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EXECUTIVE SUMMARY

The Nature Conservancy (TNC) has identified thedDugy Valley as a potential
priority region due to its ecological richnessgeratant communities, and its potential
to function as a wildlife corridor between the cenv&d lands of the Carrizo Plain
National Monument and Los Padres National Forbsthis project, we assess the
impact of current land use on the Cuyama Valleyarian habitat, habitat
connectivity, and groundwater resources. Additignave evaluate potential threats
to habitat connectivity and water resources thrdioegin scenarios that depict our
vision of how the valley may look by the year 2050.

Analysis of aerial photographs reveals a signifidass of historically present
riparian habitat concurrent with the expansiongrsfailture and the decline of the
groundwater table. Measurement of eighteen trasisdong the Cuyama River
revealed a decline in riparian vegetation, rivearatel width, and channel complexity
since the first available aerial photograph ofréngion in 1938.

Habitat connectivity for four representative spsecilunt-nosed leopard lizard
(Gambelia sila), Two-striped gartersnak&tamnophis hammondii), Pronghorn
antelope Antilocapra americana) and San Joaquin kit foX/(lpes macrotis mutica),
is strong throughout the valley despite the deabileistoric riparian habitat and
intensive agriculture. Our results also indicate thabitat connectivity in every
modeled scenario improves over current conditions.

Development of a regional hydrologic budget prosidgidence that current land use
practices are not sustainable with respect to gheater resources. In some parts of
the valley, declines in the water table exceedfgd@0since the introduction of
irrigated agriculture. If the rate of groundwatgtraction continues, we estimate that
the total available storage will deplete in appnexiely fifty years. However, our
scenario planning analysis illustrates that mapfitsin agriculture and residential
development of the valley are possible with grouathwextraction limited to the rate
of natural recharge. To preserve the economiceantbgical viability of the valley,
future land use should be tied to sustainable giavater use.
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INTRODUCTION

The Nature Conservancy (TNC) of California has tdex the Cuyama River Valley
and Sierra Madre Foothills (herein Cuyama VallaguFe 3) as a potential
conservation priority area (The Nature Conservé&ti§6). The area harbors rich
ecological diversity and rare species that areddarfew other places in California.
The Valley may also facilitate wildlife movementdapromote genetic connectivity
between the conserved lands of the Carrizo Platiohi#el Monument and Los Padres
National Forest.

Current land use practices in the Cuyama Vallewisbiprimarily of irrigated
agriculture, dry farming, ranching, rural residahtievelopment, gravel mining
operations, and petroleum production. On averihgearea receives less than ten
inches of rain annually and faces serious hydralogpacts as a result of low annual
rainfall, high evapotranspiration rates, and iniemgumping for agriculture. The
region may develop further over the next ten ydarding changes in the dominant
agricultural practices and residential infrastroefwvhich may alter the human
demand for water. These disruptions could interfeith wildlife movement and
further imperil rare and sensitive species andaggolcommunities.

The magnitude of the threat posed by economic dpwednt or shifts in agricultural
land use is unknown. This project assesses cuarghpotential future impacts of
human land use on habitat connectivity and groutelwasources. Additionally,
changes in woody riparian vegetation over thedagity years were quantified. It is
anticipated that the results of the project withyade tools and knowledge to help
inform conservation planning in the region.

CONCEPTUAL FRAMEWORK

A conceptual framework helps conceptualize themtamprocess and allows better
integration of varied disciplines (Knight et al.aB). Our project applies Carl
Steinitz’ “Framework Model for Landscape Planningiich provides a “robust and
flexible process for assessing a landscape...tsatiied to address multiple [abiotic,
biotic, and cultural] goals, and is adaptable tg stnategic planning context” (Ahern
2006, p. 126). The framework poses six questiomgitde a comprehensive
assessment of the landscape, and the processeésitieahe landscape (Figure 1
below).



Project Objectives

Represent and Representation Process Evaluation
Evaluate the Landscape How should the How does the Is the landscape
landscape be landscape working well?
described? operate?
Scenario Change Impact
Planning How might the What differences
landscape be might the
altered? changes cause?

Decision
Should the
landscape be
changed?

Conservation
Strategies

Figure 1. Conceptual framework used asa project guide. Model was adapted from Steinitz as
cited in Ahern (2006).

Represent and Evaluate the Landscape

Following the conceptual framework described abtwve project will identify and
evaluate how abiotic, biotic, and social processesact to influence the landscape
of the Cuyama Valley. To assess the landscapegses, the project will (1) develop
a water budget based on rates of natural rechadjaueman extraction, (2)
understand and quantify the economic and socialgsses, and (3) assess the impact
of current land use on habitat distribution andneanivity.

Scenario Planning (Landscape Change Models)

Threats to the wildlife corridor function and hytirgy will be evaluated through four
future development scenarios for the region. Sigatly, the project will explore
how changes in residential development, land us#jradustry, will affect the
availability of water and conservation targets.

Conclusions and Recommendations (Decision Models)

Results from the project will provide tools and Wiedge to inform conservation
planning in the region.



REPRESENT AND EVALUATE THE L ANDSCAPE

Geology

The Cuyama Valley was formed by a down faulted lbkbat is bordered on the north
by the Morales and Whiterock faults and on thelstytthe South Cuyama and
Ozena faults (Singer & Swarzenski 1970). The bhambeen filled with continental
deposits resulting from the active faults that leorithe valley to the north and south,
and by alluvium deposited by Cuyama River. Thesggodits coupled with the semi-
arid climate of the region have created a wideithstion of soil (loam) types with
varying compositions of sand, silt, and clay (Fe@). Older continental deposits
and underlying formations in some of parts of taley have been folded into a large
syncline, which dips northwest toward the vallegipl(Upson & Worts 1951). The
older deposits have little effect on the distribntand subterranean topography of the
groundwater basin, however, the alluvial formatibase been folded so that the
slope of the beds is favorable for the transmissionater from the southeastern part
of the valley (Upson & Worts 1951).

Aside from the major faults that bound the valleyhte north and south, the only
faults known to affect the movement of groundwarertwo associated with the
Graveyard and Turkey Trap ridges that occur inntigdle of the valley (Upson &
Worts 1951). These faults have uplifted semi-petoreedeposits in the north and
restrain movement of groundwater percolating throypgunger permeable deposits
from the south and southeast, thus forcing waténésurface (Upson & Worts
1951). Natural springs have been historically datear the towns of Cuyama and
New Cuyama but were reported dry by 1970 (Sing&wearzenski 1970).



Soil Descriptions

:l Twitchell Dam _ fine sand with very slow permeability

I clay loam, moderate permeability [ fine sandy loam, moderate to slow permeability

I coarse loam, rapid permeability [ fine sandy loam, slow to moderate permeability

- coarse sandy loam, moderately rapid permeability C] fine silt clay to coarse loam mix, moderate permeability

[:l coarse to fine mised sandy loam, slow to rapid permeability - fine silty clay loam, moderate or moderately slow permeability
I fine clay loam, moderate permeability [ mixed gravelly loam, moderate permeability

[ fine clay loam, moderately slow permeability [ sandy loam, moderately rapid permeability

[ fine mixed loam, slow permeability [ ] shaly clay loam, moderate permeability

[ fine mixed sandy loam, moderately slow permeability [ silty clay loam, slow permeability

- fine sand clay loam mix, moderate to moderately rapid permeability - stony sandy loam, moderatel rapid permeability
- fine sand, rapid permeability

Figure 2: Geologic for mations found within the Cuyama Valley.

Climate

The climate of the Cuyama Valley is typical of seand valleys of California’s
central coast, with average monthly temperatuneging from 75°F in summer to
40°F in winter months. Average annual precipitai®less than six inches and
occurs primarily in winter and early spring, peakin February. Annual rainfall
within the basin ranges from six inches at theeyafloor to twenty-four inches in the
peaks of the Sierra Madre Mountains that form thetseastern boundary of the
watershed (County of Santa Barbara Water Resod@%2).

Vegetation and Wildlife

Situated on the boundary between Santa Barbar&amd.uis Obispo Counties, the
Cuyama Valley is a region of exceptional ecologdigérsity (The Nature
Conservancy 2006). Annual grasslands, chapartasarmub habitats, blue oak
woodlands and pinyon-juniper woodlands dominateatiea, but rare habitats such as
saltbush scrub, alkaline marshes, and ripariarster@e also present. Many bird,
herptile, and mammal species inhabit the regioect®s of note range from the Tule



elk (Cervus elaphus nannodes) and the Burrowing owlAthene cunicularia), to
smaller species like the California horned liza&tirfnosoma coronatum frontale)

and the Western spadefoot to&dga hammondii). Federally listed and endangered
species in the area include the Giant kangarofipddomysingens), San Joaquin kit
fox (Vulpes macrotis mutica), and Blunt-nosed leopard lizar@gmbelia sila) (The
Nature Conservancy 2008). Additionally, a numbeplaht and animal species have
been identified as important conservation targetsh@wn in Table 1 (The Nature
Conservancy 2006).

Table 1: TNC Conservation Interestsin the Cuyama Valley.

Taxa Common Name Scientific Name

Birds Tricolored blackbird Agelaiustricolor

Herpetiles Blunt-nosed leopard lizard Gambelia sila

Herpetiles Two-striped gartersnake Thamnophis hammondii
Mammals Giant kangaroo rat Dipodomys ingens

Mammals San Joaquin antelope squirrel Ammosper mophilus nel soni
Mammals San Joaquin kit fox Vulpes macrotis mutica
Mammals Tulare grasshopper mouse Onychomys torridus tularensis
Plants California jewel-flower Caulanthus californicus
Plants Jared’s pepper-grass Lepidium jaredii ssp. Jaredii
Plants Lemmon’s jewel-flower Caulanthus coulteri var. lemm
Plants Pale-yellow layia Layia heterotricha

Plants Recurved larkspur Delphinium recurvatum
Plants Showy madia Madia radiate

Plants Woven-spored lichen Texosporium sancti-jacobi
Vegetation Community| Alkali marsh

Vegetation Community

Alluvial fan sage scrub

Vegetation Community

Annual grassland

Vegetation Community

Blue oak forest / woodland

Vegetation Community

Canyon live oak forest

Vegetation Community

Central Coast riparian forests

Vegetation Community

Chamise chaparral

Vegetation Community

Coast live oak forest / woodla

Vegetation Community

Coastal sage scrub

Vegetation Community

Juniper woodland and scrub /

Cismontane juniper woodland and

scrub

Vegetation Community

Mixed chaparral

Vegetation Community

Mixed montane chaparral

Vegetation Community

Mojavean pinyon and juniper
woodlands

Vegetation Community

Permanent freshwater marsh

Vegetation Community

Saltbrush scrub

Vegetation Community

Semi-desert chaparral

Vegetation Community

Semi-desert scrub / Deserttscr

Vegetation Community

Sycamore alluvial woodland




Socioeconomic Setting

The Cuyama Valley lies 35 miles north of the cifysanta Barbara in the southern
part of the Coast Ranges of California. The valiley within four county
jurisdictions: Santa Barbara, San Luis Obispo, Kand Ventura (Figure 3). The
region is an unincorporated rural area with a ewypopulation density. There are
roughly 1,350 permanent inhabitants in the Cuyamadihg Management Area,
encompassing the small towns of Cuyama and New@ay&ounty of Santa
Barbara Office of Long Range Planning 2006). Alifio the area experienced an
11.9% growth rate between the years of 1990 an@,26 translates into a net gain
of only 150 residents. Furthermore, growth esteéaditom the Santa Barbara County
Association of Governments project only 3% growtlthe region over the next ten
years. This represents the lowest growth projaaifcany planning region in the
county (County of Santa Barbara Office of Long RaR¢anning 2006). Despite this,
there is speculation that the rapid growth in tig @f Santa Maria may generate
additional housing demand in the Cuyama Valley. imeased demand for housing
in the region may, in turn, shift patterns of lars#, residential infrastructure and
residential water demand (Maloney 2008a). Thectffef such accelerated
development are analyzed in the Scenario Planmatios of this report.

Legend

[ Towns

Highways

Cuyama River

|:| Cuyama Valley

—
I Los Padres

Carrizo Plain

| ———————— e —
20 40 ‘

0 10
Figure 3: Location of the Cuyama Valley in the Central Coast of California.




Land Management and Ownership

The distribution of land ownership in the Cuyamgioe is characterized by a
distinctive wedge of private land surrounded bgéeareas of public land (Figure 4).
Carrizo Plain National Monument and Los Padresavaii Forest are public lands
managed by the Bureau of the Land Management and $hForest Service,
respectively. Additionally, California DepartmenftFish and Game manages the
Carrizo Plain Ecological Reserve and the US Figsh\iidlife Service manages the
Bitter Creek National Wildlife Refuge (Figure 4Jhe land managed by these four
agencies comprise about fifty percent of our staiha. Private land holdings
generally occupy the flatlands that surround tlerrvalley and include private
ranches, farms, and other small businesses.

Legend

Il US Forest Service
[ | Bureau of Land Management
I Private Owners
Il CA Dept of Fish and Game
[ US Fish & Wildlife Service
= Cuyama River

® Towns

Figure 4: Land ownership in the Cuyama Valley.

Agriculture and Ranching

Irrigated agriculture is the dominant land usehia Cuyama Valley, with 20,000-
25,000 acres devoted to active farming in any giwear. Current agriculture
consists primarily of row crops rotated betweert rametables, alfalfa, and grains.



The largest crop by acreage is carrots, with amastd 6,000 acres cultivated in
2008 (Figure 5). This represents approximatelpdrcent of the statewide carrot
production (Vegetable Research and Information €etf?97). Rotational fields are
almost exclusively irrigated with overhead or cempigot sprinkler systems.
Vineyards and orchards (pistachio, peach, and gqlinataling 400 acres, are
irrigated with drip and micro-sprinkler irrigati@ystems and are mostly located near
the town of Ventucopa, southeast of the primarycafural zone. The estimated
total acreage of crops grown in the Cuyama Valleyd) the sampling years of
1977, 1985, 1996 and 2008 are presented in Tabkedires for total water
requirements of major crop classes (Table 3) wbtaimed from irrigation surveys
conducted by San Luis Obispo County (San Luis QbGpunty Water Resources
1998).

R-U: Rotational (Unspecified) W " e " oI 1 P (R
RF-U: Rotational (Uspecified Field Crops) i | m'u”D“ Bl
[ZIRFT-U Rotational (Unspecified Field & Truck Crops) o : A,
~Q-U: Orchard (Unspecified Crops) 3 : 5
[."|RT-U Rotational (Unspecified Truck Crops) E i 5 ; il : ru i)
I TOE: Carrots ' ; / ! T
[IT10: Onions and Garlic 3 i ‘ s PR e TR R ' ':
[ T12: Potatoss 1 s b
[#1U-Ag: Uncultivated Ag :
BV Vineyard ; i i
Figure5: Current distribution of agricultural cropsin the Cuyama Valley.

Historic crop acreages were determined through @Ggbdc Information Systems
(GIS) analysis of the California Department of Wd&esources Land Use series
published in 1977, 1985 and 1996. Maps of all yéathe series appear in Appendix
C. Land use and crop classification data was avaiffor areas that match with US
Geological Survey (USGS) Quads 57-39 and 57-48¢ce51977, Cuyama has
experienced three distinct phases in the predorhamgrcultural activity. Alfalfa was
by far the largest crop by acreage in 1977 (Tahlel®85 saw a transition from
alfalfa to grain production, as well as the emeogeof root vegetables. By 1996
much of the prime cropland surrounding the rives wanverted to apple orchards,
carrots, and wheat. The current predominancerobtsaand other root vegetables in
rotation with grains and alfalfa took hold aftee timtroduction of Asian apples in the



US market, which rendered Cuyama apple productton@nically unviable (Mercer
2009).

Table 2: Historic Cuyama Crop Acreages

Year | Carrots | Vegetables | Alfalfa | Orchard | Pistachio | Grains | Vineyard | Fallow
1977 926 70 13,627 4 0 3,744 0 2,696
1985 2,077 554 6,223 19 18 3,55f 19 7,588
1996 | 4,469 1,899 2,137 2,918 229 5,569 37 2,838
2008* | 6,000 4,000 3,000 600 400 5,000 220 4,0p0

* Due to ambiguous San Luis Obispo County pesticiasstication of rotational crops, 2008 acreage
figures are estimates based on historic trendsanmdnt agricultural production literature.

Table 3: Water requirementsof cropsgrown in
Cuyama Valley (San Luis Obispo County
Water Resour ces 1998)

Water Requirements (AF/Y)
Carrots 3
Vegetables 2.8
Alfalfa 5
Orchard 3.8
Pistachio 3.3
Vineyard 2.8
Grain 1.5

Rural Residential Development

Rural residential development consists of less #itdhfarmsteads scattered across
the privately owned portions of the valley. Tha&tvaajority of privately owned land
in the valley is assigned an agricultural land classification, which limits the

density of residential structures to one primasydence per 20 acres of irrigated land
in San Luis Obispo County (San Luis Obispo Counéniing and Building 2009)

and a maximum of 1 residence per 40 acres of dgrraliland in Santa Barbara
County (County of Santa Barbara Planning and Dg@retnt 2008). Although
scattered portions of the study area allow folesgktnts at this rate, much of the area
in Santa Barbara County is zoned for one primamyctire per 100 acres of farmed
land. Zoning ordinance in both counties allowstf@ construction of one accessory
residential structure for every primary residence.



Mining and Petroleum

Gravel, Sand and Gypsum Mining

Gravel, sand and gypsum from alluvial deposits l@esen to be a valuable resource
for construction. Three mines (GPS Mine, Lima GypdMine, and Ozena Mine) are
located on the upper Cuyama River in an area krtowsontain a high density of
sensitive or endangered species. A fourth minetadpd by the Alamo Rock
Company, is located north of Twitchell Dam on Alaeek (Figure 6). Plans for a
fifth mine, the Diamond Rock Mine, are in progréSsunty of Santa Barbara
Planning and Development 2007).

Alamo Rock Mine

GPS Gravel Mine

Diamond Rock Mine (Proposed)
Lima Gypsum Mine

Ozena Valley Ranch Mine

Legend
—— Highways
—— Cuyama River

A:
B:
C:
D:
E:

) Mine Locations

Figure6: Location of the five active gravel mine operationsin the Cuyama Valley.

In-stream gravel and sand mining changes the sediofi¢he river bed, destroys
habitat for species that utilize the river, and mesult in fragmentation of the
riparian corridor. An aerial photograph of in-sine mining illustrates fragmentation
of the river channel and riparian zone (Figure The recovery time of mined stream
systems in arid environments is expected to ex28egbars (Langer 2003). The
removal of aggregate from the river bed may alsseaegional and localized
geomorphic and hydrologic impacts to the area ohialgiincreased total dissolved
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solid (TDS) levels in the groundwater and drawd@ithe groundwater basin
(County of Santa Barbara Planning and Developm@d7R Aggregate mining in the
Cuyama Valley used an estimated 1,120 acre-feetiyel®®95 (US Department of
the Interior US Geological Survey 1995). The cari@mbined water consumption
of all Cuyama mining activities is unknown. In &dxh to the direct loss of habitat
and alterations to the sediment balance, incresek traffic and nighttime lighting
may also significantly impact species (County oft@adBarbara Planning and
Development 2007).

The Diamond Rock Mine is a proposed sand and graired to be located along the
Cuyama River near the GPS Mine in Santa Barbarai@olAn Environmental
Impact Report (EIR) of the proposed mine was coteglen 2007. According to the
EIR, the proposed Diamond Rock Mine will resulihacres of alluvial scrub
habitat fragmentation in the riparian corridor,gytally impacting the following
species: Blunt-nosed leopard lizard, San Joaquifokj Loggerhead shrikd.énius
ludovicianus), and Lawrence’s goldfinciCaduelis lawrencei) (County of Santa
Barbara Planning and Development 2007). Additignéhe Ozena Valley Ranch
Mining Company has proposed a fifteen-acre exparsidhe existing mining
operations (Clerici 2007).

11



The 1989 California Geological Survey’'s mineraldarassification of Santa Barbara
and San Luis Obispo Counties classified only thetera portion of the study area
near Twitchell Dam where the Alamo Rock Compangcsited. This mine site is
classified as likely to contain significant minedaposits. According to personal
correspondence in January 2009 with John Clikebefathe California Geological
Survey, an update of the aggregate classificatiapsnthat will include the entire
Cuyama region is currently in progress. An incegasaggregate mining activity
could occur if the updated report indicates sigatfit unexploited aggregate deposits
in the area.

Petroleum Development

The Atlantic Richfield Oil Company began oil prodioa in the early 1950s, with
production peaking prior to 1977 (Cuyama Commu8igyvices District & Cuyama
Valley Recreation District 2005). Currently, themre three oil fields located in the
Cuyama Basin (Morales Canyon, Russell Ranch, anthSeuyama) (Figure 8).

Legend

Cuyama River

— Highways

B oiiFields

Figure8: Location of oil fieldsin the Cuyama Valley.

Sections of the Los Padres National Forest lieiwithe Cuyama Valley and adjoin
it. The Los Padres National Forest is the onlyif@alia national forest with
commercially developed oil and gas operations. [€asing of land and construction
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of roads within the National Forest for oil or gagloration is determined by
National Forest management, and is constrainetid®pil and Gas Environmental
Impact Statement (US Forest Service 2005a). A F)@&l Environmental Impact
Statement indicated that an 80,258 acre area witleih.os Padres National Forest,
south of the current oil fields, is a High Oil a@as Potential Area (HOGPA). This
area, known as South Cuyama, may be made avaitatdd and gas exploration.
Should the South Cuyama HOGPA be developed, patentpacts to species and
habitat could occur (US Forest Service 2005b)

In 2006, the US Bureau of Land management annoutgeddcision to auction off 34
parcels in Kern, Ventura, Santa Barbara, and S@Qbispo counties for oil
exploration and development as part of its quari@iland gas lease sales (US
Department of the Interior Bureau of Land Managen2&96). Nine of those parcels
(Figure 9, Table 4: Parcels proposed for auctiah wiitical habitat.) are located in
the valley and provide habitat for several endasdi@tants and animals, including
the San Joaquin kit fox and the California jeweinér Caulanthus californicus) (US
Department of the Interior Bureau of Land Managem2€06). Although lessees
would be subject to regulations aimed to protedia@gered species (US Department
of the Interior Bureau of Land Management 20063, &kploration and development
of oil has the potential to reduce critical wil@lihabitat.

bz sk

Legend

D Approximate Location of Proposed Parcels

- Current Oil Fields

Highways

Cuyama River

A a2 '\‘J’Jf S 3] = . )
Figure9: Approximate locations of the nine par cels proposed for oil aucti
Valley based on location data provided by the Bureau of Land M anagement (2006).
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Table 4: Parcels proposed for auction with

critical habitat.

Par cel Number Area (acres)
21 1087
22 1800
24 1605
25 2400
26 160.0
27 240.0
28 840.0
36 80.00
37 80.00
Total: 8292

Renewable Energy Development

A California Energy Resource map created in 20(@latie a portion of the Cuyama
Valley as suitable for concentrated thermal soéaretbpment (Black & Veatch
Corporation 2008). Additionally, the Renewable EyeTransmission Initiative
(RETI) Phase 1B planning document designates laog#ons of the study area as a
potential Concentrated Renewable Energy Zone (CREB@gable of generating 707
megawatts of thermal solar energy. It is importardistinguish the proposed solar
generation site in the Cuyama Valley from the “Guga CREZ, which lies in the
Carrizo Plain north of the study area. The sotarggating facility in the Cuyama
Valley is named “Santa Barbara NE” and is inteniesupplement large wind power
installations in Los Padres National Forest anthensouth coast near Gaviota.
Specific locations for the solar thermal generafamility and associated transmission
infrastructure other than a rough diagram (Figuedte unavailable at this time.
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Figure 10: Proposed renewable ener gy resour ce development sitesin Santa Barbara and San
Luis Obispo Counties. Yellow squaresare solar thermal generating facilities, purple polygons
arewind generation sites and the green circle indicates a biomass project. Light grey regions
define CREZ locationsidentified in the RET| resour ce assessment.

Hydrology and Water Use

The Cuyama Groundwater basin (Figure 11) encompa&a@square miles and
supports all land use in the valley (County of &a&Bdrbara Water Resources 1992).
The Cuyama River is the principal source of recbdog the basin (California
Department of Water Resources 2003a) and flows @slyort distance below Ozena
throughout the year (Upson & Worts 1951). Howederring winter storms, flows
may reach the State Highway 166 bridge near the w\wCuyama, roughly 25 miles
from the river’s headwaters. The river only comgdethe whole length of its course
to Twitchell Dam following rare winter flood evenfidpson & Worts 1951).

In general, groundwater recharge is roughly propoal to the amount of rainfall.
Thus, the bulk of recharge in the basin occursnguaind after storm events (Upson &
Worts 1951). Exact figures for recharge of theugidwater basin are unavailable,
but studies have estimated average yearly rechiaige anywhere between 8,000
acre-feet (County of Santa Barbara Water Resour@@2) and 13,000 acre-feet
(Singer & Swarzenski 1970). These recharge estsrate based on the amount and
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distribution of rain, gauging station informatiaiorin the Cuyama River, and other
factors affecting infiltration, such as type of eégtion and soil moisture content.
Unfortunately, much of this information is limiteshd incomplete (Appendix A).

The roughly 23,000 acres of irrigated agricultund aanching rely exclusively on
groundwater resources. Significant groundwatehdaveawal for agriculture began in
1938 and has progressively increased since that t@ver 95% of groundwater use
is applied towards agriculture (County of Santalbaea Water Resources 1992).

Figure 11: Location of the Cuyama Groundwater Basin (light blue) and major tributaries (dark
blue)

The Cuyama Valley faces serious hydrologic impdatsto groundwater supply
deficits, high evapotranspiration rates, and lowush rainfall. The USGS has been
monitoring groundwater wells in the Cuyama Valleycs 1938. To date, 371
groundwater wells have been monitored in the redahthe majority of these wells
are no longer monitored due to well decommissiomind degeneration. Currently,
seventeen wells remain actively monitored by th&8JFigure 12, Appendix A).
These monitoring sites are located in the centgtign of the valley, where most
agricultural pumping takes place.

Groundwater levels have declined over 300 feet theepast six decades in the
southeastern section of the basin (Figure 13 &1eid4). The variation in depth to
groundwater across the agricultural zone is prilpatiributed to the complexities of
the sub-surface geology (described in detail inGkelogy section of this report) and
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not due to localized differences in withdrawal.uEsnear the intersection of Branch
Canyon Creek and the Cuyama River create an upgedfi groundwater in a
localized region (Figure 15). Natural springs weistorically found in the upwelling
area, but groundwater depths are no longer shatmugh to foster spring formation.
Groundwater level decline near Ventucopa is legsreesince the area of permeable
soil deposits is smaller relative to the rest ef blasin (Figure 16); therefore,
groundwater recharge seems to be more significasta result, groundwater levels
are more variable and do not experience signifivamids of decline (Figure 17).

In 1980, the Cuyama groundwater basin was idedtbiethe California Department
of Water Resources as one of the eleven basingitrcal condition of overdraft,”
which is defined as a “continuation of present watanagement practices [that]
would probably result in significant adverse ovaftirelated environmental, social or
economic impact” (California Department of WateisBerces 2003b). Although the
groundwater basin is experiencing serious hydrologpacts due to unsustainable
groundwater pumping practices, a groundwater manageplan for the basin does
not exist. Sections 10750-10756 of the Californiat®/ Code, commonly referred to
as AB 3030, “provide a systematic procedure foexsting local agency to develop
a groundwater management plan” (California Depantroé Water Resources 1999).
Groundwater management may be developed by adgeaicy following a local
vote, or mandated at the county level (CaliforngpBrtment of Water Resources
2003b). Since the Cuyama groundwater basin ligsmiour counties (Kern, San
Luis Obispo, Santa Barbara and Ventura) any futtiats for a county groundwater
management plan will likely be difficult.

An option to limit withdrawal is for an overlying @ppropriative user to bring suit to
the courts causing the adjudication of the groundwaasin. This is often a lengthy
process, and ends with the court setting an alleevatnual withdrawal from the
aquifer based on scientific evidence and appoirdifigatermaster,” who is an
individual or agency that will set allowable witlagval amounts per user. Only
nineteen groundwater basins have been adjudicatine istate of California, and all
court designated allowable withdrawals for thes@rsahave been at more
sustainable levels intended to stop or slow théhéurdecline of the water table
(California Department of Water Resources 2009).

A 1992 study prepared by Santa Barbara County twnthe most current water
supply and demand figures for the Cuyama groundviztein (Baca & Ahlroth
1992). The County of Santa Barbara and the US@ $anching a study entitled
Geohydrology and Water Availability of the Cuyama Valley, California, which is
expected to be completed by the year 2012. Its wigjectives are to “refine the
geohydrologic framework of the Valley, quantify thydrologic budget of the region,
and develop hydrologic modeling tools to evaluateé manage the groundwater
resources” (Gibbs & Hanson 2008). A more detailescription of the basin and its
storage will allow for a more accurate evaluatibgrmundwater resources.

17



8T

Figure 12: Depth to groundwater data in feet below land surface for the 17 active groundwater monitoring wellsin the Cuyama Valley.
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Figure 13: Thiswell, located in the southeaster n portion of the groundwater basin, has experienced a 302 ft. drop in groundwater
levels over the past 60 years.
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Figure 14: A drop of approximately 355 feet has occurred in this monitoring well located in the southeastern part of the basin.
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Figure 15: Groundwater level data for a well located near theinter section of Branch Canyon Creek and the Cuyama River.
Groundwater level declineisnot assevere asin the southeastern part of the basin.
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Soil Descriptions

[ ] Twitchell Dam

I clay loam, moderate permeability

[ coarse loam, rapid permeability

- coarse sandy loam, moderately rapid permeability

[ ] coarse to fine mised sandy loam, slow to rapid permeability
[ fine clay loam, moderate permeability

[ fine clay loam, moderately slow permeability

[ fine mixed loam, slow permeability

- fine mixed sandy loam, moderately slow permeability

- fine sand with very slow permeability

- fine sandy loam, moderate to slow permeability

- fine sandy loam, slow to moderate permeability

|:| fine silt clay to coarse loam mix, moderate permeability

- fine silty clay loam, moderate or moderately slow permeability
- mixed gravelly loam, moderate permeability

- sandy loam, moderately rapid permeability

- shaly clay loam, moderate permeability

- silty clay loam, slow permeability

[ fine sand clay loam mix, moderate to moderately rapid permeability [l stony sandy loam, moderatel rapid permeability

I fine sand, rapid permeability

Figure 16: Depiction of the distribution of soilswherethe USGS groundwater monitoring wells are located

for mation descriptions are availablein Appendix B.
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Figure 17: Data for a groundwater well near Ventucopa. Thiswell does not experience a significant trend of decline dueto
groundwater recharge.



Current Groundwater Budget

There have been several attempts to develop aalbgesundwater budget for the
Cuyama Valley, but much of the information requitegoroduce an accurate
groundwater budget is limited and incomplete. Dadm existing sources and
previous estimates were compiled in attempt to preda more accurate estimate of
the current groundwater budget. Refer to AppendiwrAmore details on the data and
calculations used to develop this groundwater budge

The following factors were considered in the depaient of the groundwater budget
for a typical year:

Groundwater Underflow

This is the downstream flow of groundwater. Cadtinlg an exact value for
underflow was beyond the technical scope of thigget. Therefore, the most
recent and thorough estimate of 500 acre-feet @ar §AFY) of underflow created
in a 1966 survey was utilized (Singer & Swarzerd$ki0).

Baseflow

This is the amount of groundwater that seeps irgiseam channel. As of 1970,
there have been no observations of water tablesedt@ng the surface (Singer &
Swarzenski 1970). Therefore the baseflow for thgatha Valley is assumed to be
zero.

Floodflow

This is the amount of stream discharge during @dfloAlthough a USGS stream
gauging station is located near the town of Newabug, flow has not been
monitored since 1972, rendering the calculatioa ofirrent estimate impossible.
Therefore, the 9,000 AFY floodflow estimate madeSayger and Swarzenski in
1970 was used.

Vegetative Use

This is the magnitude of water loss due to evapspaation by native vegetation
that is sustained by the groundwater aquifer. Y&ge use in Cuyama was first
calculated by Upson and Worts in 1951, but the afegarian vegetation that
relies on groundwater has significantly declinderéfore an updated estimation
was made. An aerial photograph from the 2005 Matidgriculture Imagery
Program (NAIP) was used to quantify and classigyaimount of vegetation along
the portion of the river where water-loving vegetatwas historically found.
Vegetated areas were measured and classifiedhirge tategories: swamp (tulles,
cattails, and grass); dense trees, grass, and;lamdlsparse grass, brush, and a few
trees. Because field studies on evapotranspiratitine Cuyama Valley were not
available, per-acre coefficients calibrated for tipper Salinas Valley were applied
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(Upson & Worts 1951). The estimated total waterstomed by current natural
vegetation was calculated to be 1,440 AFY.

Net Agricultural Pumpage

This is the amount of water used for irrigation jethwas determined by
multiplying crop acreages with specific water reqments. We assumed
pistachios, vineyards, and orchards use drip itingasystems; therefore a return
flow percentage was not applied for those cropssoime years soils are flushed
out to remove salt build up but this was not takéa account in the overall
groundwater budget for a given year. For the ramgicrops a 30% return flow
was applied, which was based on California DepartraeWater Resources field
surveys on applied water rates and irrigation igfficy rates for agriculture in
Santa Barbara County (Santa Barbara County Waten&g& Boyle Engineering
Corporation 2003).

Net Municipal-Industrial Use

Municipal and industrial water use comprise a reddy small amount of water;
therefore, they were calculated as a collectiveofaa the overall groundwater
budget. The gross per capita demand for the Cuytatiay was estimated at 215
gallons a day per person. This per capita estinagigied to the total population

in the valley (1,350), generates municipal and stdal water use. A 40% return
flow (Santa Barbara County Water Agency & Boyle begring Corporation

2003) was then applied to obtain net water usee nét amount was rounded up to
200 AFY for the groundwater budget calculation.

Total Runoff

Precipitation runoff from the mountains sustaims\fin the Cuyama River.
Because reliable data on precipitation runoff witthie study area is not available,
a calculation made in 1970 was used. The long-tar@nage precipitation runoff
made available for groundwater recharge was estiratt 22,000 acre-feet per
year (Singer & Swarzenski 1970). To account for lasses, a value of 21,000
acre-feet per year was used.

Direct recharge from precipitation on the valleyoil was not taken into account in
this water balance since the value is relativelglsand would not have a significant
impact on the overall water budget calculation.

Based on these assumptions and calculations (App@hdwe estimate the current
groundwater budget of the Cuyama Valley to be defecit of 30,532 acre-feet per
year (Table 5). The trends of critical groundwédgeel decline across the valley (p.
18) seem to support such a number. This deficiéeds the current estimated rate of
recharge by almost a factor of three.
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Table5. Current Groundwater Budget for the
Cuyama Valley. All valuesarein acre-feet/year.

Current Groundwater Budget
Underflow 500
Baseflow 0
Floodflow 9,000

Net Agricultural Pumpage 40,392
Net Municipal-Industrial Use 200
Vegetative Use 1,440
Total Withdrawals (-) 51,532
Natural Runoff (+) 21,000
Deficit -30,532

Wildlife Habitar Connectivity

Habitat connectivity provides important ecologiftaictions relating to biodiversity,
gene flow, population dynamics and species movelahidispersal (McRae et al.
2008). Given its east-west orientation, gentle gwpphy, and position between large
tracts of protected land, the Cuyama Valley seerltsuited facilitate to wildlife
movement (Figure 16). Additionally, wildlife spesienay migrate from the coast
inland along the river valley (The Nature Consenpya®008). This habitat
connectivity may prove crucial for species displeasa adaptation to climate change.
Highway 166 is the biggest impediment to speciegsennt within the valley.
Further land development and diminished water nessumay degrade the existing
connected habitat and threaten the viability ofsepumation targets. Informed
foresight of potential land transformations willoaV for strategic conservation efforts
to mitigate threats to existing habitat connecyivit

We analyzed habitat connectivity of the Cuyama &4afbr species moving north-
south between the Carrizo Plain and Los Padre®hkltForest, as well as for
species moving from coastal habitats inland east-aleng the valley. Our analysis
consisted of four major steps: (1) species selec{®) development of base land use
and habitat map, (3) classification of land useoediog to species preference, and (4)
data processing using Circuitscape software.

Selection of Speciesfor Habitat Connectivity Analysis

Nine species were considered based on their congpiemry habitat requirements.
Species occurrence information from California Maltiiversity Database
(CNDDB) and habitat use based on California Wikllfabitat Relationships
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(CWHR) database were used to narrow the list to $pecies representing either
east-west movement along the valley in the ripac@midor (Blunt-nosed leopard
lizard, Two-striped gartersnak€h@amnophis hammondii)) or north-south movement
across the valley (San Joaquin kit f&onghorn antelopeé\(tilocapra americana)).

Figure 18: Illustration of potential connectivity pathwaysin the Cuyama Valley.

Table 6: Species considered for habitat connectivity analysis

Blunt-nosed leopard lizard Gambelia sila

Two-striped gartersnake | Thamnophis hammondii

San Joaquin kit fox Vulpes macrotis mutica
Pronghorn antelope Antilocapra americana
California horned lizard | Phrynmsoma coronatum frontale
Giant kangaroo rat Dipodonmys ingenus

Nelson’s antelope squirrel Ammosper mophilus nel soni
Tricolored black bird Agelaiustricolor

Western spadefoot Spea hammondii
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Two-striped gartersnakd&ltamnophis hammondii)

The Two-striped gartersnake is a unique speciesdfalong the California coast
from the Monterey Peninsula through Baja. The gsepopulation is in decline from
conversion of natural habitat, excessive livestpeking, and flood control
(NatureServe 2008). The snake requires water yeare;, a sparse resource in the
Cuyama Valley. It is often found in riparian vedaia such as willows, near
livestock watering sites, or in rocky stream beddat(reServe 2008). This species
was chosen to model genetic connectivity east-alesig the valley (Figure 17a). It
is assumed the species only moves long distandes valley during the wet winter
season.

Blunt-nosed leopard lizardsémbelia sila)

The Blunt-nosed leopard lizard is an endangeredisp¢hat likes flat arid
environments with sparse vegetation and sandyatwlying plenty of room to run
(NatureServe 2008). They will not use lands thathaeen tilled for agriculture. It
may take up to ten years for the lizard to re-inihateviously tilled land. Lands
surrounding agricultural areas may seem like slathhbitat, but in fact may not
support populations of the leopard lizard due tstipgle spraying (NatureServe
2008). Each male can have a home range of up &z123, but there may be some
overlap between home ranges (NatureServe 2008eThabitat types found in the
valley are a particularly suitable for the leopkzdrd including, grasslands, desert
washes, and alkali flats. The species was choseptesent east-west genetic
connectivity along the valley bottom (Figure 17b).

Pronghorn antelope\tilocapra americana)

Pronghorn antelope were reintroduced along witte Bl to the Carrizo Plain
National Monument (US Department of the Interior&u of Land Management
2007). Forbs and shrubs make up the majority af thet with sagebrush being the
most preferred shrub species. Grass is used agy$prage and may include the use
of alfalfa (Hopkins 1999). Verbal accounts note the species will travel through
agricultural fields, but no literature has beenmfdualescribing their use of the Cuyama
Valley. Pronghorn may migrate between summer amewranges and move up to
90 miles between ranges (Hopkins 1999). Althougdhhhs not been documented for
the population in the Carrizo Plain, the distano®ss our study area is only 22
miles. Given their large size, roaming grazing b&raand migrations in other areas,
they were chosen to represent cross-valley moveaoemtecting the Carrizo Plain
and Los Padres National Forest (Figure 17c).

San Joaquin kit foX\Mul pes macrotis mutica)

The San Joaquin kit fox is a charismatic speciel light rusty-brown fur and big
ears. They are nocturnal animals that feed on smathmals and rodents. The fox
was added to the federal endangered species li$ian. The Cuyama Valley and
Carrizo Plain represent the extreme southern emiseapecies range (NatureServe
2008). The fox was chosen as a generalist spemidkd valley as it uses many of the
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habitats found in the area including grasslandsygn-juniper shrublands, oak and
pine woodlands, and desert chaparral (Figure Nahabitat was given a suitability
rating of 100, but many habitats were assignednaidje values (33-66). The fox
uses underground dens often previously inhabiteotlgr animals. At times they
have also been observed using culverts and otlggr fapes as dens (NatureServe
2008).

Land Use and Habitat Mapping

Although many national and state land use/land conags encompass the study
area, two recent products were of sufficient spatid taxonomic detail to meet our
requirements: the Landscape Fire and Resourcesgdarent Planning Tools Project
(LANDFIRE, a collaboration between the USDA For8stvice and the US
Department of Interior) database and the USDA E®@esvice CALVEG database.

After examining both datasets in the field andomparison to recent aerial
photographs, we elected to use the LANDFIRE databamwever, to achieve an
acceptable level of accuracy, we combined the LANRBE-database with other
available GIS layers and layers we created basedtnal photography and field
observations. Most importantly a new map of rigathabitat was created using a
2005 aerial photograph of the region to better attarize the changes in habitat
observed throughout the valley. The compreheraive use and habitat map was
created by combining LANDFIRE, agriculture, indistand residential
development, roads, bridges, and the newly devdlaparian layer (Table 7) (Figure
31, p. 46).

Table 7: Layersand their sourcesused to create thefinal land use map

Land Use Sour ce

Vegetative Communities US Forest Service

Agriculture Santa Barbara Agricultural Commissidsétesticide Use Data
Industrial and Residential National Land Cover Bata

Cuyama River and Riparian Area  Developed duringeeto

Tributaries and Stream Network National Hydrologgt&set

Roads Bureau of Land Management

Bridges and Underpasses CalTrans

Classification of Land Use According to Species Preference

For each of the four focal species, land use/laveicdata were re-classified into a
habitat suitability score by cross-walking land epelasses in LANDFIRE to

wildlife habitat types used in the CWHR databas# @ssigning suitability scores for
the species. Suitability values ranged betweend0l&0, where a value of 0 means
the animal will not use that habitat type and aigalf 100 means the habitat has high
suitability for all activities, including foragingesting and reproduction.
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Habitat Connectivity Analysis using Circuitscape Software

Circuitscape is a connectivity mapping softwareigtesd around principles of
electrical circuit theory. Each fundamental compurd electricity including
resistance, conductance, effective resistancestaféeconductance, current, and
voltage are applied to landscape features as thesichly McRae et al. (2008). Circuit
theory states that when multiple paths exist trength of electrical current depends
on the initial voltage and the arrangement of tesss This is analogous to species
movement within a landscape where animals prefedgntse certain habitats and
avoid others. While Circuitscape has the abilitgéscribe a landscape in terms of
genetic and physical connectivity, it also has mecdl limitations. Most notably,
though the program is compatible with multiple cangp platforms, it requires large
amounts of memory to execute a relatively small ineinof grid cells. The study area
analyzed in this project was too large at a seabteresolution of land classification,
given the constraints of computer processing povagproximately 15 million cells.

As a result, the study area was subdivided into fegions with overlapping
segments that were each less than 3 million c€@tmnectivity was modeled between
interest points that were chosen at locations giiligisuitable habitat and strategically
located to model different orientations of moveménsecond round of data analysis
was performed to evaluate connectivity throughddatral region of the valley where
most farming, mining and residential activities kreated. A brief description of each
species and the overview map for the valley areveha the following section.

Habitat Connectivity Results

The output from Circuitscape displays species marérm terms of electrical
current (Figure 19). High current (bright yellomyicates “pinch points” where
species are funneled through a narrow area. Theas aould be interpreted as
critical pathways. Where current is less conceettéreen to blue), many options
exist for species movement. Highway 166 and 33 flusgreatest restrictions to
species movement. Critical connections acrossitifeday can be seen, most
commonly indicating the location of a bridge. Adlatitally, oil fields contain many
roads fragmenting the landscape leading to low ectivity values for all species

Despite these barriers, there is so much natugdtaéon surrounding agriculture and
developed lands that overall connectivity in thieyais strong. Resistance values
were not obtained for the entire valley due togégmented input maps. A more
detailed discussion of resistance values for epehigs will be presented in the
Scenario Planning section of this report.

Blunt-nosed leopard lizard and Two-striped gartekencannot move through
agricultural or developed areas. The footprintgriailture is most apparent in these
species’ maps (Figure 19a & 19b). The snake’'sfifiee river bed to move in a
linear path through agriculture is indicated by streng yellow line in the central

30



valley surrounded by dark blue (Figure 19a). ThenBhorn antelope map (Figure
19c¢) clearly shows the difference between varigpes of agriculture. Antelope will
move through grain, alfalfa and vegetable fieldsilevorchards and vineyards pose
more of a barrier.

(a) (b}

Quantilo Ouantile

Cuantie Quantile

7 oE 1 o8

Figure 19: (a)Two-striped garter snake east-west valley connectivity; (b) Blunt-nosed leopard
lizard east-west valley connectivity; (c) Pronghorn antelope cross valley connectivity; (d) San
Joaquin kit fox generalist specieswhole valley connectivity.

Currently 300-400 vehicles travel on the road @er (California Department of
Transportation 2007). The roads are assumed tacbeplete barrier for Blunt-nosed
leopard lizard and Two-striped gartersnake. Neifipexcies will cross a road of this
size, regardless of traffic patterns. One the dtfaeid, the San Joaquin kit fox and
Pronghorn antelope will cross roads, but with gigant risk of stress, injury, or
mortality. As observed during field visits, mosgthridges in the lower part of the
valley are open-span bridges. These types of lsilgee been proven effective for
large mammals including elk and deer (Safe Pas®a@eé). The images below
(Figure 20) highlight places important to conneityiare directly related to the
bridge underpasses.
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Figure 20: Locations of bridge under passes critical for species movement. Yellow areasrepresent
thetop 10% of conductance values.

Historic Riparian Vegetation

As groundwater resources have been depleted owgetirs, riparian vegetation
within the valley has undoubtedly changed. GaltattonwoodsRopulus fremontii)
may historically have been found within the rivatley (Maloney 2008b). An
analysis of historic aerial photographs of the rivaley through time provided data
as to how the decline of the water table has aftetite distribution of riparian
vegetation within the valley.

Four aerial photograph mosaics, from 1938, 1978918nd 2005 were chosen for

the historic riparian vegetation analysis. Thesages were geo-referenced to the
2005 NAIP aerial photograph. Each aerial imageaessolution of 1:40,000 and

32



were obtained in color infrared when possible. fithidisting of flight numbers,
dates, and frames are referenced in Appendix E.

The majority of natural vegetation within the valkubsists on natural precipitation.
However, according to published literature from 1LS&pproximately 2,100 acres
along the Cuyama River historically contained vatien that relied on groundwater
(Upson & Worts 1951). This vegetation reportedljeexied downstream to Bee Rock
Canyon, where highway 166 crosses the Cuyama figure 21). Specifically,

1,650 acres were identified as tulles, cattaild, grass; 150 acres were categorized as
dense trees, grass, and brush; and the remainihg@36s were identified as sparse
grass, brush, and trees (Upson & Worts 1951).

Figure 21: Extent of river where phreatophitic (water-loving) vegetation historically occurred.

Qualitative Analysis

Visual inspection of historical aerial photograpegealed a significant loss of
riparian vegetation concurrent with the expansibimt@nsive agriculture (Figure 22).
The 1938 photograph depicts a region along the @ayRiver channel that contained
identifiable riparian vegetation. In the photodrapparian vegetation appears as a
dark, mottled texture surrounding the river charnhat is distinct from the lighter and
comparatively smoother grassy uplands. In the J#ograph, patches of dark
vegetation remain, but are conspicuously absestilisequent years. As the
agriculture intensified and encroached upon therrthannel, much of the visible,
woody riparian vegetation historically present gldine Cuyama River was lost.
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1938 1978

2005
Figure 22: Illustration of the qualitative comparison of theriparian vegetation.

Quantitative Analysis

To quantify changes to the riparian zone over tienghteen transects perpendicular
to the river were established at approximately [ 1fli.6 km) intervals along the
river in 1938, 1978, 1989 and 2005 aerial imag®salysis of the river spans 27.5
km, and was centered in the portion of the valleyently utilized for intensive
agriculture (Figure 23, Table 8). Channel and woeehetation in the active riparian
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area were measured across each transect usingetiseira tool in ArcGIS 9.3. For
this analysis, areas dominated by trees or shrals elassified as woody vegetation.
Bare or sparsely vegetated areas were classifiadta® channel. In areas where the
channel was braided, segments in each class wern@ead.

Figure 23: Placement of transectsin 1938 aerial image for riparian analysis.

Table 8: Transect distancefor riparian analysis.

Transect Distance (km) Transect Distance (km)
1 0 10 15.1
2 1.83 11 16.4
3 3.27 12 18.0
4 4.20 13 19.9
5 6.61 14 20.9
6 8.95 15 22.4
7 10.6 16 24.1
8 12.3 17 25.7
9 14.1 18 27.5

Total riparian width (width of the river channeliplwoody vegetation) tends to
diminish downstream, and it is clear that the latgmrtion of riparian area was lost
in transects 3 through 6 after 1938 (Figure 24)esE transects are located in the
portion of the valley that has experienced the tgitadecline in the groundwater
table. Changes in woody vegetation and channelaasetar less dramatic in the other
transects, as well as between 1978 and 2005.

Total woody vegetated area has decreased 42% @@&1tb 2005. In nine of the
eighteen transects the maximum amount of woodytaéiga was seen in 1938.
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However, 1938 also contained the minimum amoumtaddy vegetation in four
transects (Figure 25). On average, woody riparegetation has not changed
significantly between years (1938, 48%; 1978, 49989, 48%; 2005, 35%). These

results indicate that changes in the riparian \&get declined in proportion to
changes in the river channel width.

The overall results from this analysis suggest ti@tobserved narrowing of the river
channel and proportional loss of riparian vegetatian be attributed to the combined
effect of groundwater extraction and land conversmagriculture.

Combined Channei and Riparian Vegetaticn Width
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Figure 24: Combined channel and woody vegetation width through time.
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Range of Woody Vegetation Over Time Series
as Compared to 1938
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Figure 25: Range of woody vegetation over time series as compared to 1938.

SCENARIO PLANNING

To evaluate potential threats to sensitive comnesjithabitat connectivity, and
groundwater in the Cuyama Valley four scenariosavekaveloped to illustrate
possible changes to the region that may occur &yélar 2050. The scenarios are
entitled: Ghost Town, Wine Country, Satellite Ciyd Nature Preserve. These
scenarios are designed to compare possible trartle economic development of
the region, along with shifts in patterns of resii development, demographics,
land use, and water availability. Scenarios wesghed to represent end points of
thematic change to the region to evaluate the@mge of possible impacts to
conservation interests. The following three pdiligrams (Figure 26) illustrate the
fundamental differences of each scenario alongthres of comparison, extent of
agriculture, magnitude of human development, awel lef dedicated conservation
activity. Charts that accompany each scenariorge®n (Figures 27 — 30) indicate
the anticipated outcomes of that scenario relatwaurrent conditions. The indicated
change is qualitative and the size of the arrowegs differing magnitudes of
change where appropriate. Horizontal arrows reprdgtle change from current
conditions.
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Figure 26: Illustration of basic scenario components.

Ghost Town

Description: The Cuyama Valley groundwater basin is depletetie point where
irrigated agriculture is no longer viable. Land\poeisly used for agriculture either
reverts to natural vegetation, or is utilized foebstock grazing. With no replacement
industries, population in the valley decreasestibaly, and the towns of Cuyama
and New Cuyama are effectively deserted.

Key Drivers: Groundwater Depletion, Low Regional Economics, ZRreplacement
Industry

Will Not Happen Without: Continued Groundwater Depletion
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Ghost Town

Elements Change Elements Change

Houses, Businesses and .
Agriculture

Infrastructure
Year-round Residents * Renewable Energy *

Daily Traffic * Total Water Use *

Recreational Use of Publig . .
Lands |::> Species Connectivity *
Gravel Mining * Oil Development *

Figure 27: Anticipated results of the Ghost Town scenario.

Ghost Town M ethodology

In this scenario, areas designated as agriculiamdk in the land cover map were
changed to grasslands or scrubland. Existing uaiba&s and roads were preserved in
the land cover map to represent the remainingstrinature. In the water balance
calculation for this scenario, net human use oewatas reduced to zero since there
are no agricultural, domestic, or industrial aties taking place. All other factors in
the water budget were assumed to remain unchangedcuirrent conditions. It was
also assumed that the amount of natural vegetegiging on groundwater decreased
to a little over half of the current value.

Wine Country

Description: The region becomes a hot spot for getaway weekacationers and is
developed in a style epitomized by central coasewi towns such as Santa Ynez
and Carmel Valley. The towns of Cuyama and New @wyeemain small with few
year-round residents, but with increased retail lwgpitality infrastructure. The
economy is dominated by service-oriented businesgging boutique lodging, fine
dining, and local viticulture. Most large-scale rovop agriculture is converted to
vineyard or fruit and nut orchards. In the uppaltey near Ventucopa, ranchette
style housing is introduced at the current allowablke set in the zoning ordinance.
The majority of the land that has not been conwgeteviticulture, orchard, or
ranchette development is retained for ranchingu@davater remains the only source
of water in the valley.

Key Drivers: Transition to High Value Crops, High Regional Econcs, Emergent
Tourism Appeal
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Will Not Happen Without: Coordinated Private Investment

Wine Country

Elements Change Elements Change
Houses, Businesses and Row Crop Agriculture

Infrastructure
Year-round Residents Vineyards

Daily Traffic Orchards

Weekend Traffic Total Crop Acreage

Recreational Use of Publig

Lands Total Water Use

Gravel Mining Species Connectivity
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Figure 28: Anticipated results of the Wine Country scenario.

Wine Country Methodology

Development in the Wine Country scenario was camstd to the maximum number
of twenty-acre wineries that a perennial yield @f0® AFY would allow. Perennial
yield is defined as the “amount of usable watemflaogroundwater aquifer that can
be economically withdrawn and consumed each yearfondefinite period of time”
(State of Nevada Department of Conservation andrdbaResources Division of
Water Resources 2009). This amount of water caexueed natural groundwater
recharge. Because groundwater recharge estimates &ariable, a conservative
perennial yield of 8,000 AFY reported in a 1992dstwas used to calculate total
sustainable population (County of Santa BarbaraeWRésources 1992)

In the water balance calculation for this scenahe,only two factors that were
adjusted were water use from the municipal andstrél (M&I) sector and from
agriculture. A Santa Barbara County groundwat& Eejport produced in 2006
provided figures for the anticipated yearly watensumption associated with wine
production, estate landscaping, employee use emmanly and visitor use. On
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average, a twenty-acre winery with a tasting roathuge 18.59 AFY of water
(County of Santa Barbara County Executive Office@0This figure of 18.59 AFY
was used as the M&I water demand for this scenakaditionally, vineyard
cultivation in the Cuyama region with a drip irrigan system requires an average of
2.8 feet of water per acre each year (San Luisg@b@ounty Water Resources 1998).
Thus, the annual irrigation requirement of a twesntye vineyard is roughly 56 AFY.
Adding the water requirements of wine productiod sourism, the average twenty-
acre vineyard demands roughly 75 AFY. A baseli@epnial yield of 8,000 acre-
feet allows for the development of roughly 105 ttyeacre vineyards or 2,100 acres
devoted to viticulture (Appendix A). An agriculadreturn flow of 0 % was assumed
in this scenario since orchards and vineyards tipardgation systems.

Although this scenario assumes wineries are thieqesl course of development,
fruit or nut orchards may be substituted with corapée water demand schedules.
Diffuse residential development and the conversiormow crop agriculture to
vineyards were incorporated into the scenario las&lmap used for the habitat
connectivity analysis.

Satellite City

Description: Regional economic expansion has created demarbiéming and
development for the areas surrounding Santa Mahis. demand spurs the growth of
Cuyama and New Cuyama and the cities merge to beeanew population center.
Groundwater resources are entirely diverted froncatjure to support urban
development. The resulting city will be of simikize to present day Santa Maria,
approximately 48,000 people. Private lands outidecity limits are used for
ranching, as well as solar and wind renewable gnergduction. City residents are
employed throughout the region and primarily comertotSanta Maria, Ojai, Santa
Barbara and Bakersfield.

Key Drivers: Expansion in Regional Residential Demand, High Begji Economics

Will Not Happen Without: Major Regional Growth
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Satellite City

Elements Change Elements Change
Houses, Businesses and Oil Development

Infrastructure
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Figure 29: Anticipated results of the Satellite City scenario.

Satellite City M ethodology

The total sustainable population for the Cuyamdeyalvas determined by dividing
the perennial yield (8,000 AFY) of the underlyirguéer by the average
consumption of water for the region (Appendix Ahis population increase was
modeled on the landscape for the purposes of hatwitemectivity analysis. An
average density of 4,100 people per square miledetesmined from population and
city size data for the nearby cities of Santa Barp8anta Maria, Camarillo and
Lompoc (IDcide 2009), dictating an urban area gfragimately 12 square miles.
Urbanized area was added to the land cover mapiscenario around the existing
towns of Cuyama and New Cuyama. Land previousdgdsr agriculture, orchards
and vineyards was converted to grassland and serdbl

Because build-out was limited by the perennialdyed the groundwater basin,
specific water use requirements for the Satellitg Scenario were not calculated.
To obtain net water use for this sector for theawatlance calculation, a 40%
municipal and industrial return flow was taken istmsideration and a final net-
value of 4,800 AFY was used. This 40% return fleas based on the 2003 Santa
Barbara County Water Supply and Demand Update §3autbara County Water
Agency & Boyle Engineering Corporation 2003).

Nature Preserve
Description: The Cuyama Valley becomes a conservation aremdrtke Carrizo

Plain National Monument and Los Padres NationaéstoiLarge parcels of land are
acquired by conservation entities or managed \ighaim of maximizing the
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conservation potential of the area. The groundwadsin is adjudicated, which
drastically limits the amount of water available &gricultural activities. Ranching
continues but grazing is managed to improve thesigads ecosystem. Conservation
easements limiting development are placed on nrogiepties in the valley. Invasive
species such as Tamarigkafnarix spp.) are controlled. Regional and national
organizations actively work to restore lands praslg used for agriculture to natural
scrub and grasslands.

Key Drivers. Active Conservation, Low Regional Economics

Will Not Happen Without: Coordinated Investment in Conservation

Nature Preserve

Elements Change Elements Change
Houses, Businesses and .
Oil Development
Infrastructure
Year-round Residents * Agriculture *
Daily Traffic * Ranching ’
Recreational Use of Publig Total Water Use
Lands
Gravel Mining * Species Connectivity *

Figure 30: Anticipated results of the Nature Preserve scenario.

Natur e Preserve M ethodology

The natural state of the valley was modeled by eding all urban and agricultural
areas to grasslands and scrublands. Roads withémized areas were removed.
However, roads outside urbanized areas were preber&s in the Ghost Town
scenario, net human use of water was reduced tobesause of the lack of human
activities in the valley (Appendix A). A modest%dncrease in vegetation acreage
was assumed due to active restoration effortsdrriffarian zone. The remaining
elements of the water balance were assumed tomamahanged from current
conditions.

Scenario Impacts on the Groundwater Budget

The current groundwater budget was adjusted teaethanges in water use for each
scenario (Table 9). It is important to reiterdtattall of the scenarios were designed
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around sustainable use of groundwater and thaenowater supplies are brought to
the region to support new development. In additievas assumed that climate
change does not heavily impact the region by 2050.

In all scenarios, the groundwater budget is nodomg a state of deficit. For example,
there is now a small surplus in the Wine Countgnseio even though agriculture is
still expected to be the dominant user. Thererdatively large surplus in the
Satellite City scenario, which can be attributethi® 40% urban return flow assumed
for this scenario. Both the Ghost Town and NaRnmeserve scenarios experience
significant surplus conditions due to the lack afundwater extraction for human
use. Although the groundwater basin demonstratgdusuconditions in all scenarios,
it would take an appreciable amount of time to aegh the basin to pre-agricultural

conditions.

Table 9: Water Balance Calculationsfor Current Conditions and the Four Different Potential

Future Scenariosin the Cuyama Valley. Note: All valuesarein acre-feet per year.

Current Ghost Wine Satellite Nature
Conditions Town Country City Preserve
Under flow from
Study Area (AF/Y) 500 500 500 500 500
Baseflow
(AF/Y) 0 0 0 0 0
Floodflow
(AF/Y) 9,000 9,000 9,000 9,000 9,000
Natural Runoff
(AFIY) 21,000 21,000 21,000 21,000 21,000
Net Agricultural
Use (AFY) 40,392 0 7,326 0 0
Net Municipal-
Industrial Use 200 0 2,192 4,800 0
(AFIY)
Natural
Vegetative Use 1,440 840 1,440 1,440 2,148
(AFIY)
Total Withdrawals
(AF/Y) 51,532 10,340 20,458 15,740 11,648
Deficit/Sur plus
(AFIY) -30,532 10,660 542 5,260 9,352
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Scenario Impacts on Habitat Connectivity

Land use maps were modified to reflect land usegbésiin each scenario. A new
Circuitscape analysis was run, focusing on thei@ouf the valley where the most
significant land use changes are expected to q€tgure 31).

I:l Grassland - Developed
- Scrub/Chapparal - Road
- Oak Woodlands |:| Bridge
- Pine Woodland - Row Crop Agriculture
- Riparian B vineyard

- Open Water - Orchard

[ IBarren D Circuitscape Analysis Unit

Figure 31: The portion of the valley analyzed for scenario connectivity.

On average, current conditions have the greatgsedef species resistance (i.e.
lowest connectivity) to movement (Figure 32). Ewerage resistance under current
conditions for Blunt-nosed leopard lizard is twtbat of San Joaquin kit fox or
Pronghorn antelope. McRae and Beier (2007) havesiihat resistance values
generated from Circuitscape are a better indicaifayenetic variability between
species populations than other models such asdeaspath. Without specific
populations for the species studied it is unclelaetiver the numbers accurately
correspond to genetic differences in the CuyaméeyalEven though the Blunt-
nosed leopard lizard average resistance distartegcis that of other species, the
maximum pairwise value is still less than 0.09.r @sults show very low resistance
to species movement and thus connectivity is radbtihigh throughout the valley
under current conditions as well as under a rafgéaasible scenarios.
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Figure 32: Averageresistance for each species and each scenario. Abbreviations are asfollows:
BNLL, Blunt-nosed leopard lizard; TSGS, Two-striped gartersnake; SIKF, San Joaquin kit fox;
PHA, Pronghorn antelope.

More in-depth examination of the pairwise resistamalues shows other interesting
trends (Figure 33, p. 50). The Satellite City stcemhas the lowest resistance values
between all points for the Two-striped gartersnakelso has the lowest resistance
values between some interest points for the ofheriss but not all. This is an
unusual result, as it is hard to imagine a cityhvite associated traffic being less
impactful to species movement than current conaitioThis result is partially
attributed to the way roads were modeled.

Blunt-nosed leopard lizard and Two-striped gartekenwill not cross the road under
current conditions, so roads were given a suitgbitilue of 0. Roads for the other
species were assigned suitability values less 1baor current conditions. This
value was reduced in the Satellite City scenatib résults indicate that the
difference in suitability was not large enoughigngicantly alter average resistance
values. Secondly, the extent of the Satellite @Gitymaller than current agriculture
due to the assumption that development is consitiddy sustainable water use. The
smaller footprint contributed to lower resistanedues seen in the output from
Circuitscape.
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Additionally, it is interesting to note that the Weéi Country scenario and the Satellite
City scenario have almost the same values for thetBosed leopard lizard, but
different values for the Two-striped gartersnaké&e footprint of the Satellite City is
focused around the current towns of Cuyama and Gleyama, whereas the vineyard
expansion modeled in the Wine Country scenariodgsged around Ventucopa.
Since both residential development and agriculsigeificantly impact the snake’s
movement, we interpret the higher values of rescan the Wine Country scenario
as an indication that the habitat in the upper vgaed, near Ventucopa, is more
important for the snake than the lizard.

Graphs showing additional subtleties can be foun&lgpendix B. Regardless of
subtle differences between species and scenaapsectivity is relatively high in the
valley for all species under current condition ghalisible scenarios.

CONCLUSIONS

Results from our analysis allow us to form sevgealeral statements regarding the
current status of conservation interests in thieyals well as the likely impacts of
future development scenarios.

e Lossof historically present riparian habitat has occurred

Analysis of historic aerial photographs indicatesré has been an appreciable loss of
riparian habitat historically present in the valbiye to the encroachment of
agriculture and the decline of the groundwaterealdieasurement of eighteen
transects through time along the Cuyama River sHawecline in riparian
vegetation, river channel width, and channel comiplesince the first available aerial
photograph of the region in 1938. Due to the elgmh of groundwater resources and
expansion of agriculture into the riparian zonés iinlikely that riparian vegetation
will return without active restoration.

e Thegroundwater basin has been critically impacted but development
with sustainable use of groundwater is possible

Our results indicate that the current groundwagenand exceeds the natural rate of
recharge by a factor of three. If this rate of grwater withdrawal continues, we
estimate that the total available storage will depin approximately 50 years.
Exhaustion of groundwater would severely limit emac opportunities in the valley,
most likely resulting in a future for the regioratttlosely resembles the Ghost Town
scenario. However, results from the Wine Country Satellite City scenarios
illustrate that major shifts in agriculture andidestial development are possible with
groundwater extraction equal to the rate of natrgetharge. For example, water use
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equal to natural recharge could support an urbaalpton of 48,000 or a conversion
to over 2,000 acres of high value agriculture saglorchards and vineyards. To
preserve the economic and ecological viabilityhaf valley, future land use should be
tied to sustainable groundwater use.

- Habitat connectivity isnot substantially impacted by current land use
and isimproved through every modeled scenario

Our analysis of the habitat connectivity for therfgpecies revealed that species
movement and genetic connectivity are not signifiiseimpaired by current land use
practices in the valley. Our results also indi¢dhtg connectivity improves over
current conditions in every modeled scenario, tihaing improvements are marginal
given the strong current connectivity in the valley

The only appreciable barriers to species movemedent in each scenario are
Highways 166 and 33. Although the current distiidu of bridge underpasses
appears to provide connectivity across the roadyspecies movement across
highways through underpasses is uncertain. Aduitlp, because roads and
underpasses significantly influence connectivitghlway expansion or
reconfiguration may affect connectivity in the studea. Research on impacts to
species from these highways and an analysis afghens that best fit the Cuyama
Valley would help ensure habitat connectivity remsastrong.
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APPENDIX A: GAUGING STATION INFORMATION,
PRECIPITATION RECORDS, GROUNDWATER M ONITORING
WELL DATA, AND WATER BALANCE CALCULATIONS

Flow monitoring stations within the Cuyama Valleg éimited and are concentrated
in the lower or northwestern reaches of the watstgRrigure A-1). Table A-1 shows
the gauging station information for the eleven USfa8ging stations in the Cuyama
River Watershed. A large number of the gaugintjasta are not located on the main
reach of the Cuyama River and have a very shoritororg record. Most of these
gauging stations have not been monitored sinc&atbel 970’s, and only stations 3, 5,
6, and 11 are located on the Cuyama River. Theitmtand short monitoring period
of these four monitoring stations makes it veryiclilt to correlate gauging data with
precipitation data for the region and calculateuaai® precipitation inflow into the
basin.

Table A-1: Water Gauging Stations L ocated Within the Cuyama River Water shed

Number Site Site Name Period of Record
Number
1 11136400 WAGON RD C NR STAUFFER CA 6/29/19Y2 91308
2 11136480 REYES C NR VENTUCOPA CA 7127/19Y2  9/3GA
3 11136500 CUYAMA R NR VENTUCOPA CA 4/1/1944 9/3088
4 11136650 ALISO CYN C NR NEW CUYAMA CA| 10/1/1968 /3®/1972
CUYAMA R BL BUCKHORN CYN NR

5 11136800 SANTA MARIA CA 10/1/1959| 11/12/2008§
6 11137000 CUYAMA R NR SANTA MARIA CA 10/1/1929  90R1962
7 11137400 ALAMO C NR NIPOMO CA 3/1/1959 2/1/197¢
8 11137500 ALAMO C NR SANTA MARIA CA 10/1/1943 9/B1D62
9 11137900, HUASNA R NR ARROYO GRANDE CA  6/1/1959 /14/2008
10 11138000 HUASNA R NR SANTA MARIA CA 10/1/1929 /BA/1961
11 11138100 CUYAMA R BL TWITCHELL DAM CA| 10/1/1958 9/30/1983
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Figure A-1: Water Gauging Station Locationsin the Cuyama River Water shed
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Table A-2: Data for Active Groundwater Monitoring Wells. Groundwater level (GWL) data for each monitored year can be obtained

from the USGS National Water |nformation System-Groundwater Levelsfor California

First 2008 First 2008
Site Number Well ID County I;/:/a ;Itlh Mogi;ct)(reing Mogi;ct)(reing '\(Al:e:stulgirrc];\a/\r/“ '\(Al:e:stulgirrc];\a/\r/“ C(il\;\g_ge
Land Surface)| Land Surface)

344910119270501 009N024W33M001S SH 233 1949-09-00/27/3008 152 148.29 -3.71
344944119275701 009N024W32C001S SH 212 8/12/1942 27/X8)08 74 107.62 33.62
345206119294701 009N025W13B001S SH 175 1946-00-0027/2008 91 98.99 7.99

345500119343201 010N025W29K002S SH 450 5/6/1966 /2@08 200.7 443.5 242.8
345512119354101 010N025W30F001S SH 289 8/4/1941  /2Q03 119.7 166.88 47.18
345540119410901 010N026W20P001S SB 880 3/30/2001 27/2)08 138.09 150.89 12.8
345541119384301 010N026W22Q001S SB 500 4/2/2007 /2008 217.25 176.15 -41.1
345603119411901 010N026W20M001S SH 790 4/16/1981 14/3008 84.62 87.73 3.11
345618119393701 010N026W21A001S SH 1004 7/10/1976 /1/2@08 128 194.37 66.37
345637119394701 010N026W16Q00LS SH 646 6/15/1950 1/2Q08 165 219.14 54.14
345709119415501 010N026W18F001S SH 240 8/4/1941 4/HI08 43.12 122 78.88
345808119433501 010N027W11A001S SBH 215 1/25/1945 14/3008 16.39 81.34 64.95
345604119331601 010N025W21G001S SLD 657 10/2/1946 /1/2GD8 77.41 432.86 355.44
345612119313001 O010NO25W23E001S SLO 810 10/2/1946/15/2008 106 408.81 302.8]
345646119350101 010N025W18J002S SLO nj/a 3/25/1997 /1/2008 276.96 295.5 18.54
345800119393101 010N026WO09H001S SLO n/a 4/7/1993 1/2@08 210.44 305.27 94.83
345822119391801 010N026W04R001S SLO 238 10/6/1947 /1/2GD8 31 164.65 133.65




Agricultural Water Use Calculations: These estimates were only calculated for the
current water balance and for the Wine Country aderbecause other scenarios
result in zero agricultural activity.

Table A-3: Crop acreagesand irrigation requirementsfor 2008. Net Agricultural Pumping was

obtained from adding net irrigated and net drip-irrigated pumping requirements
Current Agricultural Water Use

Carrots | Vegetables | Alfalfa | Orchard | Pistachio | Vineyard | Grain

Acreage 6,000 4,000 3,000 600 400 214 5,00

Water
Requirements
(AF/Y) 3 3 5 4 3 3 2

Total
Irrigation
(AF/Y) 18,000 11,200 15,000  2,28(Q 1,32( 602 7,500

Total
Irrigated Ag
Water Use 51,700

Net Irrigated
Ag Water
Use (30%

Return Flow) | 36,190

Total Drip
Irrigated Ag
Water Use 4,202

Net Drip
Irrigated Ag
Water Use
(0 % Return

Flow) 4,202

Net Water
Use 40,392

A-IV



Table A-4: Crop acreagesand irrigation requirementsfor the Wine Country Scenario. Because,
the crop typesin this scenario use drip-irrigation systems a 0% return flow was assumed to
obtain Net Agricultural Pumpage.

Wine Country
Carrots | Vegetables | Alfalfa | Orchard | Pistachio | Vineyard | Grain
Acreage 0 0 Q @ 400 2145 0
Water
Requirements
(AF/Y) 3 2.8 5 3.8 3.3 2.4 1b
Total
Irrigation
(AF/Y) 0 0 0 0 1320 6006 D
Total Ag
Water Use 7,326 | 14.1702128
Return Flow
(0%) 0
Net Water
Use 7,326 | 18.1372549

Municipal and Industrial Use: These estimates were calculated for the currergrwat
balance, and for the Wine Country and Satellitg €ienarios since water use in the
municipal and industrial sector was zero in theaming scenarios. Table A-5 shows
the calculations for determining the amount of waterently being used in both of
these sectors. It is important to note that theenase information reported by the
USGS in their national water use inventory for botlthese sectors was unreliable
and based on inconsistent estimates. Therefomadtoest to calculate water use for
these sectors as a collective unit.

Because development was limited by the perenngddi yif the groundwater basin
(approximated at 8,000 AFY), specific water useunements for the Satellite City
Scenario were not calculated. To obtain net waderfor this sector, a 40% return
flow was taken into consideration and a final nalize of 4,800 AFY was used. The
rest of the calculations simply show the amourgexple that can be sustained with
8,000 AF of water in a given year (Table A-6, TaBi&)
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Table A-5: Calculationsto deter mine the total water currently being used for municipal and
industrial purposes.

Current Municipal & Industrial Water Use

Municipal & Industrial

GPCD (2000) 215
Population According to 2000 Census 1349
Total Water Use (Gallons/Day) 290035
Gallons/Year 105862775
Gallons in Acres 325,851
AF/Y 324.8804994
M&l, Return Flow (40%) 129.9521998
Net Pumpage (AF/Y) 195

Table A-6: Calculationsto deter mine the population that could be sustained with 8,000 AFY in
the Satellite City Scenario

Satellite City Scenario Calculations

Perennial Yield (AF/Y) 8,000
Number of Gallons in an Acre 325,851
Perennial Yield (Gallons/Year) 2,606,811,432
Perennial Yield (Gallons/Day) 7,141,949
Population sustained at 148 gallons/person/day 48,256
Net Water Use with a 40% Return Flow (AF/Y) 4,800

Table A-7: Calculationsto deter mine the number of 20-Acre Vineyardsthat could be sustained
with 8,000 AFY in the Wine Country Scenario

Wine Country Scenario Calculations

Perennial Yield (AF/Y) 8,000
Water Demand of Wine Production — M&I (AF/Y) 18.59
Irrigation Demand of 20 Vineyard with Drip Irrigati 56
Total Water Demand (AF/Y) 74.59
Total Vineyards at Perennial Yield 107.25
Total M&l Water Use (AF/Y) 1,994
Net M& 1 Water Use with a 40% Return Flow (AF/Y) 800

Vegetative Water Use

The consumptive use of water by native vegetatiainé Cuyama Valley for current
conditions, and for the Ghost Town and Nature Pvesgcenario are shown in Table
A-8, Table A-9, and Table A-10. In the Wine Coyrdand Satellite City Scenario, it
was assumed that water use from natural vegetatbaid not significantly change
relative to current conditions. Therefore, the sastanates were used for the water
balance calculations in those scenarios. In thesGhown scenario, it was assumed
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that the amount of vegetation relying on groundweéereased to a little over half of
the current value. This represents an estimatiadeniy group members based on
the fact that groundwater levels have significadtigpped in that scenario — causing
vegetative water consumption to decrease. In tharBl&reserve scenario, it was
assumed that restoration efforts on the ripariarez@ould be taking place and so a
modest 10% increase in vegetation acreage was add@mthis scenario.

Table A- 8: Calculationsto deter mine the quantity of water used by native vegetation

Current Estimated Consumptive Use of Water by Native Vegetation
Dense Trees, Sparse grass,
Swarmp grass, & brush brush, few trees

Acreage 0 0 1200
Annual_ Unit consumptive use 4.2 4.7 12
less rainfall (Feet)
Estimated annual draft on
groundwater (AF) 0 0 1440
TOTAL (AF) 1440

Table A-9: Calculationsto deter mine the quantity of water used by native vegetation in the

Ghost Town scenario

Ghost Town
Dense Trees, Sparse grass,

Swamp grass, & brush brush, few trees
Acreage 0 0 700
Annual Unit consumptive use 42 47 1.2
less rainfall (Feet) ' ' '
Estimated annual draft on 0 0 840
groundwater (AF)
TOTAL (AF) 840

Table A-10: Calculationsto deter mine the quantity of water used by native vegetation in the

Natur e Preserve scenario

Nature Preserve
Dense Trees, sparse grass,
Swamp grass, & brush brush, few trees

10 % Increase in Acreage 0 120 1320
Annual Unit consumptive use 4.2 4.7 1.2
less rainfall (Feet) ' ' '
Estimated annual draft on

0 564 1584
groundwater (AF)
TOTAL (AF) 2148
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APPENDIX B: CIRCUITSCAPE SCENARIO OUTPUT PER
SPECIES

Two-striped gartersnakdtfamnophis hammondii)
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Figure B-1: Circuitscape scénario OUtput for Two-striped garter snake (a) Ghost ToWn (b) Wine
Country (c) Satellite City (d) Nature Preserve
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Figure B-2: Pairwiseresistance values and location of interest pointsfor the Two-striped

gartersnake.
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Pronghorn antelopé\tilocapra americana)
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Figure B-3: Circuitscape scenario output for Pronghorn antelope (a) Ghost Town (b) Wine
Country (c) Satellite City (d) Nature Preserve
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Figure B-4: Pairwise resistance values and location of interest points.
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San Joaguin Kit foxXMul pes macrotis mutica)
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Figure B-5: Circuitscape scenario output for San Joaquin kit fox (a) Ghost Town (b) Wine

Country (c) Satellite City (d) Nature Preserve
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oCITY 0.023]0.016) 0.016| 0.018| 0.020] 0.025] 0.020] 0.017| 0.015] 0.019

Pairwise Interest Points

Figure B-6: Pairwiseresistance values and location of interest points.
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Blunt-nosed leopard lizardsémbelia sila)

(b)

Quantile Cuantike
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(d)

Ouartils Cuantile
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Figure B-7: Circuitscape scenario output for Blunt-nosed leopard lizard (a) Ghost Town (b)
Wine Country (c) Satellite City (d) Nature Preserve

Blunt-Nosed Leopard Lizard
B BASE | WINE B GHOST B PRESERVE gocITy
0.120
o
H 0.100 \
B 0.080 1
a
o 0.060 - b
2
s 0.040 A
[’}
. 0.020 -
]
3 0.000 -
1to2 1to3 1to4 2to3 2to 4 3to4

@ BASE 0.077 0.051 0.078 0.078 0.100 0.052

mWINE 0.032 0.041 0.067 0.038 0.063 0.051

B GHOST 0.058 0.047 0.073 0.058 0.084 0.050

@ PRESERVE 0.030 0.037 0.065 0.033 0.061 0.049

oCcITY 0.036 0.041 0.069 0.033 0.062 0.048

Pairwise Interest Points '

Figure B-8: Pairwise resistance values from Cir cuitscape scenario output.

B-IV



-0

Cuyama River Valley Crops
1977

Santa Barbara & San Luis Obispo Counties, C
T—— —=

A

= r——

Crops (1977)
W P1: Alfalfa & Alfalfa Mixtures
P1F: Alfalfa & Alfalfa Mixtures-Fallow
I D1: Apples
[ G1: Barley
[ T06: Carrots
[I s1: Farmsteads
| G-F: Grain & Hay Crops-Fallow
[ T08: Lettuce
G6: Miscellaneous and Mixed Hay and Grain
[ G3: Oats
[71T10: Onions & Garlic
8 P-F: Pasture-Fallow

[0 G2: Wheat
N
0 1 2 3 4

Crop Data Source: California Department of Water Resources|

Image Data Source: USGS

Figure C-1: Cuyama Valley crop typesin 1977
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Cuyama River Valley Crops
1985
Santa Barbara & San Luis Obispo Counties, CA

ey ¥

Crops (1985)

[-*_JD1-A: Abandoned Apple Orchard
B P1: Alfalfa & Alfalfa Mixtures
I D1: Apples

[]T01: Artichokes

[ G1: Barley

I T22: Broceoli

£7¥5 T19: Bushberries

arrots

rain & Hay Crops-Fallow
ineyards

[ 7~/ T-18: Miscellaneous Truck

[ P3: Mixed Pasture

[ T10: Onions & Garlic

{77 P-F: Pasture-Fallow

[/ D14: Pistachios

[ I T-F: Truck, Nursery & Berry Crops-Fallow

[0 G2: Wheat
N
[ 1 2 3 4
Crop Data Source: California Department of Water Resources|

t Image Data Source: USGS

Figure C-2: Cuyama Valley cropsin 1985
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Cuyama River Valley Crops
1996

Santa Barbara & San Luis Obispo Counties, CA

AT i=——— F-‘l—;

i

S

2

Crops (1996)

I P1: Alfalfa & Alfalfa Mixtures

I DO 1: Apples

[ G1: Barley

TO3: Beans (Green)

[ T22: Broceoli

I T06: Carrots

[0 T07: Celery

D-Y: Deciduous Fruits & Nuts-Young Non Bearing
{71G-F: Grain & Hay Crops-Fallow

I V: Vineyard

T09: Melons, Squash, and Cucumbers (all types)
P3: Mixed Pasture

[ G3: Oats

[-1T10: Onions & Garlic

[]D05: Peaches & Nectarines

[ T21: Peppers (Chili, Bell, etc.)

[ 1D14: Pistachios

[ T12: Potatoes

T-F: Truck, Nursery & Berry Crops-Fallow
D13: Walnuts

| Crop Data Source: California Department of Water Resources|

Image Data Source: USGS

Figure C-3: Cuyama Valley cropsin 1996




APPENDIX D: DATA SOURCESFOR FIGURES

Figure 1: Conceptual framework used as a projeideguModel was adapted from
Steinitz as cited in Ahern (2006)
- Adapted from Steinitz as cited in Ahern (2006)

Figure 2: Geologic formations found within the ComaaValley.

- National Resources Conservation Service, Soil SuUGeographic
(SSURGO) Database, Official Soil Series Descrifgi®oil Survey Staff,
Natural Resources Conservation Service, UniteeStaepartment of
Agriculture. Official Soil Series Descriptions.
[http://soils.usda.gov/technical/classification/isdex.html]

Figure 3: Location of the Cuyama Valley in the Gah€oast of California.
- California Spatial Information Library [http://c&sicdavis.edu/casil]
« National Hydrography Dataset [http://nhd.usgs.gov]
- USGS National Map Seamless Server [http://seanigegs.gov/index.php]

Figure 4: Land ownership the Cuyama Valley.
+ The Nature Conservancy

Figure 5: Current distribution of agricultural ceom the Cuyama Valley.
« Santa Barbara Agricultural Commissioner Pesticide Data
[http://www.countyofsb.org/agcomm/data.asp]
« San Luis Obispo County Agriculture Commissionertieele Permit Data
[http://www.slocounty.ca.gov/Page73.aspx]

Figure 6: Location of the five active gravel mingeoations in the Cuyama Valley.

- California Spatial Information Library

« Caltrans Office of GIS
[http://lwww.dot.ca.gov/hg/tsip/gis/datalibrary/gagdlibrary.html]

« National Hydrography Dataset

« US Department of Interior Bureau of Land Manageme@alifornia State
Office

« USGS National Map Seamless Server

Figure 7: 2002 Aerial image of in-stream miningagfyregate in the Cuyama River.
« Map and Imagery Laboratory, Davidson Library, Umsiy of California,
Santa Barbara
0 napp-3c_12451-161 2002
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Figure 8: Location of oil fields in the Cuyama \é&ll
« BASINS
« California Spatial Information Library
- National Hydrography Dataset
« US Department of Interior Bureau of Land Manageme@alifornia State
Office
« USGS National Map Seamless Server

Figure 9: Approximate locations of the nine pasqaloposed for oil auction in the

Cuyama Valley based on location data provided byBtureau of Land Management

(2006).
« California Spatial Information Library

« National Hydrography Dataset

+ US Department of Interior Bureau of Land Manageme@alifornia State
Office

+ US Department of the Interior Bureau of Land Mamaget. 2006.
Environmental Assessment (EA) for Leasing Certarc@ls within the
Bakersfield Office for the June 14, 2006 Oil andsGaase Sale.
[http://www.lpfw.org/docs/Oil/BLM/0606ea.pdf]

+ USGS National Map Seamless Server

Figure 10: Proposed renewable energy resourcea@weint sites in Santa Barbara
and San Luis Obispo Counties. Yellow squares @ee thermal generating facilities,
purple polygons are wind generation sites and thergcircle indicates a biomass
project. Light grey regions define CREZ locatiadentified in the RETI resource
assessment.

+ Black & Veatch Corporation. Renewable Energy Trassmn Initiative
(RETI) Phase 1B — Resource Report.
[http://lwww.energy.ca.gov/reti/documents/2008-08-
16_PHASE_1B_DRAFT_RESOURCE_REPORT.PDF]

Figure 11: Location of the Cuyama Groundwater Bésgyht blue) and major
tributaries

- California Spatial Information Library

« California Department of Water Resources

« USGS National Map Seamless Server

Figure 12: Depth to groundwater data in feet bdkvad surface for the 17 active
groundwater monitoring wells in the Cuyama Valley.
- National Hydrography Dataset
« USGS National Water Information System
[http://Inwis.waterdata.usgs.gov/ca/nwis/gwlevelafse criteria=huc_cd&se
arch_criteria=obs_count_nu&submitted_form=introdudt
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Figure 13: This well, located in the southeasteamipn of the groundwater basin, has
experienced a 302 ft. drop in groundwater leveksr dlre past 60 years.
« USGS Water Information System

Figure 14: A drop of approximately 355 feet hasuwseed in this monitoring well
located in the southeastern part of the basin.
« USGS Water Information System

Figure 15: Groundwater level data for a well lechhear the intersection of Branch
Canyon Creek and the Cuyama River.
« USGS Water Information System

Figure 16: Depiction of the distribution of soilh&re the USGS groundwater
monitoring wells are located. Geologic formati@scdriptions are available in
Appendix B.

« USGS Water Information System

Figure 17: Data for a groundwater well near VenpacoThis well does not
experience a significant trend of decline due tmugdwater recharge.
« USGS Water Information System

Figure 18: lllustration of potential connectivitpghways in the Cuyama Valley.
- California Spatial Information Library
« National Hydrography Dataset
« USGS National Map Seamless Server
+ The Nature Conservancy

Figure 20: Locations of bridge underpasses crifmaspecies movement. Yellow
areas represent the top 10% of conductance values.
+ Caltrans Office of GIS

Figure 21: Extent of river where phreatophitic (grabving) vegetation historically
occurred.

« National Hydrography Dataset

+ US Department of the Interior Bureau of Land Mamaget

+ USGS National Map Seamless Server

Figure 22: lllustration of the qualitative comparisof the riparian vegetation.
- Map and Imagery Laboratory, Davidson Library, UCSB
0 napp-3c_12451-101 2002
0 napp_1892-61_1989
0 usda-40-060790-bw_278-116_1978
0 c¢-5140_6_1938
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« National Agriculture Imagery Program [http://16512201.14/NAIP.html]
0 2005 1 meter mosaic data for Santa Barbara County

Figure 23: Placement of transects in 1938 aeriabgerfor riparian analysis.
« Map and Imagery Laboratory, Davidson Library, UCSB
0 c-5140 7_1938

Figure 31: The portion of the valley analyzed foersario connectivity.
- BASINS
+ Caltrans Office of GIS
« Landscape Fire and Resource Management Planning Pogject
(LANDFIRE)
[http://lwww.landfire.gov/index.php]
- National Hydrography Dataset
« US Department of the Interior Bureau of Land Mamaget — California State
Office
Figure 33: Pairwise Resistance Values and Locatidnterest Points for Modeled
Species Across Scenarios
- BASINS

Figure A-1: Water Gauging Station Locations if heyama River Watershed
« USGS Water Information System

Figure B-2: Pairwise Resistance Values and Locaifdnterest Points for Two-
striped Gartersnake
- BASINS

Figure B-4: Pairwise Resistance Values and Locaifdnterest Points for Pronghorn
Antelope
- BASINS

Figure B-6: Pairwise Resistance Values and Locaifdnterest Points for San
Joaquin Kit Fox
- BASINS

Figure B-6: Pairwise Resistance Values and Locaifdnterest Points for Blunt-
nosed Leopard Lizard
- BASINS

Figure C-1. Cuyama Valley Crops in 1977
» California Department of Water Resources Land Us@&S, Quads 57-39 and
57-40
« Map and Imagery Laboratory, Davidson Library, Umsiy of California,
Santa Barbara
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Figure C-2: Cuyama Valley Crops in 1985
» California Department of Water Resources Land Us@S, Quads 57-39 and
57-40
« Map and Imagery Laboratory, Davidson Library, Umsiy of California,
Santa Barbara

Figure C-3: Cuyama Valley Crops in 1996
« California Department of Water Resources Land Us@&S, Quads 57-39 and
57-40
« Map and Imagery Laboratory, Davidson Library, Umsiy of California,
Santa Barbara
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APPENDIX E: AERIAL IMAGESFOR RIPARIAN ANALYSIS

2005 mosaic data for Santa Barbara County wasraatdrom the National
Agriculture Imagery Program with the US Departmainfgriculture.
[http://165.221.201.14/NAIP.html]

The images were courtesy of the Map and Imagerptaabry, Davidson
Library,UCSB. Images are for educational and redepurposes only.

Flight Frame Y ear Flight Frame Y ear
c-5140 2 1938 napp 1882-33 1989
c-5140 3 1938 napp 1883-60 1989
c-5140 4 1938 napp 1883-62 1989
c-5140 5 1938 napp 1883-64 1989
c-5140 6 1938 napp 1883-98 1989
c-5140 7 1938 napp 1884-191 1989
c-5140 10 1938 napp 1892-122 1989
usda-40-06083-cir 178-181 1978 napp 1892-12p 198
usda-40-06083-cir 178-203 1978 napp 1892-13p 198
usda-40-06083-cir 178-205 1978 napp 1892-13p 198
usda-40-06079-bw 278-116 197§ napp 1892-61 198
usda-40-06083-cir 278-118 1978 napp 1892-89 198
usda-40-06083-cir 278-120 1978 napp 1892-96 198
usda-40-06083-cir 278-122 1978 napp-3c 12442-130 0220
usda-40-06083-cir 278-146 1978 napp-3c 12442-132 0220
usda-40-06079-bw 278-148 1978 napp-3c 12442-173 2 200
usda-40-06083-cir 278-158 1978 napp-3c 12442-2p 2200
usda-40-06083-cir 278-256 1978 napp-3c 12442-270 0220
usda-40-06079-cir 278-59 1978 napp-3c 12442-242 2200
usda-40-06079-cir 278-61 1978 napp-3c 12442-244 2200
usda-40-06079-cir 278-63 1978 napp-3c 12442-3% 200
usda-40-06079-cir 278-87 1978 napp-3c 12451-1(1 2200
usda-40-06083-cir 278-89 1978 napp-3c 12451-141 2200
usda-40-06083-cir 278-94 1978 napp-3c 12451-141 2200
usda-40-06083-cir 278-96 1978 napp-3c 12451-230 2200
napp 1877-84 1989 napp-3c 12451-30 2002
napp 1877-91 1989 napp-3c 12451-56 2002
napp 1879-130 1989 napp-3c 12454-1( 2002
napp 1881-195 1989 napp-3c 12455-120 2002
napp 1881-197 1989 napp-3c 12466-44 2007
napp 1881-61 1989 napp-3c 12466-47] 2002
napp 1881-92 1989 napp-3c 12466-48 2002




