunderstorms. When ignited at higher 

elevations, the fires were typically not large. Lower elevations experience fewer lightning 

ignitions, but the shrublands have the potential to burn more extensively, and have in the 

past. Fire suppression policies were instituted in the early days of the National Forest System. 

With the near absence of wildfire in the past century, fuel loads in forest and shrublands far 

exceed natural levels. Therefore, modern fires are likely to be both intense and extensive. 

 

Analyses of tree stumps and cores have suggested that pre-1900 intervals between wildfires 

were highly variable in the upper Owens River watershed. Before active fire suppression, fires 

occurred in the Jeffrey pine and mixed conifer stands about every 10 to 20 years on the 

average, and in red fir stands about every 30 years on the average (Millar, et al., 1996). 

Wildfires appear to have been low intensity in both pine and fir forests; however, the structure of 

some red fir stands indicates that stand-replacing fires occurred. The studies of fire history show 

that the size, frequency, and distribution of fires changed markedly with the beginning of 

suppression (Millar, et al., 1996).  

 

In the high-elevation subalpine zone, wildfires are uncommon, infrequent, and usually limited to 

only a few trees. No large historic fires have been documented at elevations over 8,000 feet in 
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the eastern Sierra Nevada zone. Fires intensities tend to be low, and large fires rarely develop. 

The subalpine zone tends to be cooler and wetter than areas at lower elevation. Forest structure 

is probably the closest to reference conditions in the subalpine zone. Most of the late 

successional forest stands are found at these higher elevations (USDA-Forest Service, 2004). 

 

Fish and wildlife 

Fish, particularly 

trout, are a highly 

valued recreational 

resource of the 

streams of the 

eastern Sierra 

Nevada. Much of 

the tourism 

economy of the area 

is dependent on 

fishing. The streams 

and lakes of the 

region have 

hundreds of 

thousands of angler-

days of use each 

season. Introduced 

in the late 1800s, 

trout have become 

thoroughly 

integrated into the aquatic ecology of eastern Sierra Nevada watersheds, often at the expense 

of amphibians. The extent and numbers of non-native trout increased dramatically when aerial 

stocking of trout became widespread in the 1950s.  Before the artificial stocking, most waters in 

the eastern Sierra Nevada did not contain trout, except for a few creeks that contained native 

Lahontan cutthroat trout (Oncorhynchus clarki henshawi) (Milliron, et al., 2004). Many strains of 

rainbow trout (Oncorhynchus mykiss), brown trout (Salmo trutta), and brook trout (Salvelinus 

fontinalis) have been planted in lakes and tributaries of the main rivers, and many of these trout 

have successfully spawned, producing ñwild troutò progeny.  The term ñwild troutò is distinct from 

ñnative trout,ò which refers to trout that existed in streams prior to European settlement and have 

a defined natural range without human intervention (Milliron, et al., 2004). 

 

The Lahontan cutthroat trout (Oncorhyncus clarki henshawi) is the prominent species of native 

fish in the Walker River basin. The original range of the Lahontan cutthroat trout has been 

reduced more than 90 percent by changes in streamflows and channel conditions and 

overfishing (Knapp, 1996). Predation by, competition with, and hybridization with introduced 

trout have also greatly impacted the remaining groups of these fish (Gerstung, 1988). As the 

once huge population in Walker Lake has declined drastically with increasing salinity, efforts 
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have begun to ensure survival of the species in streams of the upper watershed. When only a 

few isolated populations could be found, the Lahontan cutthroat trout was listed as endangered 

under the Endangered Species Act in 1970 and then reclassified as threatened in 1975. The 

fragmentation of habitat leading to the isolation of small groups of fish is a primary concern.  

 

Native fishes of the Long Valley streams include Owens sucker (Catostomus fumeiventris), 

Owens tui chub (Gila bicolor snyderi), toikona tui chub, and speckled dace (Rhynichthys 

osculus) (Hubbs and Miller, 1948; Miller, 1973, Chen et al., 2007). The U.S. Fish and Wildlife 

Service (1998) recommended four ñConservation Areasò within Long Valley to help with 

recovery of Owens tui chub and Long Valley speckled dace: Little Hot Creek, Whitmore, Little 

Alkali, and Hot Creek. Within the Owens Valley, the Owens pupfish (Cyprinodon radiosus) was 

the primary native fish. However, the species was reduced to just two locations by 1934 and 

was thought to be extinct by 1948 (Pister, 1995). After a small population of surviving Owens 

pupfish was found in 1956, the California Department of Fish and Game, Los Angeles 

Department of Water and Power, and Bureau of Land Management cooperated in creating 

refuges for the species in the Fish Slough area north of Bishop. 

 

Fish introductions to the Owens River basin began in the late 1800s with Lahontan cutthroat 

trout from the Walker River and golden trout from the Kern River. Rainbow, brown, and eastern 

brook trout from hatcheries in other parts of California were first introduced in about 1900 

(Pister, 1995). The Mount Whitney State Fish Hatchery, built in 1917, lead to significant fish 

rearing and stocking programs in waters of the eastern Sierra Nevada.  

 

The upper Owens River through lower Long Valley before the reservoir started filling in 1941 

was regarded as a "superb stream fishery" (Pister, 1982).  The subsequent lake is also a highly 

productive fishery. The growth rates of rainbow trout and brown trout in Crowley Lake are 

among the highest ever recorded for a resident trout population in a mountain environment (Von 

Geldren, 1989). Crowley Lake's high productivity results in trout that gain from three to 40 times 

their stocked weight before harvest (Milliron, 1997). 

 

In the northern Mojave Desert zone, there are a few isolated populations of pupfish that have 

remained after Lake Manly dried up. Four species and ten subspecies of pupfish are found in 

streams, springs, and wetlands of the northern Mojave (Tweed and Davis, 2003). Within 

California, these fish are located in the Amargosa River, Saratoga Springs, Salt Creek, and 

Cottonball Marsh. 

 

Amphibians are assumed to be scattered throughout the Sierra Nevada watersheds, but have 

been depleted by introduced trout (e.g., Knapp and Matthews, 2000). The larger populations are 

found in waters without fish. Amphibian populations are also assumed to be declining in the 

eastern Sierra Nevada as is the case in most of the Sierra Nevada (e.g., Jennings, 1996). In 

past decades, anecdotal accounts suggested that frogs and toads were very common, 

abundant, and widespread. During the 1980s, biologists began to note that amphibians were 

becoming relatively uncommon and detected diseases and deformities that have not been 

noticed or at least widely described in the past. A recently identified disease, 
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chytridiomycosis,caused by a fungal pathogen, appears to spreading at an alarming rate and 

greatly reducing population size (Rachowitz, et al., 2006). The principal amphibians of the 

eastern Sierra Nevada watersheds are Yosemite toad (Bufo canorus), mountain yellow-legged 

frog (Rana muscosa), and Pacific tree frog (Hyla regilla). Salamanders--including the poorly 

described Kern Plateau slender salamander (Batrachoseps robustus, imperiled) and a southern 

species of web-toed salamander (Hydomantes platycephalus)--are present in some areas as 

well.  The Humboldt-Toiyabe National Forest has established several "critical aquatic refuges" 

to promote recovery of threatened amphibians. The Kirkwood Lake refuge was established for 

the mountain yellow-legged frog. It covers 840 acres at the higher elevations of the West Walker 

River watershed. Surveys in 2000 found a total population of more than 10,000 frogs, among 

the heaviest concentrations in the Sierra Nevada. In addition to these frogs, Yosemite toad 

larvae were also found in this refuge in the 2000 survey. The Koenig Lake refuge was 

established for Yosemite toads. It includes 2000 acres in the Latopie, Koenig and Leavitt lakes 

subwatersheds. Recent surveys found Yosemite toad tadpoles in the wetlands surrounding 

Koenig Lake and in unmapped ponds between Koenig and Latopie lakes (USDA-Forest 

Service, 2004).  At the lower elevations surrounding Mono Lake, Great Basin spadefoot toads 

are common. 

 

A few species of amphibians and reptiles eke out an existence at isolated springs and seeps in 

more arid reaches of the project area. These include the Panamint alligator lizard (Elgaria 

panamintina, threatened and in decline), the black toad (Bufo exsul, threatened but apparently 

stable), the Inyo slender salamander (Batrachoseps campi, a California species of special 

concern), the Great Basin spadefoot toad (Spea intermontana), the red-spotted toad (Bufo 

punctatus), and the western toad (Bufo boreas). 

 

Terrestrial wildlife  

In a watershed context, the animals that 

have the greatest impact on watershed 

processes are those largely unseen and 

unappreciated creatures that live below the 

soil surface and perform an immense 

amount of work in the soil. The activities of 

burrowing mammals, reptiles, insects, 

worms, and amphibians process organic 

matter and alter the physical structure of the 

upper part of the soil. Animals in the soil 

can have a huge effect on the pore space 

and structure of the soil and, consequently, 

on the infiltration capacity and water 

storage capacity of the soil. Human 

activities that impact soil organisms, such 

as excavation, compaction, vegetation 
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removal, and pollution, can have secondary impacts on the water relations of the soil. 

 

Animals that are traditionally considered as "wildlife" are primarily of interest in the watershed 

context with respect to riparian habitat. The eastern Sierra Nevada does not have any wildlife 

species with either the behavior (e.g., bison) or numbers (e.g., elk in Rocky Mountain National 

Park) to make substantial changes in soil properties, vegetation, or stream conditions to alter 

hydrologic response of the watershed. Nevertheless, all native species have ecological roles, 

and one could imagine some hydrologic consequences if the population of some species were 

drastically changed. Fish and wildlife habitat of the upper elevations of the Inyo-Mono IRWM 

planning area tends to be in excellent condition while the lower portion, below about 7,000 feet 

elevation, tends to be in less satisfactory condition (Inyo National Forest, 1980). 

 

Most wildlife species are dependent on the riparian zone, at least occasionally, for water, food, 

or shelter. Changes in riparian vegetation composition, density, and continuity can have serious 

impacts on wildlife. In most of the Inyo-Mono IRWM planning area, the stream corridors are 

critically important because of the lack of water elsewhere in the landscape. Wildlife dependent 

on the creek water and riparian habitat include mule deer (Odocoileus hemionus), white-tailed 

jackrabbits (Lepus townsendii), Nuttallôs cottontail (Sylvilagus nuttallii), montane vole (Microtus 

montanus), mink (Mustela vison), Yosemite toad, and mountain yellow-legged frog. Many birds 

also use eastern Sierra Nevada riparian habitat, including mourning dove (Zenaida macroura), 

Sooty grouse (Dendragapus fuliginosus), band-tailed pigeon (Columba fasciata), red-winged 

blackbird (Agelaius phoeniceus), song sparrow (Melospiza melodia), northern goshawk 

(Accipiter gentilis), osprey (Pandion haliaetus), and red-tailed hawk (Buteo jamicensus). 

Kestrels (Falco sparverius), ravens (Corvus corax), goshawks (Accipter gentilis), red-tailed 

hawks (Buteo jamaicensis), prairie falcons (Falco mexicanus), and golden eagles (Aquila 

chrysaetos) also utilize riparian zones as part of their habitat.  

 

Of the several wildlife species that use eastern Sierra Nevada riparian habitats for foraging, 

nesting, or cover, some are threatened or endangered or are of special concern.  These 

species include the willow flycatcher (Empidonax traillii), sage grouse (Centrocercus 

urophasianus), peregrine falcon (Falco peregrinus), bald eagle (Haliaeetus leucocephalus), 

osprey (Pandion haliaetus), yellow warbler (Dendronica petechia), mountain beaver 

(Aplodontia rufa), and Inyo shrew (Sorex tenellus) (USDA Forest Service, 1989; California 

Department of Fish and Game, 1990). Long-distance migrant birds depend on riparian 

habitats as they travel through the arid Great Basin. 

 

One species with direct hydrologic impacts is the beaver (Castor canadensis), with their dam-

building behavior. Beaver were not known to exist in the Owens and Long valleys when 

EuroAmericans began settling the area (Hall, 1947). After World War II, there was a debate 

within the California Department of Fish and Game about the benefits and risks of introducing 

beaver. Within the West Walker River watershed, beaver were present along several streams 

in 1967: Little Walker River, West Walker River, Mill Creek, and Lost Cannon Creek (memo in 

CDFG files in Bishop office, no date). Beaver were introduced along Mill Creek in the Mono 

Basin by the Department of Fish and Game in the 1950s.  The population thrives above 
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Lundy Reservoir for nearly the entire length of upper Lundy Canyon and in recent years has 

been spreading to nearby creeks, including Wilson Creek, DeChambeau Creek, and Lee 

Vining Creek. 

 

Mule deer (Odocoileus hemionus) are the most prominent big game species of the eastern 

Sierra Nevada. The West Walker deer herd is a significant wildlife resource within the basin 

and affects many land management decisions. The Round Valley deer herd is of similar 

importance between Bishop and Mammoth Lakes. 

 

Human history, land use, ownership, demographics, economy 

Human history 

Pre-history 

Native Americans of the Piute and Washoe tribes lived in the Walker River basin for at least 

several hundred years. The tribes established settlements in valley bottoms along rivers and 

lakes. Smaller temporary settlements and campsites were occupied at higher elevations during 

warmer months and while on food gathering and trading forays. The Miwok from west central 

California also used the Sonora Pass area (USDA-Forest Service, 2004). 

 

The North Mono Basin is the ancestral home to the Mono Lake Piute (or Kuzedika Piute) 

Indians and has been occupied continuously for the last 10,000 years. The population and 

geographical distribution of the native people of the Mono Basin is not known, but they 

survived upon the natural resources of the basin and traded surpluses with people to the 

west. After EuroAmericans arrived in the 1860s, logging deprived the Kudezika Piute of pine 

nuts from pinyon pines and caterpillars from Jeffrey pines; sheep grazing damaged the 

meadows that were the source of seeds, roots, and bulbs; and hunting reduced the 

pronghorn, bighorn sheep, and sage grouse (Gaines, 1989).  

 

The upper Owens River watershed was probably mostly occupied in the summer months by the 

Piute people who could find more favorable year-round conditions in the Owens Valley or to the 

east. The persistent snowpack and low temperatures were likely to keep Native Americans out 

of the area during winter and early spring. However, there is some evidence for year-round 

occupancy of Long Valley, at least in the 1800s (Burton and Farrell, 1992). Presumably, there 

were good hunting opportunities in the watershed during the snow-free part of the year, and 

people from adjoining areas lived at the higher elevations during the summer. The Glass 

Mountains and Obsidian Dome provided high-quality obsidian for projectile points and tools. 

Volcanism, including ash falls as recently as 660 and 1,210 years ago (Wood, 1977), may have 

affected the vegetation, wildlife, and water of the upper Owens River watershed enough to limit 

Native American use of the area for periods of time (Hall, 1984). 

 

Piute people had villages near Owens Lake and presumably farther north in the Owens Valley 

for centuries. There is evidence of dams and irrigation canals on Bishop and Big Pine Creeks 
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dating back about 1,000 years. At least two square miles of bottomlands were irrigated by these 

canals to enhance the growth of native vegetation (Steward, 1934; Lawton, et al., 1976). 

 

In the northern Mojave desert zone, semi-nomadic people had camps near the receding Lake 

Manly for at least 10,000 years (Tweed and Davis, 2003). There is little archaeological evidence 

of habitation between 7,500 and 4,500 years ago when the region dried out. After the climate 

moderated somewhat about 4,500 years ago, the archaeological record indicates occupation of 

the area resumed. The Kawaiisu people lived in the Indian Wells and Panamint valleys and the 

foothills of the southeastern Sierra Nevada. Southern Piutes lived in the vicinity of present-day 

Tecopa, and Western Shoshone lived in the most arid parts of the area, such as Saline and 

Death valleys. Villages near water sources were estimated to be occupied by about 50 to 60 

people and total population of the northern Mojave desert region was probably less than 1,000 

people (Tweed and Davis, 2003). 

 

1820-1855 

Trappers including Jedediah Smith and Joseph Walker apparently crossed within the lower 

Walker River basin in 1827 and 1833. The first Euro-Americans known to have visited the West 

Walker River basin were in the Bartelson-Bidwell party, who were the first overland emigrants to 

California. This group came through Antelope Valley in October 1841 and struggled over the 

Sierra Nevada somewhere north of Sonora Pass. The earliest exploration of the upper Owens 

River watershed by Euro-Americans is uncertain. Leroy Vining began prospecting in the Mono 

Basin in 1852 or 1853. 

 

In 1834, Joseph Walker descended into Indian Wells Valley from Walker Pass and may have 

entered the southern portion of Owens Valley. He was back in 1843, passing Owens Lake with 

a party of 50 emigrants before ascending Walker Pass (Tweed and Davis, 2003). John C. 

Fremont traveled through the Owens Valley in October of 1845 and named the lake, river, and 

valley for one of his guides, Richard Owens, who was not present during that part of the 

expedition (Chalfant, 1933).  

 

Traveling west from the vicinity of present-day Las Vegas, a party led by Antonio Armijo 

followed part of the Amargosa River and passed through the southern end of Death Valley 

during the winter of 1829-30 (Tweed and Davis, 2003). This route later became known as the 

ñSpanish Trailò. In the autumn and winter of 1849, several parties of emigrants ventured into 

Death Valley and experienced great hardships.  Not all members survived ï leading to the 

eventual name of the valley. 

 

1855-1900 

Antelope Valley was settled in the late 1850s and began to produce hay for Carson City and 

Virginia City (Mono County Resource Conservation District, 1990). Irrigation ditches were soon 

constructed to expand the land under cultivation. In addition to hay fields and pastures, farmers 
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in the valley grew beans, melons, corn, tomatoes, and berries and started orchards that 

produced apples, peaches, and plums.  

 

Settlers moved into the Owens Valley during the 1850s. During the winter of 1861-62, the 

greatest floods of the historical period were observed throughout the Sierra Nevada. Although 

the upper Owens River watershed was probably unoccupied at the time, persistent rainfall 

intermixed with snow led to extreme flows in the streams entering the Owens Valley. At the 

peak of the floods, the Owens River was estimated to be one-fourth to one-half mile wide. The 

harsh winter and inundation of the Owens Valley led to violent conflicts over food between 

Piutes and early white settlers (Chalfant, 1933). 

 

Although gold was discovered near Bodie in 1859 and in Aurora in 1861, these mining areas did 

not take off until the late 1860s and early 1870s. The mining booms drew lots of travelers 

through the West Walker River and East Walker River watersheds and produced heavy demand 

for agricultural products from the rapidly growing farms of the Antelope and Bridgeport Valleys. 

N.B. Hunewill established a sawmill in Buckeye Canyon to supply lumber for Bodie. Sheep 

herding expanded in the uplands in response to the demand from the mining towns, and 

continued in large numbers into the early 1900s. 

 

In the Mono Basin, prospecting led to towns in Lundy Canyon, upper Lee Vining Creek, and 

Rattlesnake Gulch.  Farms and ranches in the basin supplied food to these gold-mining 

communities.  Irrigation ditches were developed at that time to bring water from creeks to 

pastures and farm fields. LeRoy Vining operated a sawmill in Lee Vining canyon in the 1860s. 

 

A group of prospectors continuing the search for the "Lost Cement Mine" in 1877 found a rich 

gold-silver vein in "Mineral Hill" or "Red Mountain" just east of Lake Mary (DeDecker, 1966). 

They called it the "Mammoth Vein" and organized the Lake mining district. Word of the new 

strike spread quickly, and miners rushed to the area. Mining camps were built nearby, including 

Mammoth City, Pine City, Mill City, and Mineral Park. The combined population in 1879 was 

thought to exceed 1,500 (DeDecker, 1966). A dam was constructed at Twin Lakes to supply 

hydro-mechanical power. The mining boom led to construction of a wagon road from Benton, a 

toll road up the Sherwin Grade from Bishop, and a toll trail from Oakhurst to supply beef cattle 

(DeDecker, 1966).  

 

During the mining boom, the Owens Valley became home to farmers and ranchers and had a 

population of several thousand people by the turn of the century (Irwin, 1991). Some Owens 

Valley ranchers drove cattle and sheep into the highlands of Long Valley and the upper Owens 

River area for summer and fall grazing in the 1880s (Burton and Farrell, 1992). There are no 

records of the extent or intensity of grazing for the first few decades. When the Inyo National 

Forest took over administration of the forested federal lands from the Sierra Timber Reserve in 

1908, one of the first tasks was to control overgrazing (Millar, et al., 1996).  
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The mining town of Kearsarge in Onion Valley was destroyed by avalanches in 1864. Silver was 

discovered in 1865 at Cerro Gordo, east of Owens Lake. In 1872, the strongest earthquake in 

Californiaôs history devastated Lone Pine, which had about 250 residents at the time. 

 

1900-1930 

Many of the farms and ranches of Antelope Valley were consolidated in the 1880s by cattle 

baron Thomas B. Rickey. By the turn of the century, Rickey's operations were using enough 

water that downstream ranchers in Smith and Mason valleys believed that their water rights 

were being infringed upon. In 1899, work began on Topaz Reservoir and was later completed 

by downstream water interests that formed the Walker River Irrigation District in 1919. Water 

storage began in 1921, and by May 1924, about 30,000 AF of water were stored in Topaz 

Reservoir (California Department of Water Resources, 1992).  

 

As more people in southern California accumulated wealth and leisure time in the early 1900s, 

the eastern Sierra Nevada including the Mammoth Lakes area became a destination for 

summer recreation. An automobile trip from Los Angeles required about two and a half days 

in 1914. A paved road along the eastern escarpment of the Sierra Nevada (close to the 

present route of U.S. Highway 395) would not be completed until 1931 (Irwin, 1991).  

 

Large-scale development of the water of the Owens 

River began in 1903 when the U.S. Reclamation 

Service began a study of water resources in the 

eastern Sierra Nevada. Establishment of the Inyo 

National Forest was apparently linked to potential 

water development (Martin, 1992). Watershed 

protection was proclaimed as the reason for creating 

the Inyo National Forest by President Theodore 

Roosevelt in May 1907. After the lands were surveyed 

in 1905, one of the Forest Service employees wrote: 

"This addition will protect and regulate the water flow 

of the Owens River and its tributaries" and [the lands] "were set aside to protect the Owens 

River watershed, to protect the water supply of the City of Los Angeles" (Ayres, 1906; quoted in 

Martin, 1992). The City of Los Angeles began acquiring land and water rights in the Owens 

Valley as well as performing initial engineering work for an aqueduct and storage facilities in the 

early 1900s. Construction began in 1908, and water was flowing through the completed 

aqueduct in 1913.  During a dry period in the 1920s and early 1930s, Los Angeles completed 

approximately 170 new wells in the Owens Valley to supplement water exports via the first 

aqueduct. 

1930-present 

The capacity of Topaz Reservoir was increased to about 60,000 acre-feet in 1937. The Marine 

Corps Mountain Warfare Training Center in Pickel Meadow was established in 1951. 
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Construction of the Mono Craters Tunnel and stream diversion works began in 1934, Grant 

Lake dam was enlarged in 1940, and water export from the Mono Basin began in 1941. 

Export capacity was increased in 1970 with completion of the second barrel of the Owens 

Valley aqueduct to Los Angeles. Several lawsuits regarding Mono Lake and tributary streams 

were settled in the 1980s, resulting in minimum flows for Rush and Lee Vining Creeks. In 

1994, the State Water Resources Control Board issued decision D-1631, amending LADWPôs 

water diversion licenses. 

 

In 1932, the Los Angeles Department of Water and Power purchased Fred Eaton's ranch in 

Long Valley and began construction of the Long Valley dam. In the following years, the 

department purchased other properties in Long Valley to secure water rights of the tributaries to 

the Owens River. After water from the Mono Basin began to flow through the tunnel in 1941, the 

upper Owens River served as a canal with extra flows averaging 50,000-100,000 acre-feet per 

year for the next 50 years.  The Pleasant Valley Dam was constructed in 1957. 

 

In 1970, Los Angeles completed its second aqueduct and filled it with 1) increased groundwater 

exports from the Owens Valley, 2) increased surface water exports from the Owens Valley 

(obtained from reductions in irrigation water previously supplied to Owens Valley ranchers), and 

3) increased surface water diversions from the Mono Basin. The consequent groundwater 

pumping impacts to Owens Valley springs and ecosystems stimulated a series of legal actions 

that resulted in a joint groundwater management agreement for Inyo County in 1991, the partial 

rewatering of 62 miles of the lower Owens River in 2006, and several other environmental 

mitigation projects, some of which have not yet been completed. 

 

As automobiles became more common, the driving public pushed for more roads and those 

roads, in turn, influenced land use. Growth accelerated after World War II and winter recreation 

began to be a potent economic force. The first chairlift at Mammoth Mountain Ski Area was 

installed in 1955. Twenty-five lifts were in service by the mid-1980s, and snowmaking 

equipment began to be installed in the early 1990s. In 2004, the resort recorded 1.5 million 

skier-days, second only to Vail ski area. 

 

The town of Mammoth Lakes began to grow significantly in the late 1960s. In 1971, the Inyo 

National Forest plan stated that Mammoth Lakes was the "fastest growing community in the 

country" (Millar, 1996). The 1990 census reported a population for the town of 4,785. Another 

period of dramatic growth occurred in the late 1990s, and the 2000 census reported a 

population of 8,214. 

Land use 

The Inyo-Mono IWRM planning area is largely in public ownership for conservation and 

management of natural resources. Only about 1.7 percent of Inyo County is in private 

ownership. Outdoor recreation on public lands by visitors from outside the region drives the 

local economies. Agriculture is the dominant land use on private property in the area. About 

71,000 acres of Mono County and 22,000 acres of Inyo County are under irrigation for alfalfa, 
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miscellaneous hay, and irrigated pasture.  Agricultural activities also occur on public land in the 

planning area. 

 

Recreation is a major land use and dominant economic force throughout the Inyo-Mono IRWM 

planning area because of the scenic beauty and high proportion of public land. The Inyo 

National Forest receives about ten million visitor-days of use per year. Recreation is also 

popular on lands of the Humboldt-Toiyabe National Forest, Bureau of Land Management, Death 

Valley National Park, and Los Angeles Department of Water and Power. 

 

The Mammoth Mountain Ski Area is potentially the largest single source of sediment within the 

upper Owens River watershed. Mammoth Mountain has more than 30 ski lifts on a permit area 

of 3,200 acres with a design capacity of 19,000 skiers at one time. Ski areas have an inherent 

conflict between providing good skiing conditions with shallow snow and maintaining enough 

vegetation to minimize erosion. The steep slopes of ski runs also allow flowing water to apply 

sufficient force to readily dislodge soil particles. Besides these fundamental issues common to 

all ski areas, the pumice and poorly developed soils on Mammoth Mountain are prone to 

erosion once disturbed and stripped of vegetation. The ski area has an active erosion control 

program and has successfully established grasses on many of the ski runs. Most of the runoff 

from open ski runs is also channeled through sediment detention basins in an effort to reduce 

the movement of sediment beyond the ski area boundaries.  

 

Compared to other parts of the Sierra Nevada, the potential for significantly increased erosion 

and sedimentation from off-highway vehicle (OHV) use is relatively small in the eastern Sierra 

Nevada because of the limited rainfall and snowmelt runoff. However, a critical exception to that 

statement occurs near and in water courses. When vehicles enter riparian areas and cross 

streams, there can be significant sediment movement, simply because of the presence of water. 

There have been anecdotal observations of OHV caused erosion in Glass and Deadman creeks 

in the past decade. The Inyo National Forest has attempted to address the problem through 

restricting vehicle use in the Glass/Hartley area. 

 

Grazing 

There was a period of severe 

overgrazing in the late 1800s to early 

1900s throughout the Sierra Nevada 

that resulted in widespread changes 

in vegetation cover and composition 

and active channel erosion. The 

northern portion of the planning area 

was assumed to have been impacted 

in a manner similar to the bulk of the 

mountain range. An estimated 

200,000 head of sheep grazed the 
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Walker River country around 1900 (USDA-Forest Service, 2004). The rangelands have been 

recovering ever since under less intense grazing pressure. 

 

The upper Owens River watershed may not have been as severely overgrazed in the second 

half of the 19th century as many other parts of the Sierra Nevada because of the greater 

distance to markets and population centers. Although we know that Owens Valley ranchers 

drove livestock into Long Valley and beyond for summer and fall grazing in the 1880s (Burton 

and Farrell, 1992), there is little other documentation of the extent and intensity of grazing in the 

upper Owens watershed before 1900. When the first rangers of the Sierra Timber Reserve 

arrived in Mono County in 1903, their orders were to keep trespassing sheep out of the reserve 

(Millar, et al., 1996). Overgrazing apparently persisted through the 1940s. In 1944, the Inyo 

National Forest attempted to bring rangeland use, quantified by animal unit months (AUMs), 

closer to range productivity and resolve grazing damage to and conflicts with other resources 

(Millar, et al., 1996). Within six years of adopting that plan, grazing intensity on the whole forest 

had dropped by 40 percent. 

 

The City of Los Angeles Department of Water and Power leases grazing rights on much of the 

land in the planning area. The Owens River from near the shore of Crowley Lake upstream to 

Benton Crossing was fenced in 2000 to exclude livestock from the riparian corridor. The initial 

study of channel and vegetation response to the rest from grazing was too short (three years) to 

show any changes (Jellison and Dawson, 2003). Other riparian fencing projects on tributaries 

that began in the 1990s demonstrated considerable improvement in riparian conditions over the 

longer periods (Jellison and Dawson, 2003). 

 

Agriculture and forestry 

In the northern portion of the region, agriculture, primarily cattle ranching, is the dominant land 

use in the broad Antelope and Bridgeport valleys. Pasture irrigation is the largest single use of 

agricultural water in Antelope Valley (California Department of Water Resources, 1992). Other 

areas of large-parcel private land include Little Antelope Valley and the Sonora Junction area. In 

the early 1970s, there were approximately 38 farms and ranches operating within the West 

Walker River watershed with a combined area of about 15,870 acres (USDA Nevada River 

Basin Study Staff, 1975).  

 

In the 19th century, agriculture was the most extensive land use in the Mono Basin and relied 

on water diverted from the creeks on the west side of the basin. By the 1890s, perhaps 4,000 

acres were irrigated for both crops and pasture (Vorster, 1985). The amount of land under 

irrigation probably peaked at about 11,000 acres in 1929 (Harding, 1962; cited by Vorster, 

1985). As the City of Los Angeles acquired land and water rights in the 1930s, the amount of 

land under cultivation in the Mono Basin decreased. 

 

Irrigated agriculture in the Owens Valley was practiced for hundreds of years by the native 

Piute people who constructed artificial channels to enhance the growth and volume of 

vegetative resources (Steward, 1934; Lawton, et al., 1976). EuroAmericans began to settle in 
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the Owens Valley in the 1860s and rapidly cleared native vegetation to enable farming 

(Vorster, 1992). Irrigation canals were constructed, and more than 250 miles of canals and 

ditches were in place by 1890 (Babb, 1992). This extensive irrigation network allowed most of 

the average annual flow of the Owens River to be diverted and spread across tens of 

thousands of acres of cropland and pasture. By 1900, about 15,000 acres were cultivated and 

another 21,000 acres were intermittently irrigated for pasture (Vorster, 1992). By 1905, the 

diversion of water from the Owens River for irrigation had led to a 33-foot drop in the level of 

Owens Lake over the preceding 30 years. By 1913, in response to a few relatively-wet years 

and reduced irrigation on lands just purchased by the City of Los Angeles, the level of Owens 

Lake rose about 15 feet (Lee, 1915; Babb, 1992). As the City of Los Angeles acquired most of 

the land and water rights in the Owens Valley, agriculture declined rapidly. By the early 1990s, 

about 3,000 acres of alfalfa and other forage crops were irrigated along with about 8,000 

acres of pasture, mostly under lease from the City of Los Angeles (Vorster, 1992). 

 

The Walker River watersheds 

and the Mono Basin were 

major sources of lumber and 

fuel wood for the mines near 

Bodie and Aurora. A five-ton 

steamer was brought from 

San Francisco in 1879 to tow 

barges filled with lumber from 

Lee Vining Canyon across 

Mono Lake (Hart, 1996). 

Apparently, there were so few 

trees remaining near Lee 

Vining in the 1920s that 

lumber had to be brought 

from Mammoth and Bodie to 

build the school. In the early 

1880s, a railroad was constructed on the east shore of the lake to transport lumber from Mono 

Mills, on the southeast side, toward Bodie. The logging camp at Mono Mills operated 

intermittently until 1917 (Hart, 1996). 

 

Timber management on lands of the Inyo National Forest within the upper Owens River 

watershed has been a relatively small-scale activity compared to other national forests in the 

Sierra Nevada. Most of the harvesting has occurred in the Dry Creek, Deadman Creek, and 

Hartley Springs portion of the Glass Creek watershed on the west side of U.S. Highway 395 and 

the area northeast of Crestview. In the 1960s and 1970s, eight timber sales totaling about 60 

million board feet were conducted in the watershed. These harvests removed large Jeffrey 

pines of high value per tree until about 30 percent to 40 percent of the large trees were cut. By 

the late 1960s, most of the forest east of the highway had been harvested in this manner, 

leaving half to two-thirds of the mature trees (Millar, et al., 1996). In 1979, the Inyo National 

Forest adopted a new plan for the area north of Mammoth Lakes that emphasized timber 


