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Chapter 1. ExecutiveSummary

The Central Valley Project Improvement Act (CVPIA) of 1992 authorized the Federal
government to retire drainagepaired lands by purchasing them from willing seli@$

Congress 1992)Retiredlandshave beemegored with native plant communities to enhance
wildlife resources. The Land Retirement Demonstration Project (LRDP), through the guidance
and management of the Bureau of Land Management (Bai) cooperation with Bureau of
Reclamation (USBR) and Fish akdldlife Service (FWS)gvaluated revegetation strategies to
determine effective methods for restoring retired agricultural lands within the Atwell Water
District.

Significant challenges to successful restoration incdude

1 Limited existing reference sg&o guide restoration efforts

1 Altered hydrology

1 Effects of past agricultural activities (e.g., depleted native seed bank)

1 Competitive pressure from ngrative invasive species due to large amount of weed seed
in seed bank

Low mean annual precipitation drextremely variable precipitation patterns

Constraining site conditions such as variable soil salinity, highly motile silty soils, fine
sand inclusions and low topographic variability

From 2000 to 2009, BLM planted 67 restoration sites for a total of 8 &%. Currently 400

= =

acres are being planted each year. Monitoring in the spring of 2010 showed the restoration sites

with an average native plant cover of 35.1%; exceeding the 15% native cover performance
criterion. Of the 65 sites for which both mtmring and planting data are available, ten sites
(15.4%) met the total native cover criterion, but not the shrub cover criterion; five sites (7.7%)
met the shrub cover criterion, but not the total native cover criterion; 46 sites (70.8%) met both
performance criteria and only four sites (6.2%) met neither criterion.

The following are the most important recommendations for successful rest@fidain the
Tulare Basin:

1 Fresh locally collected seed is important to restoration success

1 Moderate to high saling rates (25 pounds per acre or more) should be used. Use
enough seed so the native plants you are planting will dominate the site and suppress the
weed species

1 Develop planting designs based on soil type
Plant in fall prior to first heavy late fallains

Use standard agricultural site preparation and planting techniquése fdllowing
sequences have yielded thestrestorationsuccess:

o Fallow fields areburned and planted with a rang#ill

0 Agricultural fields aredisked several times anglanted with the Trillion
broadcastseeder.
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1 Irrigate the restoration planting only if the rainfall totals for the year are more than 20%
below average. Irrigation may help the native plantings, but it will also encourage the

weed species.
1 Use existing local referee sites to define success criteria for restoration.
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Chapter 2. Introduction

Successfuhabitatrestoratiomecessitates the establishmenself-sustaining, native plant
communities with desirable values for wildlife habitat, site stabilization ared \seppression.

The landn theAtwell Island Restoration ProjectAtwell Island Restoration Prdggeted for
retirementand habitat restoratigoresent significant restoration challengéisis document

presents a summary of the restoration activities 2000 to 2010 at th&twell Island

Restoration Projeatear Alpaugh, Tulare County, California. In addition to describing

completed restoration activities, we present the results of monitoring activities and conclude with
recommendations for futurest@ration efforts. For abbreviations and acronyms see Appendix 1.

Atwell Island Restoration Projedilanagement Goaland Objectives

The primaryfocusoBur eau of L an LMY atwed IglandnRestdaraiican Project
(Project) is to restore margin@rmland to native upland habitat. As BLiMsstrived to
increase thacreage of restored habijtatable methods for upland habitat restorati@vebeen
developed and showcased in a way that creates a model for future restoration Ipotiects
and of the site

BLM has bur primarygoals for upland habitat restoration at Atevell Island Restoration
Project

1. Restore lands with potential for native forb and grass dominance to a minimum of 15%
native grass and forb cover

2. Reestablish native shrub aomunities
3. Restore a functioning, sustainable ecosystem supporting native wildlife species

4. Restore 300 or more acres (122 ha) per year using suitable species assemblages for each
soil type

Wetland and riparian habitats at the BlAfvell Island Restor&n Projectarevery limited in

area, but are important components of the project. The focus Bfithe | wetlandiestoration
andmanagement is to restore habitats used by migratory and breeding birds anestgtersial

species. The goals of tReoe c rigarg&an restoration and management are to recreate riparian
zones along canals, create riparian vegetation near wetlands and sloughs and to increase diversity
of vegetation.

When these goals are met, fject will meet the desired future habitanditions with 70%

of the Project acreage in restored uplands, 5% in wiltiéadly farming, 5% in wetlands and
riparian areas and 20% in potential flecaintrol/management areddanagement goals and
objectives, as with any etfie-ground project, mabe alterecasadaptive management is applied.
Upland and wetland habitat resation will benefit native species, including spe€stdtus

species, while providing environmental and economic sustainabilistlands and canals on the
Project contributéo the chain of wetlands from Pixley National Wildlife Refuge (NWR) to Kern
NWR.
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Program Background

Agriculture has beensignificantfeature of thecentral California landscape for over 150 years.

To meet growing water demands, the federal governowrdtructed the Central Valley Project
(CVP), andbegardelivery ofnorthern California water to more than 1,000,000 acres on the west
side of the southern San Joaquin Valley in 19
reached the crop root zoregpillary action carried water close to the soil surface, where it left a
salt residueCrop production declined asebalt content of soil and irrigation water increased.

To combat this problenconstruction othe San Luis Drain was authorized to tfenslrainage

water to the Sacrament®an Joaquin Delta. By 19,Ahe US Bureau of Reclamation (USBR)

had completed 85 miles of the m&an Luis Drairand 120 miles (193 km) of collector drains.
Kesterson Reservoir was the target area for the first iabsain water disposal. Within a few
years deformities and deaths of aquatic birds due to selenium poisoning were discavied

site Kesterson Reservoiragclosed in 1983 and the drain system was abandoned.

In 1990, a joint federal and stdbeainage Rport (JSDI 1990 concluded that an estimated

460,000 to 554,000 acres (187,755 to 226,122 ha) of irrigated agricultural land might be
abandoned by landowners by 2040 if no further action was taken to control drainage problems.
In the Tulare Basirthe report recommended selective retirement of 75,000 acres (30,642 ha)
marginal irrigated farmlandsharacterized by low productivity, poor drainage and high selenium
concentrations in the shallow groundwater.1992, inresponse to the Drainage Repor

Congress enacted the Central Valley Project Improvement Act (CVPIA) as Public Leb7302

Title XXXIV. CVPIA goals were to reduce agricultural drainage, enhance fish and wildlife
resources and acquire water for CVPIA purposes, as outlined in Se¢fiaroBthe Act (U.S.
Congress, 102 Session, October 30, 1992). Under this legislatiestoration and mitigation of
fish and wildlife in Californiads Central Val
domestic uses. This legislation also auitexd a Land Retirement Program (LRP), (Section
3408(h)) to take land permanently out of irrigated agricultural production. The LRP authorized
the purchase of land, water and other property interests from willing sellers on lands that have a
CVP water allgation.

USBR, in partnership with the US Fish and Wildlife Service (FWS) andlih, formed the
CVPIA Interagency Land Retirement Team (LRT). The L&ithorizeda 15,006acre (6,122
ha) project at two sites in drainagepaired basins: Tranquility inrfEsno County and Atwell
Island in Kings and Tulare counties. In 2001, BLM began restoring the-&@6(B,265 ha)
Atwell Island Restoration Projeutith native shrubs, grasses and forbs. As irrigatiorbbas
reducedbn the Project site, the amountagfricultural drainage hadsobeen reducednd the
depth to the shallow perched saline groundwater taeddencreased. The restored agricultural
lands provide upland habitat, in conjunction with wetland habitats, for declining wildlife
populations andpecialstatusspecies. The Project contributes to larger, landscape scale
conservation goals faronnectivity via wildlife corridors and integration of project land with
surrounding protected lands. The Project lies between Pixley NWR and Kern NW& and
adjacent to other existing native habitats (sgnd Ridge and Allensworth Ecological Reserve)
(Figure 2.1)
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Figure 21: Atwell Island Restoratioand the surrounding protected lands.
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Chapter 3. Project Area Background Information

The Atwell Island Restoration Projetd located in the Tulare Basin in the southern third of
Cal i for ni ao sinsQéwesteraTulary andl dowheastern Kings counties, one mile
(1.6 km) south of the town of AlpaudRigure 31). The Project is named fortvell Island, the
sandy ridge that separated historic Tulare Lake from historic Ton TachgHRigkee 32).

Tulare Lakefed by theKings, Kaweah, Kern and Tule rivers, once averaged approximately 800
square mile$2,072 knd) in surface area, with a mawum depth of 30 feet (9.1 m). skecently

as 100 years ago, it was the largest freshwater lake west of the MississippiRineFache

Lake was a continuous shallow tufgchoenoplectus acutuar occidentali$ marsh that lay
between present day Alpaughd Allensworth, and was fed by Deer Creek, White River and
Poso CreekThe highest portion of Atwell Island was never submerged, even duajgy

flood events.

Atwell Island Area History

Tulare Lake and Ton Tache Lake i Early Accounts

In the Atwell Island aregprehistoric Clovis points are among the Native American artifacts
foundthatattest to 11,000 to 14,000 years of continuous human occupatfilkg 1991)

By AD 400, Yokuts occupied nearly all of the San Joaquin Valley and adjacent foatills
moved between several villages throughout the year as different resources became available
(Preston 1981)The Yokutcommunitiesvere highly mobile since the lakeshore fluctuated
frequently due to the shallow lake depth and flat grownads couldoccasionallyshift the
shorelineby up to a mile. Most settlements around the lake were established on small rises
to protect them from flooding, and near sloughs where ready supplies of water and more
food resources were available. TYekutseconomy wadaseduponthe tule marshes along

the river where tulegrew 20 feet (6 m) higlwith stems 23 inches (88 cm) in diameter
(Mayfield 1929) In the 1850s, many of the Yokuts were forced onto the rasens

(Hurtado 1988)The Yokuts population decreasdramatically from the late $&entury to

the early 28 century(Preston 1981) By 1910 approximately-5% of the original Indian
populationremained Kroeber 1951)

History of Farming Activities

Tulare Lake wasitthe center of the first economactivity in the region. In 1880, people

reported catchinghreefoot-long (1 m) troutin the lake weighing over 20 pounds (9 kg)

(Latta 1999) Commercial fishermen laid huge nets that brought in over 3,000 pounds (908
1,362 kg) of fish at one time. Wesn pond turtlesGlemmysnarmoratg were caughin

large numbergo meet the demand in San Francisco restaurants. Other successful businesses
includedtransportingsupplies to lakeshomesidentsand recreational sailingMitchell

1949)
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Figure 31: Location of Atwell Island Restoration Project
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Figure 32: Location of the Atwell Island Restoration Project in relation to Tulare Lake and historic Tulare Basin
wetlands.
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Irrigated agriculture in the lake bottom began as early as 1873. Farmed foait

floodwaters to recede, then liudvees and cultivated the rieliuvial soils. Historical

records show that the lake was constantly above thé 200t | e v e | unt il 1880
Observations of a shrinking lake were recorded as early as 1883, aakiethe=ht dry for

the firsttime in 1900By t h e lHe2vér vater thad prdviously fed Tulare Laked

beendiverted for agriculturéHendrixova 1993)

Early 20" centurycrop production focused on corBudan grass, sugar beets and squash
(Holton 1915) By the 1950s and 1960spttondominated the landscapentilthel 9 9 0 0 s
when foreign competition maam®tton farmingunprofitable. Cotton is an intensively
managed crop requiring extensive soil preparation, herbicide and pesticide applications
defoliant spraying prior to harvesting, ptsirvest tillage and-8 acrefeet of irrigation

water annually.With the first farmerd\lfalfa was an important croout became dominant
as dairies movethto Tulare CountyMitchell 2006) Dairiesfirst agpearedn the Alpaugh
area withfounding ofthe Sevilla Colonycirca 1890and the colony thendezame the largest
dairy in the statéMitchell pers.com.2007) Trees and orchards were gobwn in the area
becaus®ncetheir roots came in contact withe shallow salingperched water tahléhe

trees died

When Alpaugh was founded in 19@6water system was not established. The first wells
drilled in the early 1900s were artesian wells. In 19& Alpaugh Irrigation District (AID)
was formed undethe Wright Act. Like other water districts the region AID faced
bankruptcy several times over the years. The Atwell Island Water District (AIWD) was
formed in 1977 in order to connect to the proposed Cross Valley,Gémnahwould have

run betweenhe Friant Kern Canal and the California Aqueduct,sbobnnectiowas
ultimatelynever built. AIWD purchased Class | CVP water until it sold that allocation to
the Hill Valley WD, butAIWD is still a contractor to receive Class Il CVP water when it is
available(Mitchell pers. com. 2007)

Because the Project lafids alongthe historic Tulare Lake shor@here areas flooded and
evaporated over thousands of yeamsls are naturally alkaline. Over the past 100 years,
farmland reclamation methods weezmployed including applications of soil amendments,
deep tillage and leaching. To address the proltetrthe perched water tabt&aused to
agricultural production, subsurface tdeain systems were installed in some fields on the
western half of th@roject to reducevaterlevels. Drain water was historically evaporated or
blended and reused for irrigation. These subsutfkcdrainsystems have not been
operatedsince 2000

Recent Atwell Island Land Use

The Atwell Island Restoration Projetandswereacquired byBLM andconsisted mostly of
laserleveled agricultural fields. One exceptisra 36Gacre (146 ha) parcel with native
habitatthat hadneverbeencultivated or leveled. Another,d00 acres (405 ha) on the
western side of the Projedtetween Poso Canal and Dairy Avenhas now beeout of
agricultural production foBO yearsand was never levelebdut for several years was
cultivated with grain cropdJSDI 1999)

In 2000, when the USBR and BLM began to acquire fandhe Project4,040 acres (1,649
ha) were being farmed and irrigat@eigure 33). More than half (63%) of thisrigated
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land has been retiremlerthe past 13 year3oday, approximately 1,485 acres (606 ha) is
being farmed, primarily with alfalfa (1,295 acré29ha) and oatsAvena sativa(190
acres 78 ha). Restoratioactivities have exceeded the 300 acre per year goal and are
currentlyproceeding at approximately 400 acres (163 ha) per year.

The historic cropping pattern in the Project area involved theuptimh of various field and
row crops. Cotton wasncethe major cropwith other fields planted to alfalfa, oats, wheat
and safflower however otton has not been grown on site since the Project began in 2000.
Currently, cops grown on the Project incla alfalfa, oats, and a small amount of safflower.

Alfalfa is a perennial cropvhich is reseeded everghree to five years. Monthly aerial

pesticide applications are made for butterfly and moth larvae from June through September,
and there is a pestd® application in January to control alfalfa weeWlfalfa requiress-6
acrefeetof irrigationper year. Oatare an annual crop thatsseded in November or
December, and in wet years can be grown without irrigation. In dry years, one or two
irrigations are requiredOats ardharvested in May, the stubble is rougjsked in June, and

the soil lays bare for five months until November. No herbicide or pesticide applications are
required on oats. Safflower is an annual agogwn on the Project.i€lds are prarrigated

in January, seeded in February, and harvested in July or August. Irrigation reefiires 1
acrefeet per year. Thsafflowerstubble is left until late fall when it is incorporated through
tillage.

]
Legend
|:| Project boundary

—FEATURE
—=—— COUNTY

[ ] sections n

Vegetation Status as of 2000

22 23 =

- Fallow 20 years
Fallow 5 years = B 2 2

- Famed

Former Evap Pond B

Mitchell Pond

L 0 035 05 1 5 2 Mik
MNative I TN .
|
1

Figure 33. Atwell Island Restorgon Projecland-use patterns at project initiation in 2000.
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Project Site Characteristics

The Atwell Island Restoration Proje® located in the center of tAailare Basin This region
has a Mediterranean climate with annual precipitation of 7 inoka&s/glassifying it as a desert.
In addition to the climate constraints, there are numerous other environmentaltigutaisof
arid ecologicategions- including geology, hydrology, soils and invasive plant spécidst
provide several challenges the restoration practitioner.

Climate

The Meditteranean climate of the Atwell Island reg®oharacterized by low rainfall

falling primarily between November and Apribng hot summers with high temperatures in
the 90s and 100and cool winters often with persistent tule fog and sometimes otk
temperaturebelow freezing. Weather data for the area comes from a variety of sources. In
Alpaugh, resident George Pryse collected rainfall data from 1953 to 1990. Precipitation,
temperature, and wil data have been collected at the National Weather Service station #42,
located near Wasco, approximately 20 m{&2 km) southeast of the Project from 1948 to

the present. Weather data was collected at Angiola, approximately six miles north of
Alpaugh,from 1948 to 1980. In July 2008 California Irrigation Management Information
System(CIMIS) weather station was established on the Project near the Mitchell Farm
Headquarters (USDI 2005). The data from the Wasco and Angiola stations are available on
the Western Region Climate Information website at http://www.wrcc.dri.edu

Analysis of the 62 years worth of available weather data for the Project shows that the
average rainfall for the aréa 727 incheswith an alttime high of 17.53 inches in 1298
and an altime low of 2.36 in 200®7. (Figure 34) As is typical in California, th€roject
has more years with below average rainfall than above, @itle&rs (8%) below average
and26 years (2%) above average. Precipitation has been belovagedorsix of the 10
years of the Project (20@o 2010), near normal in two years, and above normal in two
years

In addition to overall low precipitation levels, the rainfall pattern over the rainy season is
unpredictable, with even the wettest ydaagsing dry periods of a month or more. Annual
rainfall patterns show that January is the wettest month, followed in descending order by
February, March, December, November, April, October, May, and September. June, July
and August average less than Oiri¢hes of rainfall, and July is the driest month (Figure 3
5).

The average yearly temperature at the Project CIMIS stétistalled in 2006)s 61.F F
(16.2 C). In January, the average high temperature is $8(24.6 C) and the average low
is 290°F (-1.7° C). In July, the average high temperature is 98.(86.7 C) and the
average low is 61°F (16.6 C). The area has an extremely high evapotranspiration (ET)
deficit. Over the past three years ET hasraged 59.7 inches (151.6 cm) while
precipitation has averaged 3.42 inches (8.7 cm).
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Figure 35. Atwell Island average monthly rainfall

From a restoration standpoithe variations in temperatuos the Pragctdo not appear to

be as critical to successful plant establishment as annual variations in precipitation. The
relative small amount afinfall received requires the selection of native species that are
extremely tolerant of variable, lemoisture condions
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Geology

TheAtwell Island Restoration Projed situated in the Tulare Basion the souteastern

margin of the Tulare Lake bethe dominant geologic feature in the region (Fige+3.

The Tehachapi Mountains form the southern Tulare Basindasynwhile coalescing

alluvial fans from Los Gatos Creek and the Kings River form the northern boundary. The
Basinis a subsidence basin characterized by a broad structural trough on its west and south
sides. Lakebed and marsh deposits in excess of 3{@&&0(1,088 m) underlay the site and

are derived from the Coast Ranges and the Sierra Nevada sediments, primarily of clay and
silt, with some sandPage 1986) The historic lakebed dates back 2,000,p€8rsor more

and fluctuatediramaticallyin size once occupying most of the San Joaquin Valley. The
natural drainage in the Project is generally to the southeast with ground surface elevations
ranging from about 203 feet (63 m) above mean sea level (msl) in the southeast portion of
the site to about 21féet (67 m) above msl in the northwestern portion of the site. The
pronounced sand ridge, at 208 to 217 feet63n) elevation, traverses the center of the
Project site in a northeasterly to southwesterly orientation. It became an island during years
of abovenormal precipitation, and formed the southeastern shore of Tulare Lake and the
northwestern shore of Ton Tache Lake at lower lake levels.el€kation of themaximum

water levelof Tulare Lake in historic times was approximately 208 feet (638buye sea

level. At present, all the hydrologic influenom the Projecoriginatesin the Sierra Nevada

The Project area is underlain by Corcoran cdalgke bed deposit of fine textured, low
permeability clay ranging from 15 to 900 feet (5 to 272eipw the soil surface, dividing

the groundwater flow system into an upper seamfined aquifer and a lower confined
aquifer. The semtonfined aquifer in the Tulare Basin contains four distinct hydrogeologic
units: coast ranges alluvium, Sierran sdluhd basin deposits, and Tulare Lake bed
deposits in the center of the basin. These units all differ in texture, hydrologic properties
and oxidation state. The unique Sand Ridge on the site is-grimeed, windblown relict

sand dune deposit up 10 feet (33 m) in depth, derived from the former shoreline of the
Tulare Lake beduUSDI 1999)

Groundwater Resources

Depthto useablggroundwatein the Project area is extremely varialggndng at

approximately 200 feet (60 rbelow land surfacen wet yearsat the beginning of the

irrigation season, anat 400 feet (120 mipelow land surfacat the end of the growing

season in dry years. Wells are typically dug to 1,200 feet (363 m), with perforation between
800 to 1200 feet (242 to 363 m), aneenerdy produce between 200 and 400 gallons per
minute (7571,514 L mir*) (Smith 2001) Ground water quality and quantity are better as

one proceeds east and south on the Project. The northwestern portion of the project has no
reachable aquifers, as evideddy several dry wells recently drilled just north of the

western portion of the Project.

Perched Groundwater Levels

When water enters the upper aquifer faster than it percolates through the underlying
Corcoran clay, it forms a perched water table.sTacurs during flood events and when
multiple applications of irrigation water are mad&eas in the Tulare Basin withpeerched
water table within 5 feet (1.8 m) of the land surface expanded from 119,000 acres (48,571
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ha) in 1991 to 301,000 acres (1227 ha) in 1997. By ceasing irrigation, the primary source
of recharge to the shallow aquifer system is terminated and the water table declines (USDI
1999). The water table is generally nearest to the land surface in the northwest portion of
the Projectand becomedeeper to the southeast. Tgerchedyroundwater underlying the
Project site is moderately saline in nature and is a result of irrigation leaching the saline soll
profile (USDI 2005).

Retiring land from irrigated agriculture has proven sgstat lowering the perched water
table Where irrigation has ceaseébe shallow water table has declined in response. Project
seasonal high water levels measured during 2002 dropped to 7 to 8 féed(@pbelow

land surface, a decline of2feet(about 1 m). Irrigation of high water use crops such as
alfalfa is being phased out as restoration of native upland vegetation pro@usBes

2005).

Surface Water

Surface watercourses within the Project consist primarily of irrigation supply cadals an
irrigation return flow ditches. Shallow ephemeral surface water ponds may form-on low
lying portions of the site due to localized sheet flow-offrduring prolonged winter storm
events. The areas surrounding the Project site receive periodic uredguilaiter storm

flows from Deer Creek, Poso Creek, and White River. The central portion of the site (i.e.,
SandRidge) is not subject to loagerm flooding, due to its higher topographic position.
Although no flooding has been observed on the eastetiopof the site during this study,
these lands are subject to periodic flooding due to topography and proximity to Poso and
Deer CreekgUSDI 2005).

Soils

Soils are the basis fohe formation of plant communities argstoration activities.Soil

texture structure and chemistry dictates selection ofappropriateplant species for
restoration. Project soils range from fine, windblown sand to those with high clay content.
The majority of Project acreage consists primarily of silt and sandy loamsestefdares,
formed from alluvium derived from igneous and sedimentary rocks. Silty clay loam soils
are also present in the southeast portion of the site priiharyU.S. Department of
Agriculture soil mapping unitare Excelsior, Houser, and Letheimd sandy loams;

Lethent Nahrub, Posochanet, and Westcamp silt loams; Sandridge loamy fine sand;
Excelsiorsandy loam, and Westcamp lo@aSDI 2005 USDA 2002) Figure 36, Table3-

1).
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Figure 36. Atwell Island Restoration Project soil map.

The aridsoils on the west side of the Tulare Basin contain substantial amounts of naturally
occurring soluble salts. Additional buildup of salts in the soil from irrigated agriculture can
adversely affect plant productivity. Soil chemistry data from the Primdidate that the
surface soils (12 inch [0 to 30 cm] depth) are moderately to highly saline. Soil selenium
concentrations are relatively low for both soluble and total selefiilBDI 2005)

Moderate concentrations of boron have been detected Wikhifirst 12 inches (30 cm) from
the soil surface, but increase sharply below that depth3deét (0.61.0 m) depth reaching
concentrations that may be phytotoxic to most crop plants, especially cotton. Native species
chosen for restoratiomeed taolerateboth boron and soil salinity. A declining perched

water table in response to land retirement will lessen the likelihood of future salinization of
surface soils. Winter precipitation gradually leaches out excess salts in the-¢h 80

76 cm) a&tive root zone if the water table is lowered to more than 12 feet (JUS)I

2005).
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Table 3-1: Generalized series descriptions for primary soils within the Atwell Island Restoration Project area
(USDA 2002)

Soil Type Characteristics Acres Salinity | Permeability /Erosion Potential
in Ranges
Project | (dS mY)
Excelsior fine | Very deep, fine sandy 803 0-8 upper, 2 Well drained, moderately rapid
sandy loam loam alkaline soils. 16 lower permeability, very slow runoff, high
potential for wind erosion wen sparsely
vegetated.
Excelsior Very deep, sandy loam 48 0-8 Well drained, moderate to slow
sandy loam alkaline soils, well permeability
drained.
Houser fine | Fine sandy loam or silty] 58 > 16 Moderately drained.
sandy loam | clay; alkaline and sodic
Lethent fine Saline, alkaline, very 632 > 16 Moderately well drained, slow
sandy loam deep permeability.
Lethent silt Saline, alkaline, very 42 > 16 Moderately well drained, slow
loam deep permeability.
Nahrub silt Mixed alluvium from 3,445 1-16 upper, Somewhat poorly drained, very slow|
loam granitic rocks. Vey 8-30 lower permeability, slow surface runoff.
deep.
Posochanet Saline, alkaline, very 2,620 4-8 upper Moderately weHdrained, slow
silt loam deep. Silty clay loam & portion, 430 permeability, slow surface runoff.
silty clay. lower
Sandridge Loamy fine sand, loamy 325 Slightly acid Excessively drained soils formed in
loamy fine sand, or sand on basin to strongly | wind-blown deposits, very slow runoff
sand rim alkaline moderately rapid permeability.
Westcamp Saline, alkaline, very 720 2-16 Somewhat poorly drained, very slow
loam deep with perched wate| permeability
table
Westcamp silt|  Saline, alkaline, very 103 2-16 Somewhat poorly drained, very slow
loam deep with perched wate| permeability.
table

Invasive Species
Atwell Island Restoration Projecgstoratiorsites are formeagriculturalfields thatwere

farmed for 50 to 100 yeardVheneverfarming activities ceas@nnual weedgquickly
colonize the site during the next growing seas@feedsarea majorproblemfor restoration

efforts, andcan outcompete native plant species for water, nutrients and sunlight. Efforts

are being made to minimize the total, letegm weed control workload, to limit new
infestations and to contain the spread of fslavith expanding ranges.

Weed species that can immediately encroach upon restoration sites are:

1 annual broadleaf weeds.g., fivehook bassiaBassia hyssopifolla mustards
(Brassica spp.)non-nativeAtriplex spp and Russian thistl&S@lsola traguy

annual grassg®.g, Bromus, Avena, Phalaris and Vulpia spp.

1 perennial grass€g.g, Bermuda grassGynodon dactyloy)
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Weedspecies ardependent upon the previous field crop histokyfalfa fields are
colonized initially byBermudagrass and nenaive forbs (broadleaf herbs)Grain fields
typically are colonized byive-hook bassiand avariety of nonnative annual grassés.g,
red brome Bromusmadritensisssp.rubeng, ripgut brome Bromus diandrusand oats
(Avenaspp)). If native specieare not quicklyestablishd, these grassesanbecome
predominant

Herbaceous broadleahnuals such as/é-hook bassiandRussian thistlean form dense

stands on some siteSome of thesannualsgspecially Russian thistleecome

it umb | e w dreak sffifront thea base as they begin to senesce, and distribute their

seeds as they are blown across the landscBipese plants do not degrade easily and can
foomadense cover of stemsthatfi mhe ptbhberospegeas
germinaton.

Targeted Habitats

Prior toagriculture theupland portions othe Project would have consisted of habitat series

dominated by herbaceous plants and shrubs. When BLM acquired the Bitejeobst of the
areawaslaserleveled agricultural fieldsA few parcels were native lands that had never been
cultivated or leveledincluding a360-acreparcel(150 ha) in Section IFgure 33) known as the
APastur eo. Approxi mately 1, 00PojeatbatwveenPdsd 08 h a
Canal andDairy Avenue were enrolled in the Conservation Reserve Program irab@®ad

not been farmed for 20 years prior to acquisition by the Pr@jest 30 years) This area was
previouslycultivated with grain crops, but had not been leveled (USDI 1999).

TheP r o | lengitebmsmanagement gofar upland habitats, after establishment of native
vegetation on restoration sites, is to maintain ecosystem health, native grassland and shrub
communities, an open habitat structurequecialstatusspecies and stable vegetation structure
using low intensity management techniques.

Plant Communities at Atwell Island

In its current state, the lands at the Project are dominated by five upland habitat series, two
wetland habitat series, andieagricultural habitaseries. The five upland habitat series are

those described by Sawyer and Ke&Molf (1997) and currently utilized by California

Department ofish and Game for their Conceptual Area Project Plans and Tulare Basin Wildlife
Partners in the Sand Ridge Trdld_ake Conservation Plan (2006). The agricultural and wetland
series are those described by Holland (1986). Each of these habitats and their occurrence within
the project arshownon Figure 37.
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Figure 37. Existing habitats oAtwell Island Reatration Projectn 2010.

Upland Habitat Association
Upland habitats are currently composed of sikggufre 33) that:

T
T
T

Have never been farmed (approximately 360 acres; 150 ha)
Have not been farmed for 20 to 30 years (approximately 3,000 acres; 1,225 ha)

Have undergone restoration during the past eight years (approximately 3,088 acres;
980 ha)

Are currently being farmed (approximately 1,600 acres; 653 ha)
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Figure 38. Restoration sites, farmed areas, and fallow siteswall Island Restoration ProjeSummer 2010.
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The primary upland habitat series on the Project are described below. Scientific and
common names utilizei this reportare from the 199version ofThe JepsorManual
(Hickman 1993)

California Annual Grassland

This upland habitat coversuch of the unfarmednd unrestoredreasnthe Project. Its
condition varies from field to field, with sonields having a substantial proportion of

native vegetation, and others with almost no native vegetation. The dominant plants are a
mix of native and introduced annual grasses and herbs: ripgut bredt@ome Bromus
madritensisssp.rubeng, softchesgBromus hordeacelisslendemwild oat Avena barbaty

wild oats @vena fatug hairyrattail fescue ulpia myurosvar. hirsuta), California

goldfields (Lasthenia californic® broadleaf filare€Erodium botry}, California poppy
(Eschscholzia californigaand purpleo w |-ciower (Castilleja exserta Grasses are

typically less than 2 feet in height, and the canopy is continuous to open. aiestof this
series is difficult because of the higltompetitive abiliy of the nornative annual species.
The quality of degraded habitat in this series for targetate and federaHisted

Threatened and Endangered (T and E) wildlife recoveryspe@.: blunt-nosed leopard
lizard (Gambelia sil3, Tipton kangaroo rafdipodomys nitratoidessp.nitratoideg and San
Joaquin kit fox Yulpes macrotis mutighcan be improved by using a combination of proper
grazing and prescribed burning treatments.

Saltbush Scrub

Allscale Series

This series is an upland habitat on old beach and lake deposits, alluvial fans and rolling hills
where the soil is carbonateh or sandy. These sites are dominated by allséditgolex

polycarpg, bladderpodiéomeris aboreg, alkali goldenbushigocoma acradenijeand
saltgrassDistichlis spicata) Shrubs are less than 6 feet (2 m) in height and have a
continuous to open canopy. Stands of this series are located on the Project only where they
have been successfullyimgoduced. This habitat is relatively easily restored and restoration
techniques have been developed that succeed under most conditions. There is ample
opportunity for significant restoration of this habitat on the Project.

Quailbush Series

This seriess dominated by quailbusi({riplex lentiformig. There are a few existing stands
of this habitat on the Project. The canopy is less than 9 feet (3 m) in height and generally
found in small stands at the borders of managed fields and intermittentlydloediands,
usually in association with annual grasses andmnaive herbs. Restoration techniques for
this habitat type are well understood and the opportunities for restoration along the water
distribution channels in developed wetland areas are great.

Alkali Sink

Seepweed Series

This series is a wetland habitat that is intermittently flooded or saturated with saline water,
and is generally found on old lakebeds or playas. These habitat sites are dominated by bush
seepweed (Suaeda moquinii), alkalatre(Frankenia salina), alkali sacaton (Sporobolus
airoides), allscale,pny saltbush (Atriplex spiniferagnd iodinebush (Allenrolfea

occidentalis). Shrubs are less than 4.5 feet (1.5 m) in height and generally have an open
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canopy. Significant patches Seepweed are on the Project, and this habitat is relatively
easy to restore. Tipton kangaroo raisl California horned lizard®firynosoma coronatum
frontale) have colonized restoration sites having this habitat within a year of restoration
seeding. Mny opportunities for restoration of this habitat are located within the Project
area.

lodinebush Series

This wetland habitat is intermittently flooded or saturated with hgpéne water. It is

found in dry lakebeds, lake margins, hummocks and seg&pgeral existing stands of this

habitat remain on the Project. lodinebush, alkali heath, alkali sacaton, seepweed and
saltgrass dominate these sites. The shrubs are less than 4.5 feet (1.5 m) in height and have a
continuous to open canopy. Restoratiachteques for this habitat type are being developed

with some success. lodinebush appears to only reproduce when this habitat is flooded
duringthe appropriate season.

Active Agriculture

This habitat does not occur naturally, but consists of fields auiltivated agricultural crops,
such as irrigated alfalfa or dryland grain.

Fallow Agriculture

This habitat occurs on formerly cultivated, often lalseeled, agricultural fields that are
currently in a weedy fallowed condition. As fields are takerodproduction on the
Project, efforts are made to restore the land and not allow a field to fallow.

Existing Reference Sites

There are few places remaining in the Tulare Basin where the historic upland ecosystems are
intact and can be used as refereriss The best reference sites for the Atwell Island
Restoration Project are the following:

On-Site Project Areas

The 360acre (150 ha) pasture in Section 1 that has never been farmed. This site has areas of
California Annual Grassland Series, Allscalei€@eand Seepweed Series habit&igure

3.7).

Off-Site Project Areas

Center for Natur al Lands Management 6s ( CNLM)
Depart ment of Fish & Gamedbs All ensworth and
Pixley and KerrNational Wildlife Refuges. The same habitat series are found on these site

with the addition of fresh water wetlan@fSgure 39).

None of these sites, with the exception of the-86 pasturéocated within theAtwell
Island Restoration Projecire h an identical setting taestoratiorsitesonthe Project area.
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Figure 39. Atwell Island Restoration Project habitat reference sites.
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UPLAND RESTORATION IMPLEMENTATION
Chapter 4. Upland Restoration Implementation

Atwell Island Restoration Studies and Experimer{lanted2000
2003

Habitat Restoration Study (HRS) Plo{®lanted 2000, Monitored
Through 2009

This initial restorationstudywas implemented at Atwell Island by the California State University
Stanislaus Endangered Species Recovery Program (ESRP), in coopsititithe Land
Retirement Program. The experiment was designed to test the effects of seeding, micro
topographic reliesmall berms, approximately 18 inches in heigimyl a combination of the two
techniques Three 16€acre study blocks were establidiand wthin each blockherewere16
two-acre plots for a total of 48 study plotEhirty-six plots received one of three treatmen (
plotsfor eachtreatmentandthere werelso 12 control plotsTreatments were as follows

1 12 plots- seeded witimo berms (NR)

1 12 plots- seeded with berms (CR)

1 12 plots- not seeded with berms (CN)

1 12 plotsi control with no seed or berms (NN)

In order to isolate the study plots, buffers consisting of sterile barley were planted around the
plots. The seed plantedas commercially available and was purchased from S&S Seed
Company. Only two species were of San Joaquin Valley origirrethaining speciesere

from outside the Tulare Basiprimarily from Riverside CountyThe seeded plots were planted
using an impmter in December 2000 with a seeding rate of 16.6 poundg/bestacre). The
seeding mixwas

=

lodine bush Allenrolfea occidentalisi 2 Ibs/acre

Allscale Atriplex polycarpai 2 Ibs/acre

Spiny saltbushAtriplex spinifera i 1.5 lbs/acre

California braone Bromus carinatusi 3 Ibs/acre

Alkali heath Frankenia salinai 0.5 Ibs/acre

Alkali heliotrope Heliotropium curassavicupi 0.5 Ibs/acre
Spikeweed lemizonia pungens 0.1 lbs/acre
Goldenbushléocoma acradenia 1 Ibs/acre

Goldfields (asthenia chfornica) i 0.5 Ibs/acre

Creeping wildrye I(eymus triticoidelsi 2 Ibs/acre

Alkali sacaton $porobolus airoides 1 Ibs/acre

= =4 =4 4 A4 -4 -8 -2 -5 -2 -9

Bush seepweed(iaeda moquinjiii 0.5 lbs/acre
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1 Pacific fescue\ulpia microstachysi 2 Ibs/acre

Each pgot wasmonitored at 12 radomny chosenlocations using a Daubenmire frame each spring
from 2001 to 2002 by ESRP and 2003 to 2006 by BLM. The results of the ESRP monitoring are
presented in ESRP reports (Uptain et. al. 2002 and Uptain et. al. 2004). The results presented
this reportare from spring 2003 througipring2006.

In 2003 monitoring, fots on Blocks 2 and 3 had very little native vegetatidhere were a

shrubs established on anytbésestudy plots. The only deliberately planted native species found

was goldfietls (Lasthenia californic® which wasfound only at very low density (five of 16

plots in Block 2 and two of 16 plots in Block 3)\ative forbs that were not planted Ranc her 0s
fireweed Amsinkia menziegiand California mustardduillenia lasiophyllg, were recorded on

Block 3 in good numbers (16 of 16 plots and 15 of 16 plots respectively). In Bltlogse

species were also found, but in much reduced
and California mustard on two of 16 plot8locks2 and 3 were only monitored through 2003

because of the lack of response to restoration plantings.

In Block 1, nonitoring was continued on the plots through spring 2006. Several patterns
emerged from the monitoring datiost importantly native shruband forbs were only found
on the eight plotghat wereplantedand none were found on the eight control pldtkis
demonstrated hownly small amounts afative seed remained in the seed bank stwadvedthat
seedings necessary sitesareto be restred within a reasonable timeframe (Figur& dnd
Figure 42).

Atriplex polycarpa

Inker acion Effiects of Surface Treaiment X Year

CANOPY GOVER (%)

Figure 41. Example of a shrub, allscale (Atriplex polycarpa), found only on seeded plots (NR. & CR

CR is contoured and seeded, CN is contoured and not sé&esinot contoured and seeded and NN is control

and is not contoured or seeded. Letters a, b, ¢, and d refer to data that is not discussed in this report and should be
ignored.

24



Atwell Island Restoration Project Activities 2002010
UPLAND RESTORATION IMPLEMENTATION

Lasthenia calfomica
Infer acion Eflects of Surface Treaiment X Year

CANOPY COVER (%)

Figure 42. Example of a forb, California gifields (Lasthenia californica)found only on seeded plots (NR & CR).

CR is contoured and seeded, CN is contoured and not seeded, NR is not contoured and seeded and NN is control and
is not contoured or seeded. Letters a, b, ¢, and d refer to datartbaidiscussed in this report and should be

ignored.

Additional patterrs demonstratethat weed pressure and weed species differed from year to
year. In 2003, prickly lettucé.@ctuca serriola was fairly common, but was nearly absent from
the siteduring2004, only to return in higher densdyring 2005 and 2006 (Figure-3).
FurthermorelL.ondon rocket $isymbrium iriy was at very low density on the site from 2003 to
2005, but was the dominant plahiring2006 (Figure 44).

Lactuca sermioka
Inler acion Eflects of Surface Treaiment X Year

Figure 43. Yearly differences in prickly lettucégctuca serriola on HRS plots.

CR is contoured and seeded, CN is contoured and not seeded, NR is not contoured and seeded and NN is control and
is not contoured or seeded. Letters a, b, cdareder to data that is not discussed in this report and should be

ignored.
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Sisymbriumirio
InkeractionEflects of Surface Treaiment X Year

Figure 44. Yearly differences in London rock@&igymbrium iri) on HRS plots.

CR is contoured and seeded, CN is contoured and not seeded, NRdetoared and seeded and NN is control and
is not contoured or seeded. Letters a, b, ¢, and d refer to data that is not discussed in this report and should be
ignored.

Of the 13 species in the planting mdeven species (spiny saltbush, California rpatkali
heliotrope, goldenbush, creeping wildrye, alkali sacedod Pacific fescueyere not detected
during monitoring of the HRS plots. Creeping wildrye and alkali sacat@noccur in moister
areas in the Tulare Basin ameére not good choices ftine seedmix. Spiny saltbush and alkali
heliotrope often have low viability and are not easily reestablished. Gétegspecieghat
were not detecteanly goldenbush hasnceprovento be a useful restoration species in this
studyarea.

Six specis (iodine bush, allscale, alkali heath, spikeweed, goldfields and bush seepweed) of the
13 species planted on the pletsre detected on the HRS plahisring monitoring lodine bush

was found on only one of eight seeded plots, and was detecteduoinig (2004). Alkali heath

was detected on two of eight plots, asonly foundduring2004. Theemainingfour species
were more successfully established. California goldfields were found on four to six plots,
depending on the year (six plataring2003and 2006, five plotduring2004 and four plots
during2005). Spikeweed, another forb, was found on six plotsg 2005, two plotsluring

2003 and 2006 and was not found at all in 2004. Bush seepweed was found on from three to
eight plots, depending dhe year (three plotsuring 2006, six plotsluring2003, and eight plots
during 2004 and 2005)0Of the 13 species in the seeding ni¥{scale was the most consistent
species, and watetectedn seven of the eight plots each year.

An additionalfactorthis study testdwas the importance of micteontouring of a restoration

site prior to planting. Il n this study, dozen
created oreightplots There were no differences detected in native species estadtisbr

abundance on contoured sites vs.-oontoured sites.

26



Atwell Island Restoration Project Activities 2002010
UPLAND RESTORATION IMPLEMENTATION

This experimental study (HRS) was designed prior to gaining sufficient knowledge of the
ecological system through preliminary studies and exploratory data analysis, and therefore, the
guestons asked by the HRS study were not necessarily the most important questions to consider
when designing successful restoration projects. The main findings from the HRS project are:

1 Planting natives is necessary because there are little to no viablersgeaining in the
seed bank.

1 Small, 18inch micratopographic berms do not aid in restoratidrarger scale earth
moving where hummockare created three feet above grade and the depressions
created three feet below gradeay have positivenpacts orestélishment of some
native species

1 The seeding rate utilized may not have been high enough to get good establishment of
native species.

1 Heavy clay soils on the east side of the project provide very difficult conditions for
successfully restoring native veggon.

1 Sandy loam soils in the center of the project are the best soils for reestablishing native
species.

20007 2002 Plantings

During January 20Q1.60 acres of heavy clay soils (Nahrub silt loam) in Section 23 east of
the Alpaugh canal was planted wéh commercial seed mix. &lseed mix consisted di
speciesandwas planted using an imprinter and a Truax Range Drill at a rate of 11.8 pounds
per acre and includetie following species

Doveweedi 1.77 Ibs/acre
Alkali sacatoni 0.76 Ibs/acre
Alkali heathi 0.51 Ibs/acre
Spikeweed 0.76 Ibs/acre
Californiagoldfieldsi 0.38 Ibs/acre
Allscalei 2.28 Ibs/acre
Spinysaltbushi 2.28 Ibs/acre
Pacificfescue 0.76 Ibs/acre
Birds-eyegilia 1 0.76 lbs/acre
Bushseepweed 0.76 Ibs/acre
1 Goldenbush 0.76 Ibgacre

There was naoil preparation done on this site, and the seed was planted directly into the

dry nonnative grasses and forbs. Rainfall was slightly above average, with nearly 6 inches

in January and February. The site grew lush withmatives intuding red brome and sour

clover Melilotus indicgandnomp | ant ed native such as rancher
native vegetation germinated, and no shrubs became established on the site. Within a year,

the site was totally dominated by noatives ad it was impossible tdeterminethat the site

had been planteavith a seed mix

= =4 4 4 4 -8 -5 5 93 -2

27



Atwell Island Restoration Project Activities 2002010

UPLAND RESTORATION IMPLEMENTATION

Small Test Plots

During November 2001, BLM established an array of 56 plots of 1/100@cre (6ft 7in x
6ft 7in) in the southwest quarter of $iea 23. Seed from 28ifferentspecies of shrubs,
forbs and grasses were planted inghelyplots. Four types of site preparation were used:
(1) scraping the surfacé€?) disking to eight incheg3) harrowing to four inches ard) no
preparation.This study was conductechdeavy clay soils (Nahrub silt loam) in Section 23
east of Alpaugh Canal.

A standard seeding rate of 40 pounds/acre was used on the plots for each site preparation.
On the scraped area, in addition to the 40 pounds/acre seedirtgrestplots withdifferent

seeding rates were established: 10 pounds/@8rpounds/actend 160 pounds/acre. On

the disked area, plots with added nutrients were established. Bone meal was used to increase
soil phosphorus content and blood meal was used to increasérsgien content. Rates of

500 and 1,000 pounds/acre effectively doubled and tripled the available soil phosphorus and
nitrogen in the soil. An additional treatment of 500 pounds/acre of both blood and bone

meal was used.

The test plots were used ascaegning technique to look for broad effects and were the first
step of a tiered approacsearching for interesting trends and helping to focus future, more
in-depth, research. Shrub species planted included: bush seg@uaeda moquinii

(local); spiry saltbusHAtriplex spiniferg (local); alkali heatl{Frankenia saling (local and
commercial); iodine busfAllenrolfea occidentalis(commercial); goldenbugfisocoma
acradenig (local); quail bushAtriplex lentiformig (commercial) and allscal@triplex
polycarpg (commercial). Grass species planted included: alkali sa¢Sfmmnbolus

ariodeg (local and commercial); fellowered fescué€Vulpia microstachys(local and
commercial); slendehnair grass Deshampsiadanthonioidef(local); nodding neddgrass
(Nassella cernua (commercial); creeping wildryd_€ymus triticoides(commercial) and
Arizona brome Bromus arizonicus(commercial). Forb species planted included:
spikeweedHemizonia pungenglocal); alkali mallow Malvella leprosa (local); alkali
heliotrope Heliotropium curassavicujr(local); Jimson weed)atura wrightii) (local);
goldfields Casthenia californich (| ocal and commer Castillefa) ; pur p
exserta) (commercial); slendeleaf milkweed Asclepias fascicular)s(local); common
sunflower(Helianthus anaous) (local); California poppyEschschtzia californica
(commercial); gumplantGrindelia camporum (commercial); dove weedE(emocarpus
setigeru} (commercial); telegraph weeH¢terothreca grandiflorg (local); mwstang clover
(Lotus purshianus(commercial); sky lupineLupinus nanus(commercial); caterpillar
phacelia Phacelia tanacetifolin(commercial) and tomcat cloverFrifolium wildenovi)
(commercial).

The test plots were monitored on 7 January and 20 &eb2002. Rainfall for the Project

area during the winter 202002 was very low, with only 2.8 inches fallibgtween 13

November 2001 and 25 March 2002. No seedlings were found for any of the seven shrub
speciesluring the monitoring periodOf the sk grass species, none were found on January

7, 2002 OnFebruary20, 2002 a few seedlings of alkali sacaton, féfawered fescue, and
slenderhair grass were found. Thesgeciesvere found primarily in the disked area. Of

the 16 forb species, goldfidldou r pl e owl 6s cl over, California
caterpillar phaelia, and tomcat clover were found danuary7, 2002 Only goldfields and
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tomcat clover showed more than 10% covemgéanuary/, 2002. On February20, 2002,

only five species ofdrbs were found Goldfields and the caterpillar phacelia had the best
coverage, with over 20%. Spikewe@bppy,and tomcat clover seedlings were also found.
At this visit, the phacelia was beginning to die from lack of water and only the goldfields
appearedhealthy. The locally collected goldfieddeed did not germinate as well as the
commercial goldfield seed. However, he commercial goldfieklplants died without

blooming or setting seed, while the lopéntsbloomedand set seed. Broad trersf®wed

that higher seeding rates led to better germination and establishment. The 10 pound/acre
seeding had very few plantshile the higher seeding rates had many mdree phacelia

did best in the plowegdlots while the goldfield did best in the spedplots Very few

plants of any species were found in the untreated control indicating very poor germination
and survival of native plants in areas with heavy competition. There were no obvious trends
in the amended plots.

The plots were monitored aimon 28 January and 27 Februamythe spring 2003 on. This

was another dry year with only 2.24 inches of rainfall between November and February.
Again, no shrubs seedlings were detectedring the January check, seven species were
detected: spikewele(max 1% cover), alkali sacaton (max 2% cover), goldfields (max 10%
cover), Pacific fescue (max 10% cover), California poppy (max 1% cover), sky lupine (max
4% cover), caterpillar phacelia (max 90% cover) and tomcat clover (max 5% cBueing

the Febuary check, five species were detected: goldfields (max 15% cover), Pacific fescue
(max 3% cover), sky lupine (max 2% cover), caterpillar phacelia (max 95% cover) and
tomcat clover (max 3% cover). Plots that were seeded at higher density had more cover.
For example, the locally collected goldfields had 12% cover on the 160 Ibs/ac seeding, 8%
cover on the 80 Ibs seeding, 3% on the 40 Ibs seeding and <1% cover on the 10 Ibs seeding.

In subsequent years, only goldfields were detected on any of the plaislgmoh the plots

seeded with native seed. In spring 2010, no species that had been planted were detected and
it was not possible tdeterminea difference in vegetation between plots and unplanted

areas.

Alfalfa Study

In November 2003, an array of smstllidy plots was established in a field with Posochanet

silt loam soils that had been planted to alfalfa for several years. The objectives of this study
were to explore native species selection, planting methods and need for soil amendments on
recently réired alfalfa fields. Eight species were planted: allscale, spikeweed, alkali
goldenbush, goldfields, Sierra white layia, Great Valley phacelia, alkali sacaton, and
seepweed. Four planting methods were used: (1) afdeew plot drill, (2) herbicide

followed by Truax Flex Il range drill, (3) disked followed by Truax Flex Il range drill, and

(4) disked followed by Truax Trillion broadcast seeder. Two soil augmentations were used:
super treble phosphate fertilizer at 40 pounds per acre and HydraH@O® @Eaunds per

acre along with the 40 pound per acre application of phosphate. Plots with no soil
augmentation were also planted to act as a control. This design yielded a total of 1,024
plots.

All species with the exception of alkali sacaton becartebéshed on the plots. Disked
plots planted with the range drill or broadcast seeder, had clearly superior establishment of
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native plant species when comparededoitide applicationvith no tillage or deep furrows
plantings. Neitheof thesoil amendrants was shown to improve plaggtablishmentThe
annuals on these small plots wayeer time,dominatedby nonnative grassesHowever, it
was determined that plots seedie® wider alfalfa strips, as was dotiee next yeawest of
the BLM Project Hadquarters, did ndiecome dominated by naratives and have persisted
over time (Lair 2006).

Lessons Learned from Early Restoration Projects

Several important findings came from tedytrials and plantings conducted during the
first threeyears of theroject. Thesebservationfhaveprovided guidance and experience
in conductingrestoration work over the past eight yeaBome of the important
observations results are listed below

T

It is important to use locally collected native seed. Local genstgpeadapted to the
hot, dry climate of the Tulare Basin. The year to year variation in rainfall and the
intermittent nature of rainfall events, even in wet years, is a challenge that cannot be
overcome by seed from outside Théare Basin.

Most nativespecies are not suitable for use in restoration projects. Only a few species
can form sufficient cover in the first year after planting to compete wittnative weedy
species.

Site preparation and weed control are important steps in the restoratioegsoc
Planting native seedithoutproper site preparation can lead to project failure

Seeding rate is extremely important and the estiliglies anglantings, in an attempt to
save money, were planted with too little seed.

After many years of farming treeis little or no native seed in the seed bank.

Heavy clay soils are very difficult to establish native species on, and weed competition on
these sites igery high

Revegetation Site Characteristics and Challenges

TheTulare Basirpresents a complexrar of environmental constraints typical of aaikas.
These factors present the restoration worker inithosing severe limitations on revegetation
strategies, technologies and plant materi@snstraintanclude:

T

= =2 =42 4 A -

Variable surface soil textures rangjrirom clay loam to fine sand

Low and unpredictable rainfall totals, which are variable both within and between.years
Intense pressure from aggressive fmative weed seeds

Inadequate knowledge of the basic biology of many target native plant species
Inadequate supply of local native seed for some desirable species

Lack of knowledge of plant species and soil type interactions

Extensive landscape alterations introducing high levels of disturbance and hydrologic
alteration

Influence of often unknown gtaagricultural practices on weed seed load
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Native seedtollectedon the Project anoh the surrounding area provelgpecies adapted to the
local soil and climatic conditionsWhere soil salinitys moderate to moderately high (electrical
conductivity,EC >4 , 0 0 0 Y)gréStoration plantingarelimited to salttolerant species.

Measuring Success

Reconstructiorof completeplant communitieshat match the historic conditiaf a siteis

beyond the scope of most restoration projects. Ideally, howegesraBon projects can move
beyond the establishment jakt a few generalist native species. Based ontygodand climatic
conditions,restored native plant communitias Atwell Islandwill consist predominately of
shrubs and forbs, with native grasses a minor componeritom early historical descriptions,
this likely mimics the historic conditionThese communities reflect the realistic habitat
restoration capabilities of these formerly irrigatadnfields. The Atwell Island plant
compositionis expected to bsimilar toreference habitats within the Tulare Basin (e.g.
Allensworth and SemitropiEcological Reserves; Kern and Pixley National Wildlife Refuges)
These reference sites have tiesied habitatqualitiesfor targetecanimalspeciegThreatened
andEndangered species, as well as other, more common components of the fauna), site stability
and weed suppression.

Early in the restoration process at Atwell Island, we struggled to develop criteria that would
determine whether or not our tesation effots had been successful. We finally turned to high
guality native habitat managed by BLM in the Lok@gern County)and Carrizo PlaiiSan

Luis Obispo Countyareas. Using existing vegetation survey data, we determined that the best
habitatsaveraged about 15% native cover, with a native shrub component greater than 1%. The
remaining 85% was covered with either nuative vegetation or bare ground. We adopted these
measurements as our yardstick of success for the Atwell Island Restoraiect;RBites that
maintained 15% native cover with a native shrub component were deemed successful.

Selection of Species for Restoration

BLM guidelines forhabitatrestoratiorrequire that seed be collected arailar elevatiorand

within a fifty-mile radiusof the project Experience from our preliminary restoration projects led

us to several native plant species that work well in restoration plantings in the Tulare Basin.
Shrub species included: allscale, bush seepweed and goldenbush. Forbregladied: iseveral
species of goldfieldd@sthenia californical. ferrisiag, andL. minor), spikeweed and Great

Valley phaceliaPhacelia ciliatg. Several important restoration specldadderpod ISomeris

arboreg and Sierra white layid_@yia pentachatassp.albida), were added as our restoration

efforts progressed. Several other shrub species are also regularly put in the seed mix, including:
iodine bush, spiny saltbush and alkali heath, even though they have been only marginally
successful at estbdhment to date. It is believed that seed of these species is viable for many
years and that they may germinate and become established some years in the future when
weather conditions are optimum. Many species planted in the first few years of tlet Pawog

been discontinued because tlieynonstratedonsistently low rates of establishment. Some of
these(e.g, quail bush, gumplant and creeping wildrgee now only used where supplemental

water is available, as they do not persist in upland situatio Rancherés firewee
because it is often the only native species remaining in the seed bandcamde®stablishd on

sites whether or not it is planted.
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The Project hasontinuallyrefined species selection and mixture formulationsmahaous

species have been collectedaluatedand discarded as potential restoration spedidshe 455
species of native plants growing in the Tulare Basin, only 10 to 20 species have characteristics
making them suitable for upland habitat restoratiorth® Project.Desirablerestoration species
have the followingraits

1 Native to the Tulare Basin

Availability of seed for collectian

Ease of seed harvest, cleaning, conditioning and storage
Good response to standard site preparation and seedingoageth

= =4 =4 =

Good establishment on restoration sites including high germination rate and seedling
vigor.

Good sustainability and reproductive success

Suppression of, and resistance to, weed competition

Seed Acquisition

The Atwell Island restoration work follonBL M6 s r est or at iimyseedgbii del i n
native species be used, and seed be collected within 50 miles (80 km) of the Project. In

addition to thigprotoco| seed is collected only from sites at a similar elevation to the Project

site (100 ta300 fed [30-90 m] above sea level). Seed has been collected through service
contracts with professional native seed collectors. These contracts specify that BLM must
approve the timgplaceand methoaf seed harvest. BLM personnel have also collected

some srall lots of seed.Currently, 12,000 pounds of seed is collected each year for the

project. For further detail on seed collection, see Table 4

Seed increasand growouhas been performed @everakpecies of native grasses and
forbs for which insufitient amounts can be collectiedm existing wild populations
Currently one acre of alkali sacaton seed is bejngwn under contract with a farmer in the
Tulare Basin

Seed Viability Testing

Samples for all largeeedcollections are submitted for pty and viability testing by the

seed collection contractoTheAtwell Island Restoration Proje currently using the

Ransom Seed Laboratory in Carpinteria, CA. Results of the tests include: species purity
(%), growth chamber germination (%), dormé¥), TZ viable (%), number of live seeds

per pound and a composite determination of pure live @&d To date, 92 seed reports

have been received on 29 species. Three or more seed reports have been received on 13
species Table 42).
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Table 4-1: See=d collecting information including month, method, plant disturbance, and costper pound.

Species Collection Collection Plant Collection
Month Method Disturbance Cost/Pound
Allenrolfea occidentalis Dec Tennis Racquet Low $5.15
Atriplex lentiformis Dec Tennis Racquet Low $3.95
Atriplex polycarpa Dec Tennis Racquet Low $2.45
Atriplex spinifera June Tennis Racquet Low $4.25
Eremalche parryi Mar/Apr Hand N/A $11.90
Frankenia salina Sept Hand Medium $4.95
Grindelia camporum Sept Hand Low $4.80
Hemizoniapungens June/Sept Hand N/A $6.95
Isocoma acradenia Oct Tennis Racquet Low $9.95
Isomeris arborea June Hand Low $8.80
Lasthenia californica Mar/Apr Hand/Mower N/A $12.45
Lasthenia ferrisiae Mar/Apr Hand/Mower N/A $11.90
Layia pentachaetasp.
alba Mar/Apr Hand N/A $14.25
Malacothrix coulteri Mar/Apr Hand N/A $9.95
Phacelia ciliata Mar/Apr Hand N/A $12.45
Suaeda moquinii Sept/Oct  Tennis Racquet  Medium $6.90
Vulpia microstachys Mar/Apr Hand/Mower N/A $15.00

Table 4-2; Seed test results on seltd restoration species for the Atwell Island Restoration Project

Average| Range of Average | Range of TZ
No of | Purity Purity TZ Viability
Species Tests (%) (%) Viability (%)
(%)

Allenrolfea occidentalis 7 51.0 20.01 93.2 57.9 347 86
Atriplex lertiformis 5 89.0 80.91 94.2 63.2 5471 69
Atriplex polycarpa 6 70.7 55.171 80.1 40.7 187 52
Atriplex spinifera 5 88.3 79.91 93.5 13.4 171 36
Frankenia salina 7 5.0 1.07 11.3 83.3 6071 94
Hemizonia pungens 4 9.2 5.87 14.1 67.3 6171 78
Isocoma acradeia I 27.4 9.21 62.9 26.4 107 65
Lasthenia californica 6 30.0 6.97 55.6 54.0 261 79
Lasthenia ferrisiae 3 39.9 32.0-46.8 74.3 55-90
Layia pentachaeta ssp. albi¢ 5 23.0 14.91 28.8 56.6 447 73
Phacelia ciliata 4 69.8 37.11 94.4 93.9 8571 98
Suaeda moquinii 7 37.3 26.81 46.5 21.6 8-38
Vulpia microstachys 4 67.5 40.57 98.5 94.3 87-98
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Seed Mixtures

Seeding trials and fieltevel applications included both mu#pecies mixtures and

individual species, as appropriate. Seed mixturesdoh restoration site are chosen based

on the goals for that site and the soil type. Seed mixes are generally limited to two to three
shrub species and two to four grass and forb spéoieexamples see Appendix.2)

In generglfor clay soils on alkatie sites, iodinebush and seepweed are the dominant shrubs
seededwhile on sandy soils, alkali goldenbush and saltbush are the dominant shrubs seeded.
On soils of intermediate texture, a broader palette incorporating all shrub species may be
seeded. Qubnush is reserved for areas that have additional water (i.e. canal banks and pond
edges)Seed mi xes for each of the Projectds maj

Restoration Site Preparation Methods

Numerous techniques have been used to prepajcPsades for restoration. These techniques
function both as stardlone strategies, am combinatiorwith other strategies

Fallowing

Fields can be fallowed after farming is ended for one or more years prior to restofdtion.
strategy serves tacrease soil compactiomhich discourages many early successional
annual weed speciedter years of intensive cultivation and disturbanBetential
disadvantages of fallowing include a potenballdupof secondary successionateds and
weed seed in thseed bank. When this method is used, the fallow pemied be followed
by a hot controlled burn, and possibly herbicide or propane flaming treaiimeoi to
seeding.On the Project, 63% (41 of 65) of the sites have been fallowed for two or more
years prior to planting and 32% have been fallowed for five or more years.

Controlled Burns

Controlled burns are used prior to seeding, especially on fallowed lands. An early season
(May to June) burn on sites dominated by-mative annual grasses is idead, the burn
typically consumes grass and weed seed. On sites dominated-hgpdikdassia, the ideal
burn time is late fall (Novemberafter the bassia has senesced and desicc@edhe

Project, 31% (20 of 65) of the sites have been control burnedtpmplanting.

Propane Flaming

Propane flaming using an alfalfa flamer is effective in years with early fall precipitation.
The technique is used after weed seeds start to germinate but befavéregec: species
have been plantedThis technique isxpensivedue to the high cost of propane, but has the
advantage ofiot disturking the soil surfacendthusexacerbating weed growtt©Only small
areas of less than 10 acres have been treated with this method.

Micro-topography Creation

Several techniguehave been used to create mitmpographic relief on restoration sites.
While the project area is naturally flat with little topographic relief, the agricultural fields on
which restoration is occurring have been ldseeled to maximize surface irrigan

efficiency. Microtopography is implemented in two ways: a) by creating swales and
hummocks using a bulldozer blade; and b) by creating hedgerows using artvaatded
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rear blade. If locations afid surface flow channels can be determined, th& @hannels

will be re-created or approximated to the extent feasible. On the Project, 17% (11 of 65) of
the sites have had some type of mitspographic work prior to planting. The miero

topographic relief created on the HRS plots proved to haveditéet on either native plant

or animal establishment. Therefore, deeper swales and larger hummocks have recently been
implemented (up to 4 feet below and above grade).

Disking

Disking reducesoil compaction and reduces or incorporates plant residvwesafid

senesced) to approximatehBanches depth below the soil surface. This technique is used
for weed control prior to seeding native species after fall precipitation has germinated the
weed seeds. It will also be used as seedbed preparatioe®thsit are being restored as
they are coming out of alfalfa productiofo date, 43% (28 of 65) of the sites have been
disked prior to planting.

Harrowing

Harrowing is used as an alternative technique for controlling weeds that have germinated
prior to seding native species, disturbing the soil surface to about four inches below the
surface. To date, 5% (3 of 65) of the sites have been harrowed prior to planting.

Scraping
Six of 65 sites (9%) have been scraped using a rear blade on a tractor or a&hulldoz

No Site Preparation

Early restoration efforts on the Project attempted to plant directly into existing weedy grass
fields (20%; 13 of 65). This method led to very low success at native plant establishment
and is no longer used.

Grazing

Grazing with attle, sheep, or goats is used to reduce the thatch prior to se@dingte,
this method has not been used on the project. Potential future applications of this method are
discussed in Chapter 6.

Crop Selection Prior to Restoration

Implementing restorain following alfalfaproductionhas proven to be a viable technique
and will be actively pursued in future restorat@nthe FPoject. The weeds in alfalfa fields

are adapted to frequent irrigation (60 inches [152 cm] per year or more), while naties spec
seeded during restoration are adapted to low precipitatidf {6ches [185 cm] per year).
Weed competition has proven to be much less severe on alfalfa fields when compared to
annually cropped oat, barley, safflower, or fallow fielfs.date,15% (10 of 65) of the

fields have been planted to alfalfa prior to restoration.
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Seeding Methods

The Project stafhasdevelogdseeding designs for each restoration site. The optimum seeding
method or combination of methosgsdetermined for each site leson soil type, prseeding
treatment and restoration goals for the @ite examples of seed mixes see Appendix 2)

Seeding design, including site preparation, seeding method, seed mixture and applied micro
topographyjs determined for each site pritr seeding.We recommend aombination of
technigues on each site avoidthe use of @ingletechnique that may not be compatible with
yearlyenvironmental conditionand couldead to failure ofth¢g e ar 6 s .pl ant i ngs

A Truax Flex lIRange Drill (or snilar seed drill), which minimizes ground disturbance, is used
to plant seed mixes on sites that have been fallowed, u$oiddiywing acontrolled burn. This

drill should not be used on sites that have been disked or hartoess they have been tredt
with a float or cultipacker TheTruaxTr i | | i on Broadcast S+#ypeder E
drill), which spreads the seed in a uniform broadcast application and then compacts it into the
soil with paired cultipackers (ringpllers), is used tplanton sites that have pregatwith

disking and/or harrowing.An imprinter, which creates an indentation in the soil and then

broadcasts the seed, was used in the first three years of the project. The majority of sites (54%,

35 of 65) have been planted with range drill, while 37% (23 of 65) wareqal with a broadcast
seeder, and 11% (seven of 65) were planted with an imprinter.

Seeding Timing

Restoration sites have been planted as early as October and as late as February. Sites that have

been planted in October and November have tended to leesmocessful than those planted in
January and Februaryurrently, planting is scheduled for October and November prior to the
first major fall rainfall event and all planting is completed befbdanuary.Whenever possible,
planting is done just prido a major rain event.

Irrigation

Irrigation of restoration plantings is avoided, if possiblendédedijrrigationis applied in the
initial seeding year to establish perennial plants, especially in years of betonal
precipitation. Most of the flds targeted for restoration are equipped with alfalfa valves and can

be irrigated as needed. Shrubs are monitored for water stress throughout the first growing season

and irrigated as needed. In dry years, a maximum of ondeatref water i@ppliedin two,

onehalf acrefeet applications. Shrubs requiring more water to become established are likely not

adapted to site conditions and should not be seeded. A minimum amount of water should be
applied to keep the target species out of drought strésswicreating an unnecessary weed

load. To date, 23% (15 of 65) of the sites have been irrigated. Three sites were irrigated three
times, seven sites were irrigated twice and five sites were irrigated once.
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Cooperative Agreements

BLM uses CooperativAgreements with farmers to conduct farming activities and practices on
Project lands. As a part of these agreements, farmers perform activities necessary to restore
lands to upland wildlife habitat. Cooperating farmers use their own farm equipmeatto pl
wildlife -friendly crops, reshape appropriate mitogpography for restoration, and perform
irrigation operations and maintenance of the irrigation system and roads. In return, they are
permitted to grow alfalfa and grain crops on those units notthetdsiled for restoration

activities.

Monitoring

Restoration sites were monitored in the spring of 2008, 2009 and 2010 by making an ocular
estimate of the percent cover of each native andnadie species encountered during to

four transectgapproxmately 200 meach)on each restoration site. Transects were completed
each year during March and ApriTthe establishment and expansion of shrub cogeursover
several yearandis not alwaysobviousin the first year Severalyears maelapsebefore the
extent ofshrub establishment is detectesites that appear to be failures in April can look very
different in September as the shrubs become more apparent.
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Chapter 5. Results of Upland Habitat Restoration

Since 2000, BLM has planted 67 restanatsites for a total of, 200 acres. After the initial

planting of the HRS plots in 2000 (480 acres, &2@swith native seed and 3@&reswith

sterile barley) between 103 to 240 acres were playgadyfor the nextfour years, while

learning whichrestoration techniques proved successful and which did not. In 2005, as BLM
staffgained more confidence in their methodology, 298 acres were planted. In subsequent years,
BLM has exceeded 380 acres of plantings each year (Figlr&igure 38; Appendk 3).

Acres Planted by Year
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Figure 51. Acreage of restoration plantings per yeaktatell Island Restoration Project

Restoration Success

Sites were monitored in the springs of 2008, 2009 and 2010. The winters e2@0®and
20082009 were drought years, so the mogtresting monitoring results came from the spring
2010 data, after a winter of slightly above average rai(glpendix 4) Early in the restoration
process, success criteria had been defined: sites with 15% native cover and 1% native shrub
cover would ke considered successfuRestoration sites were judged against this standEind.

67 restoration sites had an average native plant cover of 35.1%, with a range from 0 to 100%
during the spring of 2010. A large majority of sites (54 sites, 80.6% of badsmore than 15%
native plant cover and met that performance criterion (Figile ™Native shrub cover averaged
11.4% and ranged from 0 to 90%. A majority of sites (51 sites, 79.7% of sites) had 1% or more
shrub cover and met that performance cateriFigure 53).
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Proportion of Restoration Sites by Native Plant Cover

l«— Successful by Total Native Plant Cover Criteria ——

Not

Successful

Percent of Restoration Sites

—

Oto14  15t029  30to44  45t059  60to74  75t089
Total Native Plant Cover (%) -N = 67

Figure 52. Successful and unsuccessful restoration sites based on the total native plant cover criteria: sites with
greater than 15% native plant cover are considered successful.

Proportion of Restoration Sites by Native Shrub Cover

l——Successful by Native Shrub Cover Criteria —

Not
Successful

Percent of Restoration Sites

No Shrubs 1to 4 5to 14 1510 24 25 to 39

Native Shrub Cover (%) -N =64

Figure 53. Successful and unsuccessful resforaesites based on the native shrub cover criteria: sites with greater
than 1% native shrub cover are considered successful
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Of the 65restoratiorsites for which both monitoring data and planting data are available, 46
sites (70.8%) met both performanm&eria and only four sites (6.2%) met neither criterion. Ten
sites (15.4%) met the total native cover criterion, but not the shrub cover criterion and five sites
(7.7%) met the shrub cover criterion, but not the total native cover criterion (Fighire 5

Restoration Sites Meeting Performance Criteria (n=65)
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Figure 54. Percent of restoration sites meeting performance criteria: a minimum of 1% shrub cover for scrub cover
criteria and a minimum of 15% native plant cover for the native plant cover criteria.

Soil Type and Effects on Restoration Success

Sal type was expected to have an effect on the resulting native plant cover and the success of the
restoration sites. Excelsior and Sandridge soils were combimat the Sandridge headifuy

this analysis because of similar properties. If two soilevieund under one general heading

(i.e., Westcamp) they were also combined (evgestcamp loam and Westcamp silt loaere

combined. Nearly half of the early restoration sites (31 sites) were planted on Nahrub soils,

which have heavy clay content. Pokanetsoil (19 sites) was theecond most commonly

represented, while fewer sites were on Sandridge and Westcamp soils (ten and four sites
respectively). For total native plant cover, Posochanet soils (48.8% cover) and Sandridge soils
(43.3% cover) hadignificantly higher percent cover than either Nahrub or Westcamp soils

(25.7% and 19.5 % cover respectively) (Figwg &nd Table 5L).
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Figure 55. Total native plant cover established on the four dominant soil typssvatl Island Restoratio Project

Table 5-1; Statistical tests comparing total native cover on the four dominant soil types at Atwell Island

Project.
Comparison t-value p value
Posochanet vs. Sandridge 0.68 0.68
Posochanet vs. Nahrub 2.92 0.01
Posochanet vs. Westcamp 3.02 0.00
Nahrub vs. Sandridge 2.21 0.03
Nahrub vs. Westcamp 1.36 0.18
Sandridge vs. Westcamp 2.96 0.01

No statistically significant differences were found for native forb cover between the four soll
types. However, sites with Posochanet soils hadhitffgest percentage, with 32.2% native forb
cover, and Westcamp soils were the lowest at 11.8%. Nahrub and Sandridge soils were
intermediate in native forb cover at 22.0% and 20.9% respectively (Figh)te 5

Nahrub soils had the lowest shrub cover, with&% average over 31 restoration sites. The
shrub cover on Nahrub soils was significantly lower than on Posochanet, Sandridge, and
Westcamp soil types (16.7%, 22.2%, and 17.5% respectively) (Figlrédble 52).
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Native Forb Cover by Soil Type
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Figure 56. Native forb covelestablished on the four dominant soil typestatell Island Restoration Project

Native Shrub Cover by Soil Type

Native Shrub Cover (%)

Posochanet Sandridge Westcamp

Soil Type

Figure 57. Native shrub cover established on the four dominant soil typ&tsvetl Island Restoration Project
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Table 5-2: Statistical tests comparing native shrulzover on the four dominant soil types aAtwell Island
Restoration Project

Comparison t-value p value
Posochanet vs. Sandridge 0.66 0.51
Posochanet vs. Nahrub 3.57 0.00
Posochanet vs. Westcamp 0.08 0.93
Nahrub vs. Sandridge 3.35 0.00
Nahrub vs. Westamp 3.34 0.00
Sandridge vs. Westcamp 0.75 0.33

As anticipated, soil type had a great effect on native plant establishment and restoration success.
The heavy Nahrub soils that makengarly halfof the project area have proven very difficult

for regoration efforts, especially for the establishment of native shrub communities. These soils
were originally lake bottorsubstratesnd are more suited for wetland restoration than they are

for upland shrubs and forbs.

Seeding Rate and Effects on RestomtiSuccess

Data fromthe small test plots showed higher percent cover for some species on plots with higher
seeding rates, and a similar resultthe restoration sites. However, there was little effect found

in total native cover on the restoration siteselation to seeding rate. Most sites (56.-788 of

58 sites) were planted at a medium seeding rate between 20 and 39 pounds/acre. 15 sites
(25.9%) were planted at a low rate of less than 20 pounds/acre and 10 sites (17.2%) were planted
with a high ate of greater than 40 pounds/acre. No statistical difference in native plant cover

was found between these three seeding levadilitional trials to determine the optimum

seeding ratevill be carried outbut untilthose are completed BLMill use amediumseeding

rate between 25 and 35 pound per acre on future plantings.

Month of Planting and Effects on Restoration Success

From our observations over the past nine years, we expediad a higher native plant
establishment and success rate on ditaswere planted earlier in the season. We planted
restoration sites from October until February and found no significant differences in native plant
cover, forb cover or shrub cover as a result of the month of planting. Despite this result, we
recommendhat sites be planted in the fall before the first heavy rains. This avoids the stress of
trying to plant between raevents and gives the seeds the best opportunity to germinate with
the early rains. In reality, each year is different, wiahyingrainfall and temperature patterns;

and the optimum time for planting each species probably also differsovEnall optimal time

to plant is immediately before the first hedsate fall or earlywinter rain, but the timing of

significant rainfall in the Tilare Basin is unpredictable. Sites planted too early may have some
or much of the seed eaten by insects, rodents and birds
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Previous Land Use and Effects on Restoration Success

All of the sites planted had been farmed prior to restoration.thirbeprimary crops grown on

these sites aremall grains dats or barley44 sites, 74.6%), alfalfa (10 sites, 17.0%) and

safflower (5 sites, 8.5%). The data shows no significant differences between restoration success
and total native cover on sites plantetiof@ing these three cropst is likely that alfalfa will

prove to be the best crop to precede restoration plantings. Weeds in alfalfa fields are adapted to
frequent irrigations and these weed species should not frdeeproblematic on restoration

sites because they amet irrigated.

A regression analysis between the number of years that a field had been fallow and the percent of
shrub, forb and total native covelnowed lhe strongest relationship for native forbs; fields that

had been fallow longeesulted irhigher nativeforb cover (R = 10.2%). Relationships for

shrubs and totalativecover had muckveakerrelationshi (R* < 2%). The native forb cover is

higher on the sites that have been fallow longer, because these sites have had aritgpportun

be recolonized by some native speciesg,r a nc h e r 6.sA majorrdsatamtat)g to

fallowing fields for several years prior to restoration is that invasive grass species may also have
an opportunity to colonize the field and these spemesod respond well to controlled burns

prior to planting.

Site Preparation and Effects on Restoration Success

Sites that were burned had higher cover of native shrubs, native forbs and total native cover than
disked or not treatesites. The difference fdotal native cover was statistically significant (t =

2.09; p = 0.04) (Figure-B). Burning is a very good technique on sites that have been out of
production for several years and have a build up of weeds. Most sites are not suitable for
burning sincehey are just coming out of agricultural production and there is nothing to burn.

Native Plant Cover by Burn Status
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Figure 58. A comparison of total native cover on restoration sites that were and were not burned prior to planting.
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Seed Source and Effects on Restoration Success

Results from the small test plots indicated that it was very important to use seed from locally
collected sources. Since 2003, allré&toratiorsites were planted with locally collected seed.
No significant difference was found between total native plawer between the nine sites
planted with commercial seed, much with origins outside of the Tulare Basin, and those sites
planted with locally collected seed. The sites planted with native seed had more native shrub
cover (12.5% vs. 2.3%) and the difface was close to being statistically significant (p=0.09,
t=1.71). At Atwell Island, BLM will continue to use locally collected seed because the cost is
less than 50% of commercial seed and BLM can control the source location.

Seeding Method and EffectsxoRestoration Success

Most fields have been planted with a Truax Range Drill (33 sites, 51.6%) and Truax Trillion
broadcast seeder (24 sites, 37.5%). Seven sites in the first three years were planted with an
imprinter, but this planting method was disdoned when it became clear that it was not as

effective for shrub establishmenin terms of total native plant covere results of all three

planting methods are essentially the same. However, for shrubs, both the broadcast seeder and
the range drill ee better than the imprinter with 12.3% and 12.7%, respectively for the first two
seeders and only 1.6% cover for the imprinter. The difference between the broadcast seeder and
the imprinter was nearly significant (t = 1.74, p = 0.09).

SuccessfuNative Plant Species

During the 2010 monitoring season i2dtive species were found. Of these, 14 were species that
were included in the seed mix and seven were species that had not been seeded. The five most
successful planted specisd the most importanbif restoration effortsvereLayia pentachaeta
spp.albida (53 sites, 6% average covetpstheniaspp. L. minor and L. californica40 sites,

2.7% average coverphacelia ciliata(38 sites, 3.3% average covekjriplex polycarpa(37

sites, 3.7% averagmver), andSuaeda moquin{4 sites, 2.9% average cover) (Tabld)5
Additionally, Hemizonia pungend 4 sites, 0.5% average covdgpcoma acradeniél? sites,

0.6% average coverjalacothrix coulteri(8 sites, 0.1% average cover), dadmeris arlorea

(7 sites, 0.2% average covarg also important restoration spedi€able 53). Isomerisis

especially interesting because it persists in heavy clay soil and provides a nectar source for
insects throughout the summedsocomais an early fall bloming species that works well on

lighter soils like Posochanet and Sandridge soil types.

Seven native species that had not been planted were found during the 2010 meaEEEtY
(Table 54). The most common wasmsinkia menziesiwhich was found on 44ites (63%) and
provided 7.3% average covemore than any of the planted speciégpidiumspp. and
Spergulariasp. were found primarily on the very alkaline Westcamp soilSGnllienia
lasiophyllawas fairly common at some of the sites with Nahrulssarhis latter species may
hold promise as a more important restoration species
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Table 5-3: Native species planted ortwell Island Restoration Project restoration sites- 2000 to 2010

Species Number of  Average Cover (%) Range (%)
Sites
Layia pertachaetassp.albida 53 6.0% 0 to 50%
Lastheniaspp. 40 2.7% 0 to 50%
Phacelia ciliata 38 3.3% 0 to 30%
Atriplex polycarpa 37 3.7% 0 to 25%
Suaeda moquinii 24 2.9% 0 to 40%
Hemizonia pungens 14 0.5% 0 to 9%
Isocoma acradenia 12 0.6% 0to 15%
Atriplex lentiformis 8 2.1% 0 to 60%
Malacothrix coulteri 8 0.1% 0to 1%
Isomeris arborea 7 0.2% 0to 4%
Frankenia salina 5 0.1% 0 to 3%
Allenrolfea occidentalis 3 0.1% 0to 2%
Atriplex spinifera 3 0.0% 0to 1%
Eremalche parryi 2 0.0% 0to 1%

Table 54: Native species found on restoration sites during 2010 monitoring that were not planted

Species Number of  Average Cover (%) Range (%)
Sites
Amsinkia menziesii 41 7.3% 0 to 65%
Lepidiumspp. 14 0.8% 0 to 15%
Guillenia lasiophylla 12 0.3% 0 to 5%
Spegularia sp. 7 0.4% 0 to 8%
Castilleja brevistyla 6 0.1% 0to 1%
Plagiobothrysspp. 4 0.1% 0to 2%
Cressa truxillensis 3 0.0% 0to 1%
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Problematic Weed Species

The most problematic weed species on the restoration sites amatigagrasses. Thesvere

not monitored by species, but were lumped together as a unit. This group provided the dominant
cover on the restoration plots (Mean = 40.7%, range 0% to 85%) and were found on all but one
site (64 of 65 sites) (Table%). Other weed species oreaage covered 17.5% of the restoration
sites (range 0% to 62%). Eight weed species were encountered during the site monitoring. Non
native mustards were the second most common group encountered and were found on 80% of
the sites (52 of 65 sites) provigit8.8% of the average cover. CloveEspdiumcicutariumand

Bassia hyssopifolisvere the third and fourth most common weed species (Tahje 5

Table 55: Weed species encountered on 65 restoration sites during 2010 monitoring

Species Number of Average Cover (%) Range (%)
Sites
Non-native grasses spp 64 40.7% 0 to 85%
Mustard spp. 52 8.8% 0 to 65%
Clover spp. 20 4.1% 0 to 50%
Erodium cicutarium 19 2.5% 0 to 25%
Bassia hyssopifolia 12 0.6% 0to 10%
Cynodon dactylon 2 0.1% 0to5%
Malva parviflora 1 0.0% 0to1%
Acroptilon repens 1 0.0% 0to1%
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Chapter 6. Summary and Recommendations for Upland Habitat
Restoration and Longterm Management

A very high proportion of the restoration sites met the project performance criteria for successful
restoation. The performance criteria were developed from the habitat needs of the San Joaquin
Valley special status species, as determined by the sites where they haeslnung

populations. Restoration sites at Atwell Island averaged 35.1% cover frive visgetation,

which exceeded the averagercent covefor Carrizo Plain National Monument and Lokern

Natural Area where theroject performanceriteria wasoriginally developed. Restoration
techniques used at Atwell Island have resulted in successiuk plant establishmenthese
techniques will be continuegd complete the restoration woak Atwell Island and can be usat

other sites throughout the Tulare Basin (FigwB .6 Longterm management strategies these
restoration siteseed to b developed to insure the continued, sustained successrestbration
efforts at Atwell Island

uture Habitat Types
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Figure 61. Future Vision of Habitats at Atwell Island upon Completion of Restoration
Activities.
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Restoration Recommendations

The following are the mesmportant recommendations for successibitatrestoration in the
Tulare Basin(also see Appendix 5)

1. Always use fresh locally collected seed in restoration plantings.
2. Dondét try to save money by planting at

| ow

Use enough seed so the native plants you are planting will dominate the site and suppress

the weed species.

3. Devel op planting designs based on soil
adapted to site conditions. See Appendix 2 for recommene@adrsees.

4. Plant in fall- October and Novemberprior to first heavy lateall rains.

5. Use standard agricultural site preparation and planting techniquesdate the best
restorationsuccess has occurred utilizing these two sequences:

o If field is fallow then burn it befor@lanting with a rangelrill.

o If field is immediately out of production, dis&veral times anglant with the
Trillion broadcastseeder.

6. lrrigate the restoration planting only if the rainfall totals for the year are more than 20%
bdow average. Irrigation may help the native plantings, but it will also encourage the
weed species.

7. Use existing local reference sites to define success criteria for restoration.

Cost Effectiveness

The largest single cost for restoration planting isfative seed. Seed costs at Atwell Island
have been approximately $200 per acre. Other costs include equipment and labor for site
preparation and planting,sdting in an additional cost of approximately $200 per acre
depending on the necessary treatrment otal planting costare approximatel$400 per acreA
onetime half acrefoot irrigation application, if necessary, could be an additional $50 to $100
per acre. These cost estimates do not incitalifing (e.g, restoration project management,
research or monitoring

Persistence of Restoration Sites

The common opinioamong land manageis the Tulare Basiis that native vegetation on
restoration sites will decline over time and the site will eventually be reclaimed hyatioe

grasses and fbs. However, this does not appear to be happening on the Project sites where a
native forb and shrub component has been established. As an exampleacne gite 24-22-
12-05A) planted on Posochanet soils in fall 2005 had 71% native cover, with 3R#ocsiver

and 39% forb cover in the spring of 2010. These results show that, at least in-teenmid

native vegetation is able to maintain itself over time. It appears that if native vegetation in the
first yearafter plantings able to dominate thenaual weeds and sufficient seed is set, native
vegetation on the site will persist indefinitely.
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Long-term Management Needs and Techniques

Management actions utilize adaptive management strategies, whereby the results of treatments
are monitored and thiaformation is used to alter or refine treatments for additional areas.

Long-term management challenges for this habitattae=fold:

 Maintenance of native forbs and shrubs on the restoration site

1 Maintenance of an open habitat structure for thezeed and endangered species
populations.

1 The control of invasivplantspecies such as Russian thistle,-fie®k bassia and
Russian knapweed

Long-term management is a balancing act between keeping the habitat open and maintaining
native vegetation withat weed invasion. This requires frequent monitoring to determine results
of grazing and other treatments.

Vegetation Management Using Livestock

The management goal for the restoration sites is to maintain an open habitat structure for the
benefit of uplad, special status wildlife species (e gan Joaquin Valley kit fox, Tipton

kangaroo rat, bluabtosed leopard lizard, and coast horned liza&klective, rotational grazing

has proven tde an important tool for maintaining the health and biologicardity ofupland
grassland and shrub communitiesome locationsGrazing perscriptions need to be developed
and tested on restoration sites at Atwell Isla@dazing, timed for late spring (after native forbs
have set seed and before nmative grassehave dropped their seadfy prove usefuo:

1 Reduce mulch and thatch layer

1 Lessen fire potential by reducing the amount of vegetative fuel loading
1 Control invasive species propagation and spread

1 Control the height and density of exotic annual grasses

A typical applied stocking rate is2animaiunitmo nt hs ( AUM6s) per acr e.
Matter(RDM) target is 700 pounds per acre, depending upon precipitation. A successful grazing
treatment program will be flexible enough to respond quicklgh@nges on restoration sites.

Grazing treatments are developed to meet the habitat goals of individual sites in order to
maintain desired plant vigor and diversi@ne possible draw back to grazing is the continuing
potential of introducing newveedspedes. This issue needs to be addressed as a grazing plan is
developed.
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Vegetation Management Using Fire

Fire can beusedas atool for managinghative grasslandsy redudéng RDM, increasg light and
water penetration to the soil, contiod) weeds byconsuming foliage and sesand providng

native plants with better conditions to germinate and growe drawback to using fire for
vegetation management is that it has the potential to reduce or destroy the shrub component,
especially for thé\triplex species. Low intensity spring burns that consume the grasses and
forbs, but do not kill the shrubs are likely the best uséseofor vegetation managemeon the
Project. These burn prescriptions have not yet been developed.

One potential drawback tesimg fire is air pollution.The surrounding community has been
supportive of the BLMO6s bur ni n-goingagrcylteralt s t o d
burning in the area. The San Joaquin Air Pollution Control DigictDistrict), which

regulatea i r quality and burn permitting, has al so
BLM coordinates with the Air Distridip ensurehat burns take place when meteorological
conditions allow for good dispersimismoke To dat e, BL MO0 $reshavelenpr epar

quick-burningfall burns whichproduce relatively short periods of smoke emissions that disperse
quickly. Burns to manage restoration sites would need to beatolwvould likely produce

more emissionsControlled burns in successive ygaanhave additional benefits of favoring

native perennial grass and annual forbs over invasive exotic grasses, as observed at the Herbert
PreservédKamansky pes.com 2007).
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Chapter 7. Wetland and Riparian Habitat Restoration

Tulare Lake once occugal approximately 500 square miles in the southern San Joaquin Valley,
consisting of permanent wetlands, sloughs, ponds, marshes and seasonal vixtillamdsof
migratory ducks, geese and swans used this area as their major wintering grounds inaaliforni
TulareLake is now only a memoygs agricultural development and water diversianealtered

and destroyedntire natural habitatsAs a result, th§ ulare Lake Basin has had the largest
percent loss of wetlands in any portion of California.

Despitethe substantial loss of wetland habitats, the area is recognifdesl Central Valley Joint

Venture (CVJV) and thlorth American Waterfowl Management PIANAWMP) for its

international importance in sustaining the life cycle of many species of migraabeyfow! and
shorebirds of Nor t h(USRWS 2004 Bhé GVI\PhastardetecctheF | y way
Tulare Basin ags highest priority for wetland restoration.

Targeted wetland and riparian associations for restoration and/or enhancement purpases incl

Freshwater Wetlands

This wetlandhabitat is permanently or seasonally flooded with fresh to hsplare water.

This series is found on ditch banks, sloughs, lakes and ponds. Dominant plants are broadleaf
cattail (Typha latifolig, narrowleaf catta( Typha angustifolig California bulrush$cirpus
californicug, common threesquare $choenoplectus punggntule (Schoenoplectus acutus

var. occidentali$, saltgrass, cosmopolitan bulrusbchoenoplectus maritimuand tall

flatsedge Cyperus eragrogt). Plants are generally less than 12 feet (4 m) in height.

Great Valley Mixed Riparian

This wetland habitat is seasonally flooded or saturated with fresh water, and occurs along
river, stream, pond and slough edges. Ehisesis found along the Alaugh Canal in
Sections 4 and Blong the Poso Canal in Sec. 1, 2, 11, ancdf@;along a canal in Section
10. Go o ddi n gSalx gobddiagd, krenvomt tottomwood@opulus fremont)i
Mexican elderberry§ambucus nigrasp caeruleay mule fa (Baccharis salicifolig, red
willow (Salix laevigaty, and white alderAlnus rhombifolid dominate this seriesTrees are
generally less than 90 feet (30 m) in height with a continuous carrybs are sparse
under the canopy, and ground cover igalge. Arroyo willow Salix lasiolepiy, California
wild grape Vitis californica) and narrowleaf willow $alix exigua may also be present in

the shrub layerShrubs are generally less than 12 feet (4 m) in height with a continuous
canopy. Exotic annal grasses, creeping wildrykegymus triticoidesand nornative forbs
dominate the herbaceous layer. Alkali sacaton, saltgrass, spikBtasbHharisspp) and
California loosestrifel{ythrum californicurih may also be presenGrasses and forbs are
geneally less than three feet (1 m) in heigiRestoration techniques for this habitat type are
well understood along the water distribution channels in developed wetland areas.
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Existing Reference Sites

Existing wetland and riparian reference sites f@ Tlulare Basin are found along Deer Creek,
Poso Creek, Tule River and the Kern and Pixley NWR.

Wetland and Riparian Management Objectives

The goals for wetland restoration and management include:
1 Restoring historic wetlands for migratory birds
1 Restoring wtlands for breeding water birds

1 Establishing habitat for spectatatus species such as fulvous whistling duck
(Dendrocygna bicolor), southwestern pond tu(#etinemysnarmorata)and giant
garter snake (Thamnophis gigas)

General wetland restorationdamanagement strategies employ the following techniques:
1 Creation of wetland topography and infrastructure for water delivery

Application of initial irrigation to promote the restablishment of wetland species

Planting of desired wetland species, irdihg nativegrasses.

Seasonal irrigations for targeted waterfowl and shorebird requirements

= =4 =2 ==

Wetland maintenance requiring annual mowing and disking (every three to four
years) to maintain desired vegetation structure

1 Recontouring canal banks to a slopéno more than 50% (i.e., 2:1) and-re
vegetating canal banks with native grasses, shrubs and trees

Atwell Island Restoration Project Wetlands

The Atwell Island Restoration Projecurrently has 30 acres (12.2 ha) of existing wetlands
and isin the proces ofcreating an additional 26&8creof wetlandhabitat.

Mitchell Seasonal Wetland

Mitchell Seasonal Wetland isZ®-acre (8.2 ha) ponthatwas created on tHeroject 30

years ago in Section 7 asevaporation pond mitigation (Figurel), with the farmowner
using it for waterfowl hunting Currently te pond is managed as a seasonal wetland for
wintering birdsand isflooded annually from September to March. Seasonal wetlands are
managed to grow moistoil plants(e.g, swamp timothy(Crypsis schoendeg, watergrass
(Echinochloa crusyalli) and smart weedPplygonunspp)), which provide forage for
wintering waterfowl. Dominant emergent vegetation ireghond includes broadleaf cattails
and tule. In order to reduce the density of cattailshe ponl, nowing is performed
annuallyprior to inundation.To promote the regeneration of messtil plant species

periodic disking is performed every&Byears.
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Mitchell Reverse-Cycle Wetland

n 2005,Mitchell Reverse Cycle Wetland,10acre (4.1 ha) broogond was created to the

eastof and adjacent to thditchell SeasonalWetland. Reversecycle ponds are flooded
only spring andsummer (March to September), creating nesting vegetation and an abundant
supply ofaquatic invertebrates for nesting birds.eTominant emergent vegetation found

n this pond is cattails.

NRCS Wetland Easement - Ton Tache Wetland
The NRCS Wetland Reserve Program Easentene(n referred to ason Tache Wetland)

ocated in Section 1rovided an opportunity to create five darhal wetland
mpoundments totaling 269 acres (Figurek, 7-2). Three different management scenarios

for these areas include seasonal wetlands, reegcde wetlands and permanent wetlands.

N
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Alpaugh Canal (Segtions 4 &5
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/ | 3 2 1
Cycle Wetland I Riparian along

1 12 7 8 9 Section 10 Canal
Mitchell Seasonal Wetla
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NRCS Wetlands
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/|

Section 16 Riparian

Figure 71. Atwell Island Restoration Project wetland aighrian habitats.

NRCS Seasonal Wetland

Three ponds in cells 1, 2, and 3 (Figur@)7consist of 198 acres (80.6 taydwill be

managed as seasonal wetlands for wintering waterfowl and flooded from September through
March. Prior to the first inundatiptevees and some islands will be vegetated,(e.g.

quailbush, Great Valley gumwee@rindelia camporurjy mugwort Artemisia douglasiana
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and creeping wildryd@) and pond areas will be mechanically disturbed via tillage, harrowing
or scraping to promote tlemlonization of desired moisoil plants. Once the ponds are
flooded, tule bulrush will be transplanted and water lewls a depthof 4-10 inches(10-

25 cm)will be maintained for foraging waterfowl. Summer irrigations will be conducted to
enhance sind density of moissoil plants other than cattails. Mowing will be performed
annuallyprior to inundation to selectively reduce the density of cattails. Periodic disking
every 35 years willbe needetio promote regeneration of mesbil plants.

NRCS Reverse-Cycle Wetland

Management of cell 5 (37 acres; 15.1 fegueson breeding birdand will beflooded from

March to SeptemberAs with the seasonal wetland ponds, levees and some islands will be
vegetated with similar seeding composition priortie first inundation.Once flooded, tuke

will be transplanted to create nesting habitat for songbirds and water birds. Riparian trees
and shrubs will be planted along the levees and some of the islands to create nesting habitat
for songbirds.To reducdahe density of cattailsnowing maylikely be requirecannually

prior to inundation

Figure 72. NRCS Wetland Reserve Program easement developments for wetland habitat for the Atwell Island
Restoration Project.
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NRCS Permanent Wetland

Management ofall 4 (34 acres; 14.1 ha) wibcus on establishment afpermanent

wetland (i.e., remain flooded all yearyhe permanent marsh habitat capport highly
diverseand beneficialegetatione.g, grasses, sedges, rushes, tule, willo8alikspp.) and
cottonwoods Populusspp.) for wildlife species Although not as productive as seasonal

and reverseycle wetlands in terms of invertebrate abundance and +smigtlant biomass,
permanent marshes provide habitat for wildlife year round. As with thersdasa

reversecycle wetlands, levees and islands were vegetated with composition similar to the
former applicationsAfter the area was firdtooded, tule bulrush eretransplanted, while

50 Fremont cottonwood, 30 narrowleaf willow, 135 mialeand 23%rroyo willow saplings

were planted along the levees and some of the islands. To augment these efforts, additional
riparian restoration is planned for this pond. In the future, this wetland may require drainage
and landscaping maintenance (mowing arsitidg) in order to reduce the density of cattails.

Water Sources, Conveyance, and Delivery Systems

Water supply for the wetlands is derived from several sources. Floodwater can be obtained
in some yearsandthe wetlands in return can provide flood gohto local farmlands and

nearby communities. The wetland construction designed sgurface water could be
accessed from both the Homeland and Alpaugh Irrigation District canals. Additionally, three
deep wells are available for groundwater pumpindieWfully flooded, seasonal wetlands

will require 792 acrdeet of water four acrefeet/acre/year). Reversgcle wetlands will

require 270 acréeet of water fijve acrefeet/acre/year), and the permanent wetland will
require 272 acréeet of water €ightacrefeet/acre/year). The total annual water

requirement is approximately 1,249 adéeet of water Thecost of the water supply
averag@sapproximatel\$65 per acrdoot (ranging from $to $120 per acrdoot, depending

upon demand and predominant so(gcef supply).

Riparian Restoration and Management

Historically, riparian vegetation followed the creeks from the foothills into the Tulare Basin,
forming extensive oak woodlands and willow thickets. Riparian habitat is vitally important
for many wildlife species as it provides spatial and structural diversity to an otherwise
uniform landscapeThe goals for riparian restoration and management include:

1 Restore andcreate riparian zones along canals for Neotropical migratory birds

1 Create riparian veget&in adjacent to, or in desired juxtaposition with, selected
wetland areas

Create backwater sloughs where more extensive riparian vegetation can be planted

Provide habitat for speciadtatus specie@.g., Buena Vista lake shrew (Sorex
ornatus relictus, ®ai nsonds hawk) (Buteo swainsoni)

1 Increase diversity of habitat types on the Praject
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Riparian Habitat Area Along Alpaugh Canal (Sections 4 & 5)

The riparian habitat along Alpaugh Canal (Sections 4 qedt&ndsor approximately0.5

miles (0.8 km) inength and is forested with cottonwood and willdwigire 71). The
BLM has planted additional riparian vegetati¢gg, mulefat, California wildrose Rosa
californica), box elder Acernegundp, Gooddi ngds bl akakinuwi

latifolia) and common buttonbusk¢phalanthus occidenta)isalong the Alpaugh canal to

increase species diversity.

Riparian Habitat Along Trail Canal (Section 5)

I 1 ow,

The riparian habitat along Trail Canal (Section 5) extends for approxinta@ymiles (1.2

km) in length and stretches from the Alpaugh Canal in the north to Avenue 42 in the south
(Figure 71). The Trail Canal is maintained as a delivery ditch and only the western bank of

the canal has beenvegetated. BLM has planted several hundred trees anldsshlong
this canal (mule fat, cottonwood, Cal

black willow, Oregon ash, common buttonbush and arroyo willow), and creeping wildrye

i forni

has been seeded on the western bank. Much of the understory amdtgyoeer vegetation

is also native and was plante@reeping wildrye has successfully established along the ditch

banks andapling survival along the Trail Canal is around 70%.

Riparian Habitat Along Section 10 Canal

The riparian habitat along Secti@f Canais located at the junction of Avenue 48 and Road
40, extenthg east for one mile (1.6 km) to the Alpaugh Irrigation Canal Road. This area
has been planted by BLM with 1,800 Gooddi
creeping wildrye. Cuings were planted on both sides of the canal because this canal is no
longer used to transport wateCreeping wildrye has successfully established along the

ditch banks andusvivorship of willow cuttingshas been approximate%.

Ton Tache Wetland Riparian Habitat (Section 16)

The riparian habitat of Ton Tache Wetland isacres (4.5 ha) in size, and is located
adjacent to the NRCS permanent wetland impoundnkegure 7#1). Orchardstyle

planting techniques were employed to create a forest th&dios tall groves of trees, shrub

clusters, and a dense herbaceous undersidrg.following species were planted in the

spring of 2009: 50 box elder, 200 California rose, 200 Fremont cottonwood, 300 narrowleaf

willow, 265 mule fat, 120 red willow, 85 iryo willow, and 30 common buttonbush

Creeping wildrye, mugwort and Great Valley golantwere seeded between planting rows.
Plantings were irrigated every month from March to the end of September with irrigations

averaging 15 acréeet of water per mah. Preliminary resultgxdicatethat survival of

plantings is less than 20%, with roative grasses dominating the understory. Of all the
woody species planted, mule fat seems to have the highest survivorship. Low survivorship

is most likely caused blyarsh soil conditions, which can be described as-balyyclay
soils. Monthly irrigations caused salt accumulation in the topsoil, which most likely

inhibited plant growth. In the futuréhis area will still receive summer irrigations but less

frequently.
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Riparian Restoration Implications

Riparian habitat rezegetation should only occur along canals and wetlands where plantings are
continuously inundated with fresh water. Orchatgle planting designs that receive flood
irrigations and cause saltcumulation in the topsoil shoute discontinued ando longer be
implemented. Section 5 and 10 Canals should be kept charged with freshwater from February
throughOctober. Past efforfecused on determininghich specieseemednost adapted to

handE dry salty soils. Muléat and Godd i n lgadksvillow proved to besery drought and salt
tolerant speciesBased on the Atwell Island studiesegter effortshouldbe spent on creating
structure from local cuttings and less on increasing speciesitijveith pottedstock from

outside the Tulare Basin.
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Appendix ¥ Acronyms and Abbreviations

ac acres

AID Alpaugh Irrigation District

AIWD Atwell Island Water District

BLM Bureau of Land Management

CIMIS California Irrigation Management Information System
cm centimeters

CvJc CentralValley Joint Venture

CVvP Central Valley Project

CVPIA Central Valley Project Improvement Act
EC Electrical Conductivity

EPA Environmental Protection Agency
ESRP Endangered Species Recovery Program
ET Evapotranspiration

FWS U.S. Fish and Wildfe Service

ha hectares

HRS Habitat Restoration Study

in inches

kg kilogram

km kilometers

LRDP Land Retirement Demonstration Project
LRP Land Retirement Program

LRT Land Retirement Team

m meters

mi miles

e S 't m micro Siemens per centinez
NAWMP North American Waterfowl Management Plan

NRCS Natural Resources Conservation Service

NWR National Wildlife Refuge

p value Probability of Statistical Significance

R? Percent Explained Variance

spp. Species not Known

t value Statistic showig confidence interval around mean
TZ Chemical seed viability test

USBR US Bureau of Reclamation

USDA U.S. Department of Agriculture
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Appendix 2 Recommended Seed Mixes for Dominant Project
Soil Types

Soil Type: Posochanet Silt Loam

Soil Texture & Salinity: Upperi silt loam, salinity 48 ds/m, SAR 21.3; Loweri silty
clay loam, salinity 430 ds/m, SAR 150

Drainage: Moderately well drained, slow permeability

Species Pounds/Acre
Shrubs
Allscale Atriplex polycarpa
lodine bush Allenrolfeaoccidentali3
Goldenbushléocoma acradenia
Bush seepweed(iaeda moquinii
Bladderpod someris arborep
Alkali heath Erankenia salind
Forbs
Goldfields (asthenia californica& L. minor)
Sierra white layial(ayia pentachaetasp.albida)
Great Valley phaceliaRhacelia ciliatg
Spikeweed lemizonia pungens
Total

NN WEADNO

w
bNI\JO?O?

Soil Type: Houser Fine Sandy Loam
Soil Texture & Salinity: Alkaline and sodic, salinity >16 ds/m
Drainage: Moderately drained

Species Pounds/Acre
Shrubs
Allscale Atriplex polycarpa
lodine bush Allenrolfea occidentalis
Goldenbushléocoma acradenia
Bush seepweeds(aeda moquinii
Bladderpod ksomeris arborea
Alkali heath Frankenia salina
Forbs
Goldfields (asthenia californrda & L. minor)
Sierra white layial(ayia pentachaetasp.albida)
Great Valley phaceligRhacelia ciliatg
Spikeweed lemizonia pungens
Total

NFEAEABNDA

w
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Soil Type: Sandridge Loamy Fine Sand
Soil Texture & Salinity: Loamy sand to sand, slightly adwml strongly alkaline
Drainage: Excessively drained soil, moderately rapid permeability

Species Pounds/Acre
Shrubs
Allscale Atriplex polycarpa
lodine bush Allenrolfea occidentalis
Goldenbushléocoma acradenia
Bush seepweed(iaeda moquin
Alkali heath Erankenia salind
Forbs
Goldfields (asthenia californica& L. minor)
Sierra white layial(ayia pentachaeta ssp. albida
Great Valley phaceliaRhacelia ciliatg
Spikeweed lemizonia pungens
Total

NFPORFPO

w
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Soil Type: Nahrub Silt Loam
Soil Texture & Salinity: Upperi salinity 1-16 ds/m; Loweii salinity 830 ds/m
Drainage: Somewhat poorlgrained,very slow permeability

Species Pounds/Acre
Shrubs
Allscale Atriplex polycarpa
lodine bush Allenrolfea occidentalis
Goldenbushléocoma acradenia
Bush seepweed(iaeda moquinii
Bladderpod ksomeris arborep
Alkali heath Frankenia salina
Forbs
Goldfields (asthenia californica& L. mino)
Sierra white layial(ayia pentachaetasp.albida)
Great Valley phacelia®hacelia ciliatg
Spikeweed lemizonia pungens
Total

ADNNNEFEO
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Soil Type: Westcamp Silt Loam
Soil Texture & Salinity: Saline & alkaline; salinity 26 ds/m
Drainage: Somewhat poorlgrained, slow permeability

Species Pounds/Aae
Shrubs
Allscale Atriplex polycarpa
Spiny saltbushAtriplex spiniferg
lodine bush Allenrolfea occidentalis
Goldenbushléocoma acradenia
Bush seepweed(aeda moquinii
Alkali heath Erankenia salind
Forbs
Goldfields (astrenia californica& L. minor) 6
Sierra white Layial(ayia pentachaetasp.albida) 3
Great Valley phaceliaRhacelia ciliatg 1
1
29

NO R AR

Spikeweed lemizonia pungens
Total

Soil Type: Lethent Fine Sandy Loam
Soil Texture & Salinity: Saline & alkalinesalinity >16 ds/m
Drainage: Moderately welldrained, slow permeability

Species Pounds/Acre
Shrubs
Allscale Atriplex polycarpa
lodine bush Allenrolfea occidentalis
Goldenbushléocoma acradenia
Bush seepweeds(aeda moquinii
Alkali heath Frankenia salina
Forbs
Goldfields (asthenia californica& L. mino)
Sierra white layial(ayia pentachaetasp.albida)
Great Valley phaceliaRhacelia ciliatg
Spikeweed lemizonia pungens
Total

NDABNPD

w
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Appendix 3 Plot history for Atwell Island Project restoration sites

Field

24-22-01-04A

24-22-01-04B

24-22-01-04C

24-22-01-05

24-22-01-06

24-22-01-07

24-22-11-06A

24-22-11-06B

24-22-12-05A

24-22-12-05B

24-22-12-06A

24-22-12-06B

24-22-12-07

24-23-03-01

24-23-04-03

Acres

16

24

14

65

26

52

40

40

40

70

50

80

Soil Type
West Camp
West Camp
West Camp
West Camp
West Camp
West Camp
Excelsior
Sand Ridge
West Haven
West Haven
Sand Ridge
West Haven
West Haven
West Haven

Sand Ridge

Type

Field Planting
Sump Planting
Hedgerows

Sump Planting

Sump-2nd Planting

Field Planting
Field Planting
Field Planting
Field Planting
Field Planting
Interplanting

Fallow Field

Field Planting
Field Planting

ESRP Plots

Hedgerow

Years

Last Crop  Fallow
Oats 2
Sump
Oats 2
Sump

5
Oats 5
Oats 20
Oats 52
Safflower 5
Oats 0
Alfalfa 1
Safflower 6
Alfalfa 2
Oats 4
Oats 2

Burn

No

No

No

No

No

Yes

Jan-06

Jul-07

Nov-04

No

No

Nov-05

Yes

No

No

Date

Mechanical Planted
Disked Nov-03
No Oct-03
Disked Nov-03
No Oct-04
No Oct-05
Harrowed - 4" Nov-07
No Jan-06
No Jan-06
No Nov-04
Disked Dec-04
No Oct-05
No Nov-05
No Jan-08
Disked &

Contoured Jan-01
Disked Dec-02

Planter

Broadcast
Seeder

Range Drill
Broadcast
Seeder

Range Drill
Range Drill
Broadcast
Seeder

Range Drill
Range Drill
Range Drill
Broadcast
Seeder

Range Drill
Range Drill
Range Drill

Imprinter

Range Drill

Rate

86

64

63

17

19

30

10

15

26

42

19

30

12

75

APPENDICES

Source

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

S&S Seed

Mix

Local/Native
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Field

24-23-04-04

24-23-04-05

24-23-04-06

24-23-05-04

24-23-06-05A

24-23-06-05B

24-23-06-06

24-23-07-01

24-23-07-06A

24-23-07-06B

24-23-08-01

24-23-08-04

24-23-08-05

24-23-08-06A

24-23-08-06B

24-23-09-05

24-23-09-07A

Acres

20

16

40

40

12

120

40

15

40

20

20

49

46

30

56

Sail Type

West Haven

West Haven

West Haven

Sand Ridge

West Haven

Sand Ridge

Sand Ridge

West Haven

West Haven

West Haven

West Haven

Nahrub

Nahrub

Nahrub

Nahrub

West Haven

Nahrub

Type

Alfalfa Test Plots

Canal Planting

Field Planting

Hedgerows

Field Planting

Field Planting

Field Planting

ESRP Plots

Field Planting

Field Planting

ESRP Plots

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Hedgerows

Years

Last Crop Fallow
Alfalfa 5
none

Oats 0
Oats 3
Oats 2
Oats 0
Oats 3
Barley 1
Alfalfa 2
Alfalfa 2
Barley 1
Oats 4
Oats 5
Oats 1
Oats 1
Alfalfa 0
Oats 1

Burn

No

No

No

No

No

Yes

No

No

Nov-05

Nov-05

No

No

No

Nov-05

Nov-05

No

Nov-06

Mechanical
Disk/Herbicide
Scraped
Disked
Disked
Disked
Disked
Disked
Disked &
Contoured
No

No

Disked &
Contoured
Disked
Disked

No

No

Disked

Rear blade

Date
Planted

Nov-03

Feb-05

Jan-06

Dec-03

Feb-05

Jan-05

Jan-06

Jan-01

Dec-05

Dec-05

Jan-01

Feb-04

Feb-05

Dec-05

Dec-05

Nov-04

Nov-06

Planter

Various

Broadcast
Seeder

Broadcast
Seeder

Range Drill

Broadcast
Seeder

Broadcast
Seeder

Broadcast
Seeder
Imprinter
Range Drill
Range Drill
Imprinter

Broadcast
Seeder

Broadcast
Seeder
Range Drill
Range Drill
Range Dirill &

Broadcast

Range Drill

Rate

10

13

30

40

44

38

12

27

23

12

20

20

23

16

31

19

APPENDICES

Source
Local/Native
Hedgerow
Farms
Local/Native
Local/Native
Local/Native
Local/Native
Local/Native
S&S Seed
Mix
Local/Native
Local/Native
S&S Seed
Mix
Local/Native
Local/Native
Local/Native
Local/Native

Local/Native

Local/Native
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Years Date
Field Acres Soil Type Type Last Crop Fallow Burn Mechanical Planted Planter Rate Source
Broadcast
24-23-09-07B 66 Nahrub  Disked Shrub Strip  Oats 1 Nov-06 Disked Nov-06  Seeder 31 Local/Native
24-23-09-07C 150 Nahrub  Flat not Disked Oats 1 Nov-06 No Nov-06  Range Drill 24 Local/Native
Flats in Hedgerow Broadcast
24-23-09-07D 37.5 Nahrub E 1/4 Oats 1 Nov-06 Harrowed - 4" Dec-06 Seeder 27  Local/Native
Flats in Hedgerow Broadcast
24-23-09-07E 112.5 Nahrub W 3/4 Oats 1 Nov-06 Harrowed - 4" Dec-06 Seeder 31 Local/Native
Depressions in Broadcast
24-23-09-07F 25 Nahrub  Hedgerows Oats 1 Nov-06 Bulldozed Dec-06 Seeder 23  Local/Native
Disked & S&S Seed
24-23-10-01A 80 Nahrub  ESRP Plots Oats 4 No Contoured Jan-01  Imprinter 12 Mix
Hedgerow S&S Seed
24-23-10-01B 20 Nahrub  Hedgerow Oats 4  No Prep Jan-01 Range Drill 10  Mix
Broadcast by Hedgerow
24-23-10-01C 3 Nahrub  Canal Planting none No Scraped Jan-01 Hand 10 Farms
Broadcast by Hedgerow
24-23-10-01C 3 Nahrub  Canal Planting None No Scraped Jan-04 Hand 50 Farms
Hedgerow S&S Seed
24-23-10-02A 20 Nahrub  Hedgerow Safflower 2 No Prep Feb-02 Range Drill 18 Mix
Hedgerow
24-23-10-02B 140 Nahrub  Hedgerow Safflower 2 No Prep Feb-02 Range Drill 35 Local/Native
Hedgerow
24-23-10-03 50 Nahrub  Hedgerow Safflower 2 No Prep Jan-03  Range Drill 30 Local/Native
24-23-10-04A 40 Nahrub  Hedgerows Oats 5 No Scraped Nov-03  Range Drill 30 Local/Native
24-23-10-04B 6 Nahrub  Field Planting Oats 5 No No Jan-04 Range Drill 87 Local/Native
24-23-10-05 80 Nahrub  Hedgerows Oats 5 No Hedgerow Nov-04  Range Drill 36 Local/Native
Disked & S&S Seed
24-23-14-01A 160 Nahrub  ESRP Plots Oats 4 No Contoured Jan-01  Imprinter 12 Mix
S&S Seed
24-23-14-01B 80 Nahrub  Field Planting Oats 4 No No Jan-01 Range Drill 11 Mix
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Field

24-23-23-02A

24-23-23-02B

24-23-23-03

24-23-01-08A

24-23-06-08A

24-23-05-08A

24-23-07-08

24-23-08-08

24-23-06-08B

24-23-05-08B

24-23-08-08B

24-23-05-09A

24-23-05-09B

24-23-09-09

24-23-06-09

24-23-08-09A

24-23-08-09B

Acres

40

40

70

40

60

15

80

80

30

40

30

80

120

40

80

30

30

Sail Type

Nahrub

Nahrub

Nahrub

Sand Ridge

Sandridge

Posochanet

Nahrub

Nahrub

Posochanet

Sandridge

Nahrub

Posochanet

Posochanet

Posochanet

Sandridge

Nahrub

Nahrub

Type

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Field Planting

Last Crop

Oats

Oats

Oats

Oats

Alfalfa

Alfalfa

Oats

Oats

Garden

Alfalfa

Oats

Oats

Oats

Oats

Alfalfa

Oats

Oats

Years
Fallow

10

10

Burn

No

No

No

Yes

no

Yes

No

No

Yes

No

No

No

No

No

No

No

No

Mechanical

No

No

No

No

disk

No

Disk

No

No

Disk

Disk

Disk

Disk

Disk

Disk

Disk

No

Date
Planted

Nov-01

Dec-01

Dec-02

Nov-08

Jan-09

Nov-09

Dec-09

Dec-09

Dec-09

Oct-09

Oct-09

Oct-09

Oct-09

Oct-09

Oct-09

Oct-09

Oct-09

Planter

Imprinter

Imprinter &
Range Drill

Range Drill
Range Dirill 8'
Broadcast
Seeder
Range Dirill 8'
Broadcast

Seeder

Range Drill 8'

Range Drill 16

Broadcast
Seeder

Broadcast
Seeder

Range Drill 16

Range Drill 16'

Broadcast
Seeder

Broadcast
Seeder

Broadcast
Seeder

Range Drill 16'

Rate

11

27

19

31

33

30

29

12

34

30

28

27

27

30

80

27

25

APPENDICES

Source

S&S Seed

Mix

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native

Local/Native
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Appendix 4 Restoration Monitoring Outcome on Restoration

Sites in 200
Outcome
2010
Tot Nat Tot Tot

Field Bare % Grass %  Shrub% Forbs%  Native%  Weed%
24-22-01-04A 0 76 12 10 22 78
24-22-01-04B 68 0 22 5 27 5
24-22-01-04C 0 48 26 24 50 50
24-22-01-07 2 78 10 8 18 80
24-22-11-06A 1 11 0 73 73 26
24-22-11-06B 3 26 4 50 54 46
24-22-12-05A 2 20 32 39 71 27
24-22-12-05B 0 19 7 49 56 44
24-22-12-06A 0 61 2 35 37 63
24-22-12-06B 0 8 20 70 90 10
24-22-12-07 0 51 4 43 47 53
24-23-03-01 20 48 0 7 7 73
24-23-04-03 0 10 90 0 90 10
24-23-04-04 1 82 11 4 15 84
24-23-04-05 0 5 53 91 144 6
24-23-04-06 0 15 40 0 40 60
24-23-05-04 0 55 20 0 20 80
24-23-06-05A 0 35 2 14 16 97
24-23-06-05B 1 17 50 44 94 18
24-23-06-06 15 20 20 20 40 42
24-23-07-01 0 41 6 38 44 55
24-23-07-04 10 20 0 49 49 41
24-23-07-06A 1 62 15 12 27 72
24-23-07-06B 0 13 53 34 87 13
24-23-08-01 0 24 4 52 56 44
24-23-08-04 1 25 8 2 10 30
24-23-08-05 2 48 3 45 48 50
24-23-08-06A 2 58 5 11 16 82
24-23-08-06B 3 56 2 21 23 74
24-23-09-05 0 62 19 17 36 64
24-23-09-07A 5 15 42 8 50 45
24-23-09-07B 0 81 10 2 12 88
24-23-09-07C 0 85 1 2 97
24-23-09-07D 0 77 0 1 100
24-23-09-07E 0 83 1 7 93
24-23-09-07F 15 15 10 55 65 20
24-23-10-01A 2 26 0 25 25 73
24-23-10-01B 2 75 2 2 4 94
24-23-10-01C 10 15 5 80 85 17
24-23-10-02A 0 65 0 25 25 75
24-23-10-02B 1 41 3 15 18 81
24-23-10-03A 2 70 8 5 13 85
24-23-10-04A 3 61 3 26 29 68
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Outcome
2010
Tot Nat Tot Tot

Field Bare % Grass %  Shrub% Forbs%  Native%  Weed%
24-23-10-04B 1 71 0 1 1 98
24-23-10-05 4 35 5 12 17 79
24-23-14-01A 0 25 1 17 18 81
24-23-14-01B 2 25 0 17 17 81
24-23-23-02A 2 40 5 18 23 75
24-23-23-02B 1 20 1 37 38 60
24-23-23-03 5 25 0 27 27 68
24-22-01-08B 5 45 0 15 15 80
24-22-01-08A 4 67 2 17 19 77
24-23-06-08A 0 70 5 19 24 75
24-23-05-08A 2 20 36 44 80 20
24-23-07-08 1 65 0 22 22 78
24-23-08-08 4 55 0 26 26 70
24-23-06-08B 2 12 14 65 79 22
24-23-05-08B 0 52 30 3 33 67
24-23-08-08B 5 20 1 29 29 66
24-23-05-09A 2 76 1 11 11 87
24-23-05-09B 4 67 1 18 19 77
24-23-09-09 1 50 0 3 3 96
24-23-06-09 1 61 1 21 22 77
24-23-08-09A 4 20 0 59 59 39
24-23-08-09B 3 42 1 22 23 74
Average Cover 3.3 40.7 10.7 23.9 34.5 58.2
N of Sites 41 64 51 64 65 65
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Outcome
2010

Field
24-22-01-04A
24-22-01-04B
24-22-01-04C
24-22-01-07
24-22-11-06A
24-22-11-06B
24-22-12-05A
24-22-12-05B
24-22-12-06A
24-22-12-06B
24-22-12-07
24-23-03-01
24-23-04-03
24-23-04-04
24-23-04-05
24-23-04-06
24-23-05-04
24-23-06-05A
24-23-06-05B
24-23-06-06
24-23-07-01
24-23-07-04
24-23-07-06A
24-23-07-06B
24-23-08-01
24-23-08-04
24-23-08-05
24-23-08-06A
24-23-08-06B
24-23-09-05
24-23-09-07A
24-23-09-07B
24-23-09-07C
24-23-09-07D
24-23-09-07E
24-23-09-07F
24-23-10-01A
24-23-10-01B
24-23-10-01C
24-23-10-02A
24-23-10-02B
24-23-10-03A
24-23-10-04A
24-23-10-04B
24-23-10-05
24-23-14-01A
24-23-14-01B

Native Shrubs
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Outcome
2010

Field
24-23-23-02A
24-23-23-02B
24-23-23-03
24-22-01-08B
24-22-01-08A
24-23-06-08A
24-23-05-08A
24-23-07-08
24-23-08-08
24-23-06-08B
24-23-05-08B
24-23-08-08B
24-23-05-09A
24-23-05-09B
24-23-09-09
24-23-06-09
24-23-08-09A
24-23-08-09B

Average Cover

N of Sites

ALOC = Allenrolfea occidentalis
ATPO =Atriplex polycarpa
ATSP =Atriplex spinifera

Native Shrubs

ALOC% ATPO%
0 3
0 0
0 0
0 0
0 0
0 5
0 1
0 0
0 0
0 7
0 10
0 1
0 0
0 1
0 0
0 0
0 0
0 0

0.1 3.7
3 37

ATLE = Atriplex lentiformes

FRSA =Frankenia salina
ISAC =Isocoma acradinia
ISAR =Isomeris arborea
SUMO =Suwaeda moquinii

ATSP%

o
W O O 0O 0O 000000 O0ODO0ODOo0OOoOOoOOoO OoOLGkr o

ATLE %

N

FRSA%

o
U P P OO OO O0OO0OO0OOO0OO0OOOOOOoOOoON

APPENDICES
SUMO
ISAC% ISAR % %
0 0 0
0 0 0
0 0 0
0 0 0
0 0 2
1 0 0
0 0 35
0 0 0
0 0 0
3 0 3
0 0 15
1 0 0
0 0 1
1 0 1
0 0 0
0 0 1
0 0 0
0 0 0
0.6 0.2 2.9
12 7 24
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Outcome

2010 Native Forbs

Field LACA% LAPE% HEPU% PHCI1% AMME% GULA% MACO%  Lepidium%
24-22-01-04A 0 10 0 0 0 0 0 0
24-22-01-04B 0 0 0 0 0 0 0 5
24-22-01-04C 1 20 0 1 2 0 0 0
24-22-01-07 1 4 0 3 0 0 0 0
24-22-11-06A 3 1 2 1 65 1 1 0
24-22-11-06B 2 1 2 0 45 0 1 0
24-22-12-05A 20 10 0 5 4 0 0 0
24-22-12-05B 3 15 0 5 25 0 0 0
24-22-12-06A 0 5 0 0 30 0 0 0
24-22-12-06B 0 50 3 10 5 0 0 0
24-22-12-07 0 3 0 0 40 0 0 0
24-23-03-01 1 1 0 0 1 0 0 5
24-23-04-03 0 0 0 0 0 0 0 0
24-23-04-04 1 1 0 1 1 0 0 0
24-23-04-05 0 0 0 0 0 0 0 0
24-23-04-06 0 0 0 0 0 0 0 0
24-23-05-04 0 0 0 0 0 0 0 0
24-23-06-05A 1 2 0 8 2 0 1 0
24-23-06-05B 35 3 1 1 5 1 1 0
24-23-06-06 1 1 9 0 2 1 1 15
24-23-07-01 3 30 0 5 0 0 0 0
24-23-07-04 0 0 0 0 1 0 0 1
24-23-07-06A 2 5 0 5 0 0 0 0
24-23-07-06B 2 30 0 2 0 0 0 0
24-23-08-01 2 20 0 30 0 0 0 0
24-23-08-04 1 1 0 0 0 0 0 0
24-23-08-05 5 20 0 0 20 0 0 0
24-23-08-06A 1 1 1 3 5 0 1 1
24-23-08-06B 2 3 1 10 5 0 0 1
24-23-09-05 1 3 0 8 3 2 0 0
24-23-09-07A 1 5 0 3 0 0 0 0
24-23-09-07B 0 1 0 1 0 0 0 0
24-23-09-07C 0 1 0 1 0 0 0 0
24-23-09-07D 0 1 0 1 0 0 0 0
24-23-09-07E 1 1 0 5 1 0 0 0
24-23-09-07F 50 1 0 3 0 0 0 0
24-23-10-01A 0 1 0 0 25 0 0 0
24-23-10-01B 0 0 0 0 2 0 0 0
24-23-10-01C 0 0 0 0 0 0 0 0
24-23-10-02A 0 0 0 0 25 0 0 0
24-23-10-02B 0 1 0 0 15 0 0 0
24-23-10-03A 0 1 0 0 5 1 0 0
24-23-10-04A 1 15 0 3 6 1 0 0
24-23-10-04B 1 1 0 1 0 0 0 0
24-23-10-05 0 1 1 0 10 0 0 0
24-23-14-01A 0 1 0 0 11 5 0 2
24-23-14-01B 0 0 0 0 15 0 0 2
24-23-23-02A 0 0 1 0 15 1 0 1
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Outcome
2010
Field

24-23-23-02B
24-23-23-03

24-22-01-08B
24-22-01-08A
24-23-06-08A
24-23-05-08A
24-23-07-08

24-23-08-08

24-23-06-08B
24-23-05-08B
24-23-08-08B
24-23-05-09A
24-23-05-098
24-23-09-09

24-23-06-09

24-23-08-09A
24-23-08-098

Average Cover

N of Sites

Native Forbs
LACA%

N
|3 e N e =

W RN R R

10
0
2.7

40

LAPE%

10

30
10

25

g P W w W

25
2
6.0
53

LACA = Lasthenia californica
LAPE =Layia pentachaeta ssp. albida
HEPU =Hemizonia pungens
PHCI =Phacelia ciliata
AMME = Amsinkia menziesii
GULA = Guillenia lasiophylla
MACO = Malacothrix coulteri

Lepidium =primarily Lepidium dctyotium

HEPU%
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APPENDICES

MACO%  Lepidium%
1 5

0 3
0 0
0 5
0 0
0 0
0 0
0 5
0 0
0 0
0 0
0 0
0 0
0 0
1 0
0 0
0 4
0.1 0.8
8 14
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Outcome
2010 Invasive Shrubs & Forbs
Mustard

Field BAHY% % ERCI1% Clover%
24-22-01-04A 0 2 0 0
24-22-01-04B 5 0 0 0
24-22-01-04C 0 2 0 0
24-22-01-07 0 2 0 0
24-22-11-06A 0 0 15 0
24-22-11-06B 0 0 20 0
24-22-12-05A 0 7 0 0
24-22-12-05B 0 25 0 0
24-22-12-06A 0 2 0 0
24-22-12-06B 0 2 0 0
24-22-12-07 0 2 0 0
24-23-03-01 1 3 10 10
24-23-04-03 0 0 0 0
24-23-04-04 0 2 0 0
24-23-04-05 0 1 0 0
24-23-04-06 10 35 0 0
24-23-05-04 0 25 0 0
24-23-06-05A 5 65 1 0
24-23-06-05B 0 1 0 0
24-23-06-06 2 23 0 0
24-23-07-01 0 15 0 0
24-23-07-04 1 5 0 15
24-23-07-06A 5 5 0 0
24-23-07-06B 0 0 0 0
24-23-08-01 0 20 0 0
24-23-08-04 0 5 0 0
24-23-08-05 0 2 0 0
24-23-08-06A 0 15 0 5
24-23-08-06B 0 5 3 5
24-23-09-05 0 2 0 0
24-23-09-07A 0 30 0 0
24-23-09-07B 0 5 0 2
24-23-09-07C 0 10 0 0
24-23-09-07D 0 3 0 5
24-23-09-07E 0 5 0 5
24-23-09-07F 0 0 0
24-23-10-01A 0 2 25 20
24-23-10-01B 2 10 5 2
24-23-10-01C 2 0 0 0
24-23-10-02A 0 5 5 0
24-23-10-02B 0 30 10 0
24-23-10-03A 0 10 5 0
24-23-10-04A 0 2 5 0
24-23-10-04B 2 15 10
24-23-10-05 0 10 15 19
24-23-14-01A 0 5 50
24-23-14-01B 0 20 35
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Outcome
2010 Invasive Shrubs & Forbs
Mustard

Field BAHY% % ERCI% Clover%
24-23-23-02A 0 0 5 30
24-23-23-02B 0 0 5 35
24-23-23-03 0 0 0 0
24-22-01-08B 0 35 0 0
24-22-01-08A 0 10 0 0
24-23-06-08A 3 2 0 0
24-23-05-08A 0 0 0 0
24-23-07-08 0 10 0 3
24-23-08-08 0 0 0 15
24-23-06-08B 0 5 0 0
24-23-05-08B 0 15 0 0
24-23-08-08B 0 22 2 2
24-23-05-09A 1 10 0 0
24-23-05-09B 0 10 0 0
24-23-09-09 0 46 0 0
24-23-06-09 0 15 0 0
24-23-08-09A 0 3 1 5
24-23-08-09B 0 20 0 4
Average Cover 0.6 8.8 25 4.1
N of Sites 12 52 19 20

BAHY = Bassia hyssopifolia

Mustard= Brasskca nigra, Sisymbrium iro, etc.
ERCI =Erodium cicutarium

Clover =primarily Melilotus indica
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Appendix 5 Restoration Site Implementation Recommendations

B L M @esommendations for restoration implementation in the Tulare Basasare
follows:

Step 1 Select site and determine restoration goal for site.
Step 2 Determine soil type(s) from USDA Soil Survey Maps.

Step 3 Determine condition of fietd
o Iffield is being actively farmed disk field several times follow with a
cultipacker and float if neked.
o Iffield is fallow do hot controlled burn if weedy or disk and cultipack
if dominate by nomative grasses.

Step4. Select seed mix based on soil typeonsult Appendix 2 to help
determine seed mix that is most likely to succeed

Step 5 Plantfield in mid-fall prior to first heavy fall rains:
o If soil is undisturbed (not disked) plant with Truax Range Drill or
similar equipment.
o |If site is disked plant with plant with Truax Trillion broadcast seeder
or similar equipment.

Step 6 If rainfall is 20% or more below normal use supplementary irrigation to
bring the rainfall totals up to approximately 20% above normal.
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