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1 BACKGROUND AND SETTING 

This Technical Appendix to the Owens Valley Groundwater Sustainability Plan (GSP) addresses 

the extent and condition of groundwater dependent ecosystems (GDEs) in the Owens Valley 

Groundwater Basin. The Owens Valley Groundwater Basin is managed by the Owens Valley 

Groundwater Authority (OVGA). As part of the Californiaôs Sustainable Groundwater 

Management Act (SGMA), Groundwater Sustainability Agencies (GSAs) are required to consider 

GDEs and other beneficial uses of groundwater when developing their GSPs. SGMA defines 

GDEs as ñecological communities of species that depend on groundwater emerging from aquifers 

or on groundwater occurring near the ground surfaceò (23 CCR Ä 351(m)). As described in The 

Nature Conservancyôs guidance for GDE analysis (Rohde et al. 2018), a GDEôs dependence on 

groundwater refers to reliance of GDE species and/or ecological communities on groundwater for 

all or a portion of their water needs. Mapping GDEs requires mapping vegetation that can tap 

groundwater through their root systems, assessing where the depth of groundwater is within the 

rooting depth of that vegetation, and mapping the extent of surface water that is interconnected 

with groundwater (Rohde et al. 2018). Once the GDEs are mapped, the occurrence of special 

status species can be used to assess the value of GDEs in the basin, while remote sensing 

measurements can be used to track the health of groundwater dependent vegetation through time. 

This information will be used to inform sustainable management criteria for each management 

unit. This appendix relies on hydrologic and geologic data presented in the GSP and its technical 

appendices.  

 

The central portion of the Owens Valley Groundwater Basin contain lands owned by the City of 

Los Angeles where groundwater and GDEs are managed following a legal settlement and are not 

subject to SGMA. This area is hereafter referred to as the Adjudicated Area (Figure 1.1-1). 

Groundwater pumping in the Adjudicated Area is managed jointly by Inyo County and the City 

of Los Angeles to maintain vegetation cover at 1984ï1987 levels (Groenveld 1992). This 

technical appendix to the Owens Valley GSP addresses GDEs in the Owens Valley Groundwater 

Authority (OVGA) Assessment Area (Figure 1.1-1) which includes all lands outside of the 

Adjudicated Area. While this technical appendix focuses on the OVGA Assessment Area, 

groundwater and vegetation data gathered in the Adjudicated Area were used to inform and 

provide context to our analysis. The Owens Valley Groundwater Basin was classified as a low-

priority basin by the California Department of Water Resources (DWR 2020a). The GSP and the 

approach outlined below was presented during public meetings of the OVGA. 

 

The Owens Valley basin has characteristics that make GDE assessment difficult. The basin is 

over 125 miles long and ranges in width from 2ï15 miles. The basin has a total area of 1,062 

square miles, 65% of which is outside of the adjudicated area (DWR 2020a). The adjudicated 

area extends across the center of the Owens Valley from Bishop downgradient to the Owens Lake 

area. The elongate shape, coupled with a strong gradient in runoff from west to east creates 

diverse habitats. 

1.1  Physiography, Geology, and Soils 

This section includes a brief discussion of the physiography, geology, and soils. These data are 

presented in more detail in Section 2.1 of the GSP. The Owens Valley Groundwater Basin 

underlies alluvial sediments in Benton, Hammil, and Chalfant valleys (hereafter the Tri-Valley 

Area) in Mono County and Round Valley, Owens Valley and Owens Lake in Inyo County (CA 

Department of Water Resources 2016, Figure 1.1-2). The basin is bounded to the north by the 

Benton Range and the Bishop Tuff, to the west by the Sierra Nevada, to the southeast by the Coso 

Range, and to the east by the Inyo and White mountains (Figure 1.1-1). The southern extent of the 
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alluvial basin is marked by the groundwater and topographic divide at Hawiee Reservoir. It is 

approximately 130 miles long and varies in width from approximately 1 mile between Big Pine 

and Poverty Hills to approximately 15 miles at Owens Lake. The basin surface is a high desert 

rangeland valley that ranges in altitude from about 3,500 feet above sea level at Owens Lake to 

about 4,500 feet north of Bishop (Danskin 1998). 

 

Water in the basin originates in the Sierra Nevada and White/Inyo Mountains. The basin is 

drained by the Owens River which originates south of Mono Lake and terminates in Owens Lake, 

a closed basin at the downstream end of the groundwater basin. The primary water-bearing unit in 

the basin is the Quaternary sediment that fills the valley (Figure 1.2-1). Numerous tributaries 

drain the Sierra Nevada, forming extensive coalesced alluvial fans that extend nearly to the valley 

axis on the west side. The Sierra Nevada creates a rain-shadow effect for the Owens Valley and 

the White and Inyo ranges. Runoff and associated alluvial fans at the base of the drier White and 

Inyo mountain are therefore less extensive. Although valley fill material is heterogeneous, in 

general, sediment at the basin boundaries is unconsolidated, coarse, permeable alluvial fan 

material, grading into fluvial and lacustrine sand and silt deposits toward the valley axis.  

 

The majority of soils in the Owens Valley Basin are alluvial or eolian in origin. The geologic 

complexity of the region results in a wide variety of parent materials; over 200 soils are mapped 

in the basin. Soils on the valley floor are typically alkaline (Tallyn 2002), but the well-drained 

soils on the alluvial fans host vegetation that is generally intolerant of high alkalinity (Sorenson et 

al. 1991). 
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Figure 1.1 -1. OVGA Assessment Area showing the exclusion of the Adjudicated Area.  
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Figure 1.1 -2. Owens Valley groundwater basin. 
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1.2  Management Areas 

Based on the geology, hydrology, and pre-existing management policies, the non-adjudicated 

portion of the Basin (referred to herein as the OVGA Assessment Area) has been divided into 

three management areas: Tri-Valley and Fish Slough, Owens Valley, and Owens Lake as 

described in the GSP (Section 2.2.4). For the GDE analysis, the Tri-Valley area and Fish Slough 

will be assessed separately to account for the interconnected surface flows and rare plant and 

animal species unique to Fish Slough. The four management areas are shown in Figure 1.2-1 and 

their extent is shown in Table 1.2-1. Owens Valley is the largest management area in the OVGA 

Assessment Area totaling 43% of the Assessment Area, with the Owens Lake management area 

covering 40%. The Tri Valley management area is about 17% of the Assessment Area, with Fish 

Slough slightly less than 1% of the Assessment Area (Table 1.2-1). 

 
Table 1.2 -1. Area of Management Areas (area does not include the Adjudicated Area ).  

GDE management area Area (acres) % of total  

Owens Valley 184,788 43.0 

Owens Lake 170,491 39.6 

Tri-Valley 71,839 16.7 

Fish Slough 2,943 0.7 

Total 430,061 100 
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Figure 1.2 -1. Owens Valley Groundwater Basin and Management Areas. The figure also shows 
groundwater wells discussed in the Section 1.3.  

 



Technical Appendix Owens Valley GDE Assessment 

 

February 2021  Stillwater Sciences 
7 

1.3  Hydrology  

The physiography and geology of the Owens Valley is described in Section 2.2 of the GSP. Here 

we describe the surface and groundwater hydrology relevant to the GDE analysis. Much of the 

surface water and some of the groundwater in the Owens Valley is diverted to the Los Angeles 

Aqueduct. The valley has no natural surface-water outlet and water naturally drained into the 

Owens River, flows southward into Owens Lake, and evaporates. Flow in the Owens River 

upstream of the Los Angeles Aqueduct intake, located south of Poverty Hills, is controlled by 

releases from Lake Crowley and the Tinemaha Reservoir. Flow in the Lower Owens River, a 62-

mile stretch between the aqueduct intake and Owens Lake, is controlled by releases from the 

river-aqueduct system and groundwater-surface water exchange (Danskin 1998). Water exports 

caused the lake to dry up by 1926, and it remained a playa until the early 2000s, when water 

application to the lake was implemented as part of the Los Angeles Owens Lake Dust Control 

Project (Herbst and Prather 2014). The Lower Owens River was also essentially dry until the 

early 2000s. In 2006, re-watering of the river and floodplain commenced with the Lower Owens 

River Project. Since December 2006, the river has maintained a minimum flow of 40 cfs 

(LADWP 2019a). 

  

The productive aquifer unit of the valley fill is divided into three hydrogeologic units from the 

surface downward. Unit 1 represents the unconfined part of the aquifer system and is the unit 

from which most GDEs obtain their water (Danskin 1998). Unconfined conditions exist in most 

of the aquifer system. Unit 1 has a saturated thickness of about 100 ft. Locally, less transmissive 

layers of volcanic flows or fine-grained sediment (related to paleo lacustrine or fluvial conditions) 

can create localized confinement described as hydrologic Unit 2 by Danskin. Most of the 

groundwater extraction in the valley is from Unit 3, consisting of older, more consolidated 

alluvial sediments (Danskin 1998). This unit occurs well below the rooting depth of trees. Faults 

in the Owens Valley can produce springs and seeps with discharge from both Unit 1 and Unit 3. 

From Water Year 2000 through the first half of Water Year 2019, average annual groundwater 

pumping in the Owens Valley was about 73,000 acre-feet per year (LADWP 2019b). 

 

Aquifer recharge is primarily runoff from the Sierra Nevada that infiltrates through the heads of 

alluvial fans and tributary stream channels. Additional recharge results from seepage from canals 

and ditches, precipitation on sparsely vegetated volcanic rocks, irrigation, and leakage from the 

Owens River-Los Angeles Aqueduct system. In general, groundwater flows horizontally through 

Units 1 and 3 from recharge locations at the valley margins, mainly the west margin, toward the 

center of the valley, and then south toward Owens Lake.  

 

Throughout the basin, faults impede horizontal groundwater flow across the strike of the fault. 

For example, the Owens Valley Fault, which trends north-south along the valley axis in the 

Owens Valley and Owens Lake, impedes west-east flow in the southern and central parts of the 

basin. Faults also create relatively isolated hydrologic compartments in the basin, with recharge 

and discharge occurring from localized sources only, such as streams and springs or wells, 

respectively (Figure 1.3-1). Areas bounded by parallel faults like the Owens Valley and Owens 

River faults south of Lone Pine at the Owens Lake are an example of such compartments. 

Faulting in areas with surface and subsurface volcanic flows have created highly transmissive, 

preferential flow paths typically along the axis of the fault and are the sites of springs and seeps 

through out the basin. 

 

Rohde et al. (2018) recommend defining vegetation as GDEs if the groundwater is within 30 feet 

of the ground surface. This is deeper than most roots, but accounts for differences between the 

location of monitoring wells and GDEs, uncertainty in groundwater modeling (if used), and 
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uncertainty in the rooting depth. We therefore focus on shallow groundwater, where present, in 

our assessment of groundwater in the basin. Trends in groundwater are explored in Appendix XX 

Monitoring Plan and Data Gap Analysis and are only briefly described here. We also explore the 

extent of interconnected surface water in each management area. Because this analysis of the 

GSP does not include a groundwater model, we explore past trends in hydrology using the 

identified monitoring wells in the four analysis areas. Where possible, we use shallow water wells 

identified as monitoring wells in Appendix XX Monitoring Plan and Data Gap Analysis.  

 

There are numerous seeps and springs mapped in the OVGA Management Area (Figure 1.3-1). 

Seeps and springs are located along faults and at geologic contacts. LADWP gages springs with 

significant flows in the Owens Valley (primarily in the Adjudicated Area (Aaron Steinwand, 

personal communication. Below we focus on flows in Fish Slough, which is almost entirely 

spring fed. Additional details on spring flows are available in Appendix XX Monitoring Plan and 

Data Gap Analysis. 

 

For the remainder of this report, shallow groundwater refers to groundwater accessible by roots 

(< 15 below the ground surface [bgs]). Changes in groundwater through time are investigated in 

Appendix XX Monitoring Plan and Data Gap Analysis   



Technical Appendix  Owens Valley GDE Assessment 

 

February 2021     Stillwater Sciences 
9 

 

Figure 1.3 -1.  Seeps and Springs in the Owens Valley Groundwater Basin and vicinity .  
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1.3.1  Owens Valley  

The Owens Valley management area contains numerous tributaries and seeps and springs that on 

the valley floor are typically associated with faults (Danskin 1998). Because there are few wells 

within the potential GDE areas, monitoring wells in the Adjudicated Area are used in places to 

evaluate long term trends in groundwater levels. As discussed in the Monitoring Plan and Data 

Gap Analysis Technical Appendix, shallow wells located in the Adjudicated Area in the Owens 

Valley Management Unit have depths to water that are generally < 20 ft below ground surface 

(bgs). Within a given year, groundwater depths are typically shallower in the winter and spring 

and deeper in summer and fall. Over longer timescales, groundwater depths decline during 

droughts but recover during wetter years. In general groundwater is closer to the ground surface 

in the center of the basin than at the edge, near the alluvial fans where depth exceeded 30 feet bgs 

during the 2012ï2016 drought but recovered after 2017.  

 

The Owens River is connected to groundwater in places within the Adjudicated Area (Danskin, 

1998). Outside of the Adjudicated Area, however, the extent of interconnected surface waters is 

unknown in the Owens Valley management area. It is, however, likely that flowing 

interconnected surface water is relatively rare outside of the Adjudicated Area because 

groundwater depths generally increase toward the mountains due to the steep, upsloping 

topography and the tributaries are known losing reaches and not groundwater discharge zones 

(Aaron Steinwand, personal communication). Because shallow groundwater measurements are 

sparse, we rely on local expertise to assess the extent of interconnected surface water at 

tributaries. Given that vegetation tends to occur in narrow bands along the tributaries, sufficiently 

shallow groundwater to maintain a connection with surface water is unlikely. Local 

interconnected water does occur where groundwater emerges at springs (Danskin 1989).  

 

1.3.2  Owens Lake 

As discussed in the Monitoring Plan and Data Gap Analysis Technical Appendix, the Owens 

Lake management area includes five confined aquifer layers with aquifer numbers increasing 

with deeper stratigraphic positions. In general, the units grade from coarser, permeable materials 

in the delta area north of Owens Lake to clays near the center of the lake (LADWP and MWH 

2011). Monitoring well data for the Owens Lake Management Area presented in the Monitoring 

Plan and Data Gap Analysis Technical Appendix show generally stable shallow groundwater 

elevations, with short term fluctuations corresponding to water year type (Figure 1.3-2). 

Groundwater levels in Aquifer Unit 1 are within the maximum rooting depth of many GDEs 

(~10ft). The location of wells in Figure 1.3-2 are shown on Figure 1.2-1. 
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Figure 1.3 -2. Changes in depth to shallow groundwater in Owens Lake monitoring wells. Red 
shading indicates dry years and blue indicates wet years.  

 

 

Owens Lake is currently managed to limit air pollution from dust. This management includes 

ongoing and planned restoration to improve plant and bird habitat including groundwater-

dependent plants. Dust management primarily involves diverting surface water from the Los 

Angeles Aqueduct to the lake surface (LADWP 2010, National Academy of Sciences 2020). As 

part of the ongoing Owens Lake Groundwater Development Program, LADWP is investigating 

the impacts of deep groundwater extraction from beneath Owens Lake to supplement dust control 

water demand. To date, groundwater levels have remained relatively stable and shallow 

groundwater salinity has not increased (LADWP 2010, LADWP 2021, LADWP and MWH 2011, 

National Academy of Sciences 2020).  

 

The Lower Owens River is located within the Adjudicated Area prior to entering the lake and is 

generally a gaining reach. Seeps and spring have been mapped along the margin of the lake bed 

and south of Olancha along the western margin of the Owens Lake management area (Figure 1.3-

1). GDEs likely derive their water from the confined aquifers where faulting or stratigraphy allow 

upward groundwater flow and discharge at seeps or springs. 

 

1.3.3  Tri -Valley  

The Tri-Valley management area differs from the Owens Valley and Owens Lake management 

areas in that none of its water is derived from the Sierra Nevada. Water in the Tri-Valley area 

originates from the relatively low-lying Volcanic Tablelands consisting of the Bishop Tuff 

pyroclastic flow to the west and the Mesozoic granites and sedimentary rocks of the White 

Mountains to the east. Large alluvial fans extend from the White Mountains into the Tri-Valley 

area, overlying and to the west of these fans is the Bishop Tuff. Both the Volcanic Tablelands and 
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the White Mountains are in the rain-shadow of the Sierra and consequently received significantly 

less precipitation. Small tributaries drain out of the White Mountains but the water infiltrates into 

the groundwater system, is used for irrigation, or evaporates and there is little surface water 

connection with other parts of the basin except for an ephemeral wash that flows only after 

extreme precipitation events. The White Mountain fault extends along the base of the White 

Mountains on the east side of the Tri-Valleys.  

 

Depth to water in monitoring wells in the Tri-Valley area are typically greater than 85 feet below 

the ground surface, and the presence of shallow groundwater available for GDEs is not known or 

monitored (Figure 1.3-3). As shown in the Monitoring Plan and Data Gap Analysis Technical 

Appendix, monitoring wells in the Tri-Valley Management Area have been consistently 

declining. Because the groundwater is deep relative to the rooting depth of plants, the connection 

between the groundwater decline and GDEs is unknown. The presence of potential GDEs in the 

management unit suggest that shallow groundwater may occur in places. The linkage between 

GDE health and groundwater decline in the Tri-Valley Management Unit is explored in Section 

4.2.  

 

Seeps and spring have been mapped in the northwest and southeast portions of the Tri-Valley 

management area (Figure 1.3-1).  

 

1.3.4  Fish Slough 

The Fish Slough spring complex lies in Fish Slough Valley, north of Bishop and southeast of the 

Bishop Tuff Volcanic Tablelands, and consists of multiple spring systems, from small seeps to 

fourth-order springs (discharge of 380 L to 1700 L per minute). Because there is no upstream 

surface flow except infrequent ephemeral runoff, nearly all the flow in Fish Slough is derived 

from groundwater. Several major springs are located along the Fish Slough fault zone, a series of 

north-south trending normal faults. Using surface topography, faulting, and inferred subsurface 

geology, Hollett et al. (1991) identified the Tri-Valley area as one of the potential water sources 

for Fish Slough, which was supported by geochemical analysis by Zdon et al. (2019).  

 

Fish Slough is spring fed and has interconnected surface water throughout its length. Surface flow 

originates from springs that drain into a perennial stream that flows south through Fish Slough to 

the Owens River. The combined discharge of the Fish Slough spring complex is measured at 

surface flow gage SW3216, on Fish Slough about two miles north of its confluence with the 

Owens River. Mean annual flow at SW3216 has declined over the entire period of record, from 

over 500 acre-feet per month in the late 1960s to less than 250 acre-feet per month in 2011 

(Figure 1.3-3). From 1940 to 1965, mean annual discharge at SW3303, less than one mile 

upstream along Fish Slough, declined from approximately 550 acre-feet per month to 450 acre-

feet per month. Mean annual discharge at SW3209, another mile upstream, declined from 55 

acre-feet per month in 1990 to 30 acre-feet per month in 2001. Discharge at SW3209 stabilized 

between 2001 and 2010 and increased to over 80 acre-feet per month by 2016. Mean annual 

discharge at SW3217 in the northwestern (upstream) end of Fish Slough declined from 270 to 

less than 240 acre-feet per month between 1990 and 2000. Discharge at SW3217 subsequently 

increased and stabilized at approximately 270 acre-feet per month between 2014 and 2017. Mean 

annual discharge at SW3208 in the northeastern (upstream) end of Fish Slough has declined from 

90 acre-feet per month in 1990 to less than 10 acre-feet per month in 2017, a decrease of almost 

90 percent. The origins of this decreased surface flow in Fish Slough are explored in more detail 

elsewhere in this GSP.   
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Figure 1.3 -3. Mean annual surface water flows (acre -feet  per month ) for gages in Fish Slough. 
Red shading indicates dry years and blue indicates wet years.  

 

 

Groundwater levels in the Fish Slough monitoring wells have also declined (see the Monitoring 

Plan and Data Gap Analysis Technical Appendix). Well FS2 has steadily declined with time and 

has dropped about 1 ft from 2000ï2017 (with annual variability of 0.5ï1 ft).  
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Figure 1.3 -4. Changes in depth to groundwater in shallow Fish Slough monitoring wells . Red 
shading indicate s dry years and blue indicate s wet years.  

 

 

1.3.5  Hydrology summary  

The OVGA Assessment Area is extensive and shallow wells outside of the Adjudicated Area are 

uncommon. Nevertheless, we can make some generalizations about groundwater and 

interconnected surface water. Interconnected surface waters are likely absent in the Owens Valley 

management area. Groundwater flow models (e.g., Danskin 1998) and limited groundwater data 

outside the Adjudicated Area suggest that the tributaries are not interconnected with groundwater 

(except maybe at their extreme downstream ends, suggesting that they are unlikely to be 

connected upstream where the groundwater is typically deeper. The connection between 

groundwater and flowing surface water in the Owens Lake management area has not been 

assessed. Surface water releases to the lake are highly managed, but some groundwater wells 

suggest the lake, at least, is connected to shallow groundwater. There is no evidence of 

interconnected surface water in the Tri-Valley management area. Interconnected surface water is 

present in the Fish Slough management area and surface water flows have been declining for 

some time.  

 

Groundwater levels in the Owens Valley management area generally rise and fall depending on 

recharge, with declining groundwater often occurring during droughts and rising groundwater 

occurring during wetter years. There is no evidence that groundwater is systematically falling, but 

shallow wells are relatively sparse and further investigation might be warranted if GDE health is 

declining. Similarly, groundwater levels have been steady in the Owens Lake management area, 

with short-term changes due to wet and dry years, but no discernable trend in groundwater 

elevation changes. Groundwater levels have been steadily declining in the Tri-Valley 
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management area. Finally, groundwater elevation has been steadily dropping in the Fish Slough 

management area. Because surface flow in Fish Slough is almost entirely derived from 

groundwater, the declining groundwater elevations are linked to the observed decline in surface 

flows. The trends in interconnected surface water and groundwater in the four management areas 

are summarized in Table 1.3-1.  

 
Table 1.3 -1.  Summary of groundwater and interconnected surface water in the OVGA 

Assessment Area. 

Management area Shallow groundwater change Interconnected surface water change 

Owens Valley Stable, within baseline range Not present 

Owens Lake Stable, within baseline range 
Managed flows, Lake connects with 

shallow aquifer 

Tri-Valley Unknown, groundwater declining No interconnected surface water present 

Fish Slough Declining Declining 

 

 

2 GDE IDENTIFICATION 

In this section, we detail the information sources used, new information gathered, and methods 

applied to make determinations and to describe the conditions of GDEs identified in the OVGA 

Assessment Area. Methods established by Rohde et al. (2018) as well as the text of SGMA itself 

were used as primary guides.  

 

2.1  Vegetation Communit ies 

Potential GDE units in the Owens groundwater basin were identified using the California 

Department of Water Resourcesô (DWR) indicators of groundwater dependent ecosystems 

(iGDE) database. The database, which is published online and referred to as the Natural 

Communities Commonly Associated with Groundwater dataset (DWR 2020b), includes 

vegetation and wetland natural communities. These data were reviewed and augmented with 

additional vegetation mapping datasets to produce a revised map of GDEs; additional information 

on vegetation community composition, aerial imagery, depth to groundwater from local wells 

(where available), plant and species distributions in the area, plant species rooting depths, and 

local observations from Inyo County Water Department (ICWD 2020) were also reviewed to 

support this determination. 

 

2.1.1  Data sources 

This section includes brief descriptions of the vegetation community data and other information 

sources used to identify and aggregate potential GDEs into final GDE units.  

 

The iGDE database (DWR 2020b) was reviewed in a geographic information system (GIS) and 

used to generate a preliminary map to serve as the primary basis for initial identification of 

potential GDEs. This dataset is a combination of the best available data obtained from publicly 

available sources and uses the following sources to identify potential GDEs in the Owens 

groundwater basin: 

¶ Vegetation Classification and Mapping Program (VegCAMP), California Department of 

Fish and Wildlife 
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o Central Mojave Vegetation Database (United States Geologic Survey [USGS] 2002) 

o Fish Slough (California Department of Fish and Wildlife [CDFW] 2014) 

o Manzanar National Historic Site (United States National Park Service 2012) 

¶ Classification and Assessment with Landsat of Visible Ecological Groupings (CalVeg) ï 

United States Department of Agriculture - Forest Service (USDA 2014) 

¶ Fire and Resource Assessment Program (FRAP) ï California Department of Forestry and 

Fire Protection (CalFire 2015) 

¶ National Wetlands Inventory - Version 2.0 (NWI v2.0), U.S. Fish and Wildlife Service 

(USFWS 2018) 

¶ National Hydrography Dataset (NHD) ï Springs and seeps, USGS (USGS 2016) 

 

In addition to the sources identified by the iGDE database listed above, the final GDE map 

includes vegetation data from the following sources: 

¶ Vegetation Classification and Mapping Program (VegCAMP), California Department of 

Fish and Wildlife 

o Vegetation Mapping and Classification of the Jawbone Canyon Region and Owens 

Valley (Menke et al. 2020) 

¶ Delineation of Waters of the United States for the Owens Lake Playa (Jones and Stokes 

and Great Basin Unified Air Pollution Control District [GBUAPCD] 1996).  

 

The extent of the integrated data sources is shown in Table 2.1-1 and Figure 2.1-1. 

 
Table 2.1 -1. Vegetation sources for  Owens Valley GDE management areas.  

Data source 

Mapped area (acres) 

Fish 

Slough 

Owens 

Lake 

Owens 

Valley 
Tri -Valley Total 

Vegetation 

CalVeg 446 8,722 109,527 71,637 190,332 

FRAP - 11,446 377  11,822 

VegCAMP ï Fish Slough 2,497 - 153 177 2,827 

VegCAMP ï Mojave  - 21,277 1 - 21,279 

VegCAMP ï Jawbone Canyon Region 

and Owens Valley 
-  128,850 74,113 - 202,963 

Wetland 

GBUAPCD ï Waters of the U.S. - 160 1 - 161 

NHD - 3 7 4 14 

NWI - 32 608 20 661 

Total
1
 2,943 170,491 184,788 71,839 430,061 

1 Totals may not appear to sum exactly due to rounding error. 
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Figure 2.1 -1.  Wetland and vegetation data sources used for the final GDE map.  
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2.1.2  Procedure  

Rohde et al. (2018) outline steps for defining and mapping GDEs and these were used as a 

guideline for this process. A decision tree was applied to determine when species or biological 

communities were considered groundwater dependent based on definitions found in SGMA and 

Rohde et al. (2018). This decision tree, created to systematically and consistently address the 

range of conditions encountered, is summarized below, where the term óunitô refers to an area 

with consistent vegetation and hydrology:  

 

The unit is a GDE if groundwater is likely: 

1. An important hydrologic input to the unit during some time of the year, AND 

2. Important to survival and/or natural history of inhabiting species, AND 

3. Associated with: 

a. A regional aquifer used as a regionally important source of groundwater OR 

b. A perched/mounded unconfined aquifer. 

 

The unit is not a GDE if its hydrologic regime is primarily controlled by: 

1. Surface discharge or drainage from an upslope human-made structure(s), such as irrigation 

canal, irrigated fields, reservoir, cattle pond, water treatment pond/facility. 

2. Precipitation inputs directly to the unit surface. This excludes vernal pools from being 

GDEs where units are hydrologically supplied by direct precipitation and very local 

shallow subsurface flows from the immediately surrounding area.  

 

Rohde et al. (2018) recommend that maps of likely GDEs be compared with local groundwater 

elevations to determine where groundwater is within the rooting depth of potential GDEs. Given 

uncertainties in extrapolating well measurements to GDEs and differences in surface elevation of 

wells and GDEs, Rohde et al. (2018) recommend assigning GDE status to vegetation 

communities within 30 feet of the ground surface, or where interconnected surface waters are 

observed. This is not possible in the OVGA basin where groundwater data were relatively sparse 

outside of the adjudicated area. Instead, we follow Rohde et al. (2018) and rely on a combination 

of local expertise of ICWD and literature on groundwater dependence of plant communities in the 

Owens Valley as described above. The extensive history of studies of GDEs in the valley to 

manage LADWPôs groundwater pumping had previously established the typical DTW ranges for 

plant communities that are unavailable elsewhere.  

 

The additional vegetation community mapping data sources identified in Section 2.1.1 were 

combined in GIS to create a groundwater basin-wide vegetation map. Consistent with 

Klausmeyer et al. (2018), the most recent and highest resolution mapping was prioritized over 

earlier and coarser scale datasets. The datasets were prioritized in the following order, with the 

highest priority data sources listed first: VegCAMP (CDFW 2014, Menke et al. 2020, USGS 

2002), CalVeg, Delineation of Waters of the United States for the Owens Lake Playa (Jones and 

Stokes and GBUAPCD 1996), and FRAP.  

 

Finally, additional wetland mapping was incorporated where vegetation data were coarse and did 

not accurately capture wetland features. These additional wetland data sources were incorporated 

unilaterally across the selected vegetation data source and were chosen to represent the best 

available data for the extent of each vegetation data source. CalVeg and FRAP were 

supplemented with the iGDE wetland mapping (DWR 2020b) which is derived from the National 

Wetlands Inventory (USFWS 2018) and National Hydrography Dataset (USGS 2016). The 
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VegCAMP Mojave dataset was supplemented using the Delineation of Waters of the United 

States for the Owens Lake Playa. The Jawbone Canyon Region and Owens Valley and Fish 

Slough VegCAMP datasets were mapped to a scale that did not require supplemental wetland 

data. 

 

2.1.3  Refine potential GDE map 

To inform the assessment of GDE condition and potential effects (Sections 3 and 4), the basin-

wide vegetation and wetland map was reviewed and each community was assigned a groundwater 

dependence category (i.e., unlikely, likely, certain). This determination was based on species 

composition and the groundwater dependency of dominant species, whether they were considered 

groundwater dependent either by the iGDE database (DWR 2020b) or by Mathie et al. in their 

review of phreatophytic vegetation in the Great Basin Ecoregion (Mathie et al. 2011), and 

wetland indicator status (Lichvar et al. 2016). Although Klausmeyer et al. (2018) includes species 

with upland facultative wetland indicator status (Lichvar et al. 2016) in their list of groundwater 

dependent mapping units, based on feedback from ICWD and the position of these upland 

facultative species on the landscape (i.e., at the top of alluvial fans on the fringe of the basin), 

these vegetation types were classified as unlikely to be groundwater dependent. Plant 

communities classified as certain GDEs would generally be expected to have greater water 

requirements than communities classified as likely GDEs. Section 3.1 discusses the vegetation 

communities that were identified as certain or likely to depend on groundwater. 

 

In addition to the species-based groundwater dependency determination discussed above, a 

preliminary map with these determinations was reviewed by ICWD to help determine which 

vegetation communities included by the iGDE database (DWR 2020b) are likely to be GDEs in 

the Owens Valley based on the type of vegetation. ICWD has been assessing the groundwater 

dependence of plant species, primarily those found within the adjudicated area of the Owens 

Valley, since the 1980s (Inyo County/City of Los Angeles Technical Group 1990). The ICWD 

analysis focused on species composition (e.g., whether units contained phreatophytes) rather than 

the likelihood of groundwater connection. ICWD has extensive data linking groundwater depth 

and species occurrence (e.g., Manning 1997) as well as measurements of evapotranspiration (ET) 

using measurements of stomatal conductance (Steinwand et al. 2001) and eddy covariance 

(Steinwand et al. 2006). These ET measurements can be compared with measurements of local 

rainfall to determine the portion of the plants water needs are supplied by groundwater 

(Steinwand et al. 2006). As a result, ICWD has a strong local understanding of what plant species 

and vegetation communities are likely to be GDEs and those that are likely not connected to 

groundwater. ICWDôs assessment and revisions were completed using the iGDE database, which 

identifies possible groundwater dependence areas based on Calveg, FRAP, and the Mojave and 

Fish Slough VegCAMP vegetation map sources. The Jawbone Canyon Region and Owens Valley 

map (Menke et al. 2020) was obtained after the ICWD review and predominantly replaced FRAP. 

ICWDôs review of the FRAP data was used to inform the GDE determination of the Jawbone 

Canyon and Owens Valley map based on species composition and landscape position, but the size 

and location of the mapped polygons differed between the two map sources. Although models 

suggest that tributaries to the Owens Valley are disconnected from groundwater, potential GDEs 

along the tributaries were not removed due to uncertainty about their groundwater connection at 

their downstream ends and sparse groundwater data upstream.  

 

Figure 2.1-2 shows the iGDEs database and the assessment by ICWD. ICWD removed 63.9% of 

the vegetation iGDEs originally identified by DWR (2020) (Table 2.1-2); ICWDôs analysis did 

not address wetland data from the iGDE database. In the northern half of the OVGA Assessment 

Area, approximately 89% of the iGDEs identified using CalVeg as a map source were removed 
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by ICWD. Nearly all (96% [~31,000 acres]) of the CalVeg iGDEs removed were Alkaline Mixed 

Scrub (Figure 2.1-2) which are primarily located on alluvial fans bordering the White/Inyo 

mountains (Figure 2.1-1). ICWD removed 30% of iGDEs mapped using FRAP as a data source; 

these were predominantly Alkali Desert Scrub (4,800 acres), which has a similar composition to 

the CalVeg Alkaline Mixed Scrub type. Together, these two iGDEs represent 90% of the 

vegetation removed by ICWD. The remaining vegetation removed from the GDE map were 

approximately 34% of the Iodine Bush-Bush Seepweed map units, 100% of the Alluvial Fan 

Scrub, and 100% of the Mid-Elevation Wash System vegetation unit (Figure 2.1-3). The ICWD 

analysis was used wherever the final assessment was based on CalVeg, FRAP, or VegCAMP 

(Mojave VegCAMP or Fish Slough).
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Figure 2.1 -2.  Revised iGDE map including vegetation polygons kept and removed by ICWD.
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Table 2.1 -2.  Changes to the iGDE map based on ICWD recommendations. 

Source 
Initial area 

(acres) 

After 

ICWD 

(acres) 

Area 

removed 

(acres) 

% 

removed 

VegCamp (Fish Slough and Mojave) 9,917 6,959 2,958 29.8 

CalVeg 35,718 4,033 31,685 88.7 

FRAP 16,165 11,317 4,848 30.0 

Total 61,800 22,308 39,491 63.9 

 

 

 

Figure 2.1 -3.  ICWD changes by vegetation type for the ten most extensive vegetation types in 
the iGDE database (DWR 2020). This database does not include Great Basin 
Wetlands mapping or the Jawbone Canyon Region and Owens Valley vegetation 
maps, which were obtained after ICWDõs assessment.  

 

 

2.2  Special-status Species  

As part of the ecological inventory, special-status species, sensitive species, and ecological 

community types that are potentially associated with GDEs in the OVGA Assessment Area were 

identified. For the purposes of this memorandum, special-status species are defined as those: 

¶ listed, proposed, or under review as endangered or threatened under the federal Endangered 

Species Act (ESA) or the California Endangered Species Act (CESA);  
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¶ designated by CDFW as a Species of Special Concern;  

¶ designated by CDFW as Fully Protected under the California Fish and Game Code 

(Sections 3511, 4700, 5050, and 5515);  

¶ designated as Forest Service Sensitive according to the Regional Foresterôs Sensitive 

Species Management Guidelines listed per USFS Memorandum 2670 (USFS 2011); 

¶ designated as Bureau of Land Management (BLM) sensitive;  

¶ designated as rare under the California Native Plant Protection Act (CNPPA); and/or  

¶ included on CDFWôs most recent Special Vascular Plants, Bryophytes, and Lichens List 

(CDFW 2020a) with a California Rare Plant Rank (CRPR) of 1, 2, 3, or 4.  

 

In addition, sensitive natural communities are defined as vegetation communities identified as 

critically imperiled (S1), imperiled (S2), or vulnerable (S3) on the most recent California 

Sensitive Natural Communities List (CDFW 2020b). 

 

2.2.1  Data Sources 

Stillwater ecologists queried existing databases on regional and local occurrences and spatial 

distributions of special-status species within the OVGA Assessment Area. Spatial database 

queries included potential GDEs plus a 0.5-mile buffer. Databases accessed include: 

¶ California Natural Diversity Database (CNDDB) (CDFW 2019),  

¶ California Native Plant Society (CNPS) Manual of California Vegetation (2019),  

¶ eBird (2020), and  

¶ the Nature Conservancy (TNC) freshwater species lists that were generated from the 

California Freshwater Species Database (CAFSD) (TNC 2019a).  

 

2.2.2  Procedure  

Stillwater reviewed the database query results and identified species and community types with 

the potential to occur within or be associated with the vegetation and aquatic communities in or 

immediately adjacent to the potential GDEs. Stillwater ecologists then consolidated a list of these 

special-status species and sensitive community types, along with summaries of habitat 

preferences, potential groundwater dependence, and reports of any known occurrences. Wildlife 

species were evaluated for potential groundwater dependence using determinations from the 

Critical Species Lookbook (Rohde et al. 2019) or by evaluating known habitat preferences, life 

histories, and diets. Species GDE associations were assigned one of three categories:  

¶ Directðspecies directly dependent on groundwater for some or all water needs (e.g., 

cottonwood with roots in groundwater, Owens pupfish in a spring-fed pool). 

¶ Indirectðspecies dependent upon other species that rely on groundwater for some or all 

water needs (e.g., riparian birds). 

¶ No known reliance on groundwater.  

 

2.2.3  Refine potential use of GDE habitat  

Database query results for local and regional occurrences were combined with known habitat 

requirements of identified special-status species to develop a list of groundwater dependent 

special-status species that satisfy the following criteria: (1) documented occurrence within the 
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management area, or (2) known to occur in the region and suitable habitat is present in the GDE 

unit. 

 

The special-status species evaluation for the OVGA Assessment Area included a large spatial 

area with diverse habitat types and numerous species. Data limitations during the scoping effort 

included: spatial data that were old or included non-specific locations for species sightings, 

limited information on habitat quality in the mapped GDEs, and lack of data on the species 

reliance of groundwater solely within the mapped GDE units or other waterbodies included in the 

adjacent adjudicated areas. To address these data limitations, special-status species monitoring is 

recommended, described in Section 6 GDE Monitoring.  

 

3 GDE CONDITION 

This section characterizes the Owens Lake, Owens Valley, Tri-Valley, and Fish Slough 

management areas based on its hydrologic and ecological conditions and assign a relative 

ecological value to the unit by evaluating its ecological assets and their vulnerability to changes 

in groundwater (Rohde et al. 2018). 

 

3.1  Ecological Condition s 

GDEs included terrestrial and aquatic habitat and other open water aquatic habitats (Table 3.1-1). 

The linkage between groundwater and surface water is not known for much of the OVGA 

Assessment Area (e.g., for many of the tributaries flowing over alluvial fans into the Owens 

Valley). We concentrated our interconnected surface water investigation on Fish Slough and parts 

of Owens Lake. Other tributaries were not included due to their position on the landscape and the 

depth of groundwater wells where the tributaries enter the Adjudicated Area. It is possible that 

interconnected surface waters may occur in the Tri-Valley area and the fringes of Adjudicated 

Area, but data to support this analysis was not available and it should be investigated during the 

5-year update. Waterbodies like springs and sloughs that are directly fed by groundwater are 

considered a component of GDEs that are defined more broadly by vegetation community 

classification.  

 
Table 3.1 -1.  Extent of GDEs by management area. 

Management area  
Owens 

Valley 

Owens 

Lake 
Tri -Valley 

Fish 

Slough 
Total 

Total Area (acres) 184,788 170,491 71,839 2,943 430,061 

GDE extent (acres) 6,115 46,129 1,033 2,191 55,468 

Percent of area 

composed of GDEs (%) 
3.3 27.1 1.4 74.4 12.9 

 

 

The GDE determination (certain, likely, unlikely) is shown in Figure 3.1-1 and the final GDE 

map by management area is shown in Figure 3.1-2. 
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Figure 3.1 -1. Final GDE determination based on the methods outlined in Section 2.2.  
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Figure 3.1 -2. Potential  GDEs  identified by management area. 










































































































































