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ABSTRACT

Cow Creek and Mill Creeks are ea#de tributaries to the north Sacramento River that provide
important habitat for native fish and other wildlife.-@late however, both watersheds have

lacked detailed and spatially explicit information on the existing vegetation and ecological
condition of the riparian corridors. To address this information gap and to help guide future
restoration and enhancement efforts, this project was initiated with three primary goals: (1) map
the riparian and adjacent vegetation; (2) assess conditions of the riparian corridors; and (3)
developrecommendationis theform of anannotatedist, on priority actionareas forestoringor
enhancing riparian vegetation. This project is funded through the Anadromous Fish Restoration
Program administered by the US Fish and Wildlife Service. To map vegetation along the river
corridors for Mill and Cow Creeks, we used a combination of remotely collected and field
collected data. For three weeks in 2013, a field crew surveyed vegetation types at 244 points and
performed more wuepth surveys of riparian conditions at 81 points in both watersheds. These
field data provided ground truthing information for the draft vegetation map and information on
riparian conditions. A draft vegetation map of the riparian corridors was created using aerial
imageryfrom a varietyof sourcesTwo attributesassociateavith riparianvegetatiorthatarenew

or unusual components of vegetation maps were included in this effort; vegetation overhang
along the stream channel and meadow type based on a hydrogeomorphic classification for the
Sierra Nevada, published in 2011. Ground truthing demonstrated that the draft vegetation map
had an overall accuracy of 89%. As a first step in the riparian conditions assessment, the riparian
corridor within both watersheds wdsvided intoreaches with consistent geology, hydrolagy
surrounding land use. Within these areas, information from the mapping effort, field surveys,
technical documents and other spatially explicit data were used to assess riparian conditions. We
used eight structural characteristics discernable using remote imagery or GIS data layers as
indicators of riparian condition and then applied a consistent scoring scheme to develop advisory
condition quantifications for each condition reach. These were used with otkspestéc and

less easily quantified information to develop final condition scores for each condition reach.
Reaches with lower condition scores were more closely examined using remote imagery and
otherinformationsourcego identify, in anannotatedist, high priority areador restoratiorand
enhancement in Cow Creek and Mill Creek watersheds.
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Mill and Cow Creek Riparian Mapping and Condlitions Assessment

1 PURPOSE

In SeptembeR010,Stillwater SciencesndAerial InformationSystemsvereawardeda contract

to map and assess conditions of the riparian vegetation in Cow Creek and Mill Creek watershed
projectareaqFigures 11 and 12), and to developecommendations itheform of anannotated

list, on priority action areas in each watershed. This project is funded through the Anadromous
Fish Restoration Program which is administered by the US Fish and Wildlife Service. This
document provides a brief background on watershed conditions and issues for Cow Creek and
Mill Creek; a description of the methods used to map and assess the condition of vegetation in
these areas; and a description of the methods useehtify priority action areas, as well as the
annotated list of recommended priority areas for riparian restoration or altered management.

This projectwasperformedasa seriesof stepswhich arethe sameandwereessentiallydone
together for each of the twaatersheds. These steps are described folloaimyiew of the
conditions in Cow Creek and Mill Creek watersheds. Briefly, these steps are:

1 Stakeholdecommunication: meet with armbmmunicate with watershed growgsd other
stakeholdersr interestecpartiesin Cow CreekandMill Creekwatershed# orderto learn
about key issues, existing information, and private lands access.

1 Reconnaissance field survey: Travel across both watershégsn aboutccesgo areas,
surveythe rangeof vegetatiortypesin thewatershedsandgathergroundphotcsignatures
of different vegetation types.

1 Preliminaryvegetatiormapping:Developdraft vegetatiormapsof riparianvegetatiorand
adjacent upland vegetation in the delineated project areas for both watersheds.

1 VegetatiormapaccuracyassessmenEield checkdraft vegetatiortypesandcollect
information on riparian conditions for condition assessment.

9 Finalvegetatiormapping:incorporateadjustment$rom accuracyassessmeitd refine
vegetation types for final vegetation map.

1 Riparianconditionsassessmentsefield data,jmagery,andotherancillaryinformationto
assign condition ratings to reaches in both watersheds and incorporate in a GIS shape file.

1 Recommendation®r priority actionareasiJseall of theaboveinformationaswell as
reports, input from stakeholders, and other sources to develop an annotated list of
recommendations for high priority restoration areas and actions in both watersheds.

April 14,2015 Stillwater Science:
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COW AND MILL CREEK RIPARIAN ASSESSMENT
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COW AND MILL CREEK RIPARIAN ASSESSMENT
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2 BACKGROUND

2.1 Cow Creek

Cow Creek is a tributary to the Sacramento River in Shasta County, California. Its watershed
covers over 430 square miles (275,000 acres), and includes over 164 river miles along six major
tributaries that span in elevation from 350 to 7,400 ft. The major tributaries to Cow Creek flow
generally east in a palmate pattern off of lower elevation volcanic mountains in the southern
Cascade Range between Mount Lassen and Mount Shasta. These tributaries join just south of
Shasta reservoir along tw Creek mainstem. Water flows fradbow Creek are important for

the UpperSacrament®iver andaccounfor approximatelyonefifth of the peakdischargeof the
Sacramento between Shasta Dam and Red Bluff (SHN and 266tt the maximum annual

peak flow reported in Cow Creek is 48,700 cfs in 1981 (USGS gage at Millville, 11374000).
Mean monthly flows peak in the winter months at ay6@r monthly mean of about 1,600 cfs
(generally November through March) and drop in the summer teya&Omonthly mean of
about40 cfs (generallyJuly throughSeptembert)SGSgagel 137400at Cow Creek; Figure2-1).

Water for this area was adjudicated by 1937 for Little Cow Creek, Oak Run Creek, and Clover
Creek, and by 1969 for Old Cow and South Cow creeks (SHN and Vestra 2001). Riparian and
adjudicated rights fully allocate summer stream flows; currently, none of these rights have
associated instream flow requirements. Many diversions occur along Cow Creek mainstem and
its tributaries; those known to divert over one cfs are listed from SHN and Vestra 2001:14 along
Cow Creekmainsten(includes 83% of total fahe mainstem), 7n Little Cow Creek(includes

64% of total forthis tributary), 2 in OalRun CreeKincludes 80% of total fathis tributary), 6in

Clover Creek (includes 76% of total for this tributary), 17 in Old Cow Creek (includes 95% of
total for this tributary), and 18 along South Cow Creek (includes 76% of total for this tributary).

1,800

1,600

1,400 \

1,200 \

1,000 \ /
800 \ /
600 \ /

400 \ /
200 \ /

0 T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Mean monthly discharge (cfs)

Figure 2-1. Meanmonthly discharge recorded at USGSjage 11374000 onmainstem Cow Creek,
roughly 2.3 miles upstream of the confluence with the Sacramento River. The 64 yr
flow record extends from 1950 through 2013.

ThebedrockunderCow Creekwatersheds composeaf severalayersof volcanicrock ontop of
variouslyaged marine andorrmarine depositgjver terraces andlluvium (Helley and Harwood
1985). Along with other broad scale differences in climate thatccar with changes in

April 14,2015 Stillwater Science:
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elevation, five types of parent material, the Tuscan Formation, the hard Red Bluff pediment, the

Bully Hill Rhyolite complex, the Chico Formation, and Tus@ahama sediments dictate major

variationsin thetype,distribution,anddisturbanceesponsesf riparianvegetatiorin Cow Creek

watershed. The Tuscan Formation covers the greater extent of upper Cow Creek watershed and
wascreatedhreeto four million years befor@resenby a seriesof volcanicmudflowsreferredto

as Ol ahar so; these are mixed with congl omerat e,
flow in the Tuscan Formation (Helley and Harwood 1985). The Tuscan Formation is the oldest

volcanic material in the Mount Lassen area and is a limited source of groundwater for the North
Sacramento Valley (Turner et al. no date).

Some areas of the Tuscan formation are capped with the Red Bluff Pediment, seen as red gravels
overlying the finer grained and more lightly colored sediments of the Tuscan Formation (Helley
and Jaworowski 1985The Red Bluff Pediment is made of recent and resistant volcanic material
(0.45 to 1.08 million years before present) and forms hardpans which act as aquicludes that
prevent surface water from percolating to the deeper subsurface groundwater (Helley and
Jaworowski 1985). Farther north within Cow Creek watershed, the older Bully Hill Rhyolite
complex covers miglevation portions of Little Cow Creek and patches of Oak Run and Clover
Creek tributaries. This complex includes soft and hard materials that are subject to erosion and
include sulfide ore which is rich in metals such as copper and mercury. The Afterthought Mine
accessed these sulfide ore deposits and an ore transport tunnel from the mine that intersects with
Little Cow Creekhasbeena sourceof aciddischarge thaffectsdownstreanwaterquality (SHN

and Vestra 2001). The mine is no longer operational but water quality concerns remain an issue.
Most of the lower portions of Cow Creek cut through the Tuscan Formation to the Chico
Formation in their migeaches. The Chico Formation is exposed in less than 10% of the
watershed area and is composed of marine sandstone, shale and conglomerate laid down during
the Cretaceous Period (66 to 145 million years before present). Land sliding and high rates of
sedimeninput, aswell aswaterfalls,occurattheseknickpoints,locatedat approximatelyl,000ft

above MSL, where the creeks cut through the Tuscan Formation to the sedimentary material of
the Chico Formation (SHN and Vestra 2001). Farther west, the rivers flow through the
Quaternary sediments of the eastern Sacramento Valley.

Urban and suburban residential land use is prevalent along the mainstem and lower reaches of
SouthCow, Old Cow, andOakRuncreeks Rangelandslominatethe mid andlower portionsof
the watershed while private and public forests cover the watershed at higher elevations.

Cow Creek supports fatun and late fattun Chinook salmon, and steelhead, as well as resident
rainbowtrout (SHNandVestra2001,Entrix 2007).The Cow CreekWatershedManagemenPlan
(Western Shasta RCD and CCWMG 2005) states that elevated water temperatures in the mid to
lower reaches of the tributaries (vs. the mainstem) could be limiting fish populations, particularly
for adult passage, spawning, and juvenile emigration. Findings from a water quality monitoring
study from June 2004 through November 2005 indicate temperatures were ab{@&sIr)

from early June through early October in the lower tributary reaches and the mainstem; whereas
stream temperatures were generally below that threshold throughout the monitoring year at
locations above 2,000 ft elevation (Hannaford and Western Shasta RCD 2006).

The importance of a healthy and wedigetated riparian corridor, which can help maintain cool
water temperatures and provide juvenile salmonid rearing habitat , as well as habitat for other
native fish, amphibians and native riparian birds, has been articulated in the Cow Creek
Watershed Management Plan (Western Shasta RCD and CCWMG 2005); the plan also calls for
riparianvegetationnventory,mappingandconditionsassessmermspartof establishingpaseline
conditions and for targeting conservation and enhancement actions in the watershed.
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2.2 Mill Creek

Mill Creekis 65 miles longnd flows froman elevation of 8,200 ft through meadows fordsts

off the western flank of Mount Lassen, then through a long, narrow canyon that includes part of
the Ishi Wilderness Area. It emerges from the canyon and flows across the Sacramento Valley
floor before joining the Sacramento River near the town ofMokinos. The entire watershad

134 squaraniles(85,760acres) Meanmonthlydischargeangedrom about 47%fsin thewinter
months(JanuarthroughMarch)to 100cfsin thesummer (JulfhroughSeptemberjFigure2-2).
Annual peak flows over the 85 year period of record range from 430 cfs to 91,400 cfs in
Decembef006(this valueis anestimatesinceflows werewell abovethe gageheightatthetime)

and average 7,252 cfs. The next highest annual peak flow occurred in December 1937 at 36,400
cfs as recorded at USGS gage 18020103, which is located a little over 5 miles east of the
Sacramento confluence. The high upper elevations translate to snademétiated spring flows

with occasional raion-snow events during the winter (USDA Forest Service 1998). Two
geothermal hot springs contribute approximatelylB%6 of the annual stream flow from above

the Highway 36 crossing (USDA Forest Service 1998).
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Figure 2-2. Meanmonthly discharge recorded at USGSjage 11381500 onmainstem Mill Creek,
roughly 5.1 miles upstream of the confluence with the Sacramento River. Flow
record is 85 years, from 1929 through 2013.

Two diversion dams currently exist along Mill Creek, both of which are operated by the Los
Molinos Mutual WaterCompany A third diversiondam,operatedy CloughandOwensranches,
was removed in 1997 (USDA Forest Service 1998).

Theheadwatersf Mill Creekcutthroughanancientstratoconevolcano,composeaf andesitic
lavas and pyroclastic deposits which partially convert to clay when exposed to hydrothermal
activity associated with the volcano (USDA Forest Service 1998). These areas of higher clay
content have relativellyigh erosiorratesandarethe sourceof fine sediment loadingnto upper

Mill Creek (USDA Forest Service 1998). The upper portions of Mill Creek were shaped into a
glacial valley over 10,000 years before present, where largewsasing processes, including
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landslides and debris flows in colluvial hollows, have occurred in the recent past and are
associated with large precipitation events (NMFS 2014, USDA Forest Service 1998). These
volcanically derived rocks in the upper Mill Creek watershed are part of the Tuscan Formation
thatcoversmostof upperMill CreekwatershedAreasof Mill Creekwatershedrealsooverlain

with rhyolite deposits that form plateaus. Andesitic plugs form hard features in Mill Creek,
includingBlack Rock and an intrusioaf the Tuscan Formatiathat runs approximatelyarallel

to the Creek (northeast trending; USDA Forest Service 1998).

Mill Creekcutsthroughthe TuscanFormationto the ChicoFormationatthe outletof thecanyon

6.7 miles east of the Sacramento River confluence. The Chico Formation, composed of marine
sandstone, shale and conglomerate, is exposed in less than 10% of the area but these areas are a
source of land sliding and high rates of sediment input to Mill Creek (USDA Forest Service
1998). Mill Creekflows over the Quaternagediments of the eastern Sacramento Valley before
joining the Sacramento River near the town of Mugdinos. Mill Creekcuts through a cemented
alluvial fan justwestof thecanyonmouthfor approximatelyt milesit runsalongafairly straight
channel within an old inset floodplain constrained (and partially shaded) by old terrace gravels
(Kondolf et al. 2001). For the 2.5 miles just upstream of the Sacramento confluence, Mill Creek
flows through recently deposited and more erodible alluvium that has in recent time
accommodated channel migration and the formation of distributary channels (Kondolf et al.
2001).

Mill Creeksupportoneof themostimportantrunsof self-sustainingspringrun Chinooksalmon

in the Sacramento Valley. Fallin Chinook, Central Valley steelhead, and Pacific lamprey also
occurin Mill Creek (USFWS2014,USDA Forest Servicd998).Springflows rangefrom 800to

1,800 cfs and summer flows range from 60 to 120 cfs in this dominantly-simghael river.
Protection and improvement of riparian habitat has been identified as a priority action to help
protect and increase fish production in this watershed (NMFS 2014). Other spattialspecies
associated with riparian areas also occur in this watershed, including the willow flycatcher and
foothill yellow-legged frog (USDA Forest Service 1998). Cascade frogs were observed in Mill
Creek watershed at elevations above 4600 ft up until the 1960s, but have not been reported there
since (USDA Forest Service 1998). Since 1997, several studies to support restoration plans and
sveralrestoratiomprojects havéeenimplementedn thelower watershed TNC 1999,Mill Creek
Conservancy015);howeveracomprehensiveiew of Mill Cr e egipadasisystemss neededo
ensure that future projects are as effective as possible.

3 STAKEHOLDEREOMMUNICATIONNd PRIVATELAND ACCESS

Prior to conducting any field reconnaissance, Stillwater personnel attended watershed group
meetings for Mill and Cow Creeks to learn more about the issues in each watershed, gain
information about potential access to private and public lands and determine if any existing data
or reports were available that could inform the vegetation mapping and conditions assessment.
Stillwater also gathered information on land ownership from Tehama and Shasta County and in
theform of Exceldatafilesandassociate@|S shapefilesLargemaps(approximately x 6 ft) of

each watershed with public lands boundaries, roads, and towns were printed and brought to the
watershed group meetings as a means of focusing stakeholders on spatially specific land and
water usessuesWe met withthe Los MolinosMutual Water Companyn LosMolinos and had
severafollow-up callswith the TehamaCountyResource&ConservatiorDistrict (RCD),andThe

Nature Conservancy (TNC) regarding Mill Creek watershed. Similarly, we made fatiow
communications (phone and email) with representatives of the Cow Creek Watershed
Management Group and the Western Shasta Resource Conservation District. One of the
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important outcomes of this process was much better understanding of the key issues in the
watersheda library of reportsmaps andotherdocumentationandincreasedinderstandindrom
the stakeholder groups on the goals, timeline, and overall methods of this project.

We also usethe watershedroup meetings as opportunitimsgatheisuggestionsn land access
since95% of Cow Creekwatershecind21%of Mill Creek watershedverallis privatelyowned.
Within Mill Creek watershed these private lands are concentrated in the lower sections. The
county-provided land ownership information was used in order to identify public and private
entities and individuals with land along otherwise inaccessible areas of Cow Creek and Mill
Creek watersheds. With input from U.S. Fish and Wildlife Service (USFWS), California
Department of Fish and Wildlife (CDFW), and the watershed group stakeholders, Stillwater
developed land access permission letters and mailed them to 187 landowners in Mill Creek
watershed and 215 in Cow Creek watershed (example letter in Appendix A). fapliphone
calls and emails were made with many of the landowners and ultimately we received permission
to access 67 pieces of private property (36 in Cow Creek watershed and 31 in Mill Creek
watershed) during the summer 2013 field assessment.

4 RIPARIANVEGETATIONVAPPING

4.1 Reconnaissance

A reconnaissance of the C@veekand Mill Creekproject areas wasonducted ifdune 2012 by

three ecologists, two from AIS and one from Stillwater Sciences. The primary goals of the visit
wereto correlate vegetatiocommunities with specifiphotosignatures, tbetter understand the
relationshipbetweernvegetatiortype andenvironmentatonditionsin the projectareaandto test

and refine the accuracy assessment and conditions assessment field data collection forms. The
field reconnaissance also provided an opportunity for sharing knowledge among the AIS
vegetation mappers and Stillwater ecologists. With guidance from ecologists in the field, the
photo interpreters become familiar with the flora, vegetation assemblages, and local ecology of

the study area. At the same time, ecologists

perspective about assessing vegetation through the framework of map creation.

Priorto thereconnaissandeip in June2012,AlS photointerpreterseviewedimageryon-screen

to identify and select potential reconnaissance sites in close proximity to roads. Sites were
selected to represent different vegetation types and percent cover, as well as variations in
geography, landform, and abiotic factors such as percent slope, aspect, shape of the slope, and
elevation. AIS staff then reviewed these sites within the study area and selected the most
appropriate sites to visit for observation. Hard copy maps were created for each of the sites; the
potentialsite data werdownloaded onto Google Earth KMifes, and put onto amartphonéo

assist in field navigation. Prior to the reconnaissance, field equipment was also gathered (e.g., a
laser rangefinder, compass, high resolution Global Positioning System (GPS) handheld unit,
binoculars, and camera).

During the reconnaissance, publicly accessible areas that crew members deemed important for
study throughout the two watersheds were visited based on the list of potential observation sites
compiled by AIS. Other areas of interest encountered in transit were visited in the field as
additional observation points. Observation points were frequently taken at the transition between
vegetation types with the intent of helping photo interpreters distinguish stand edges. A single
observation point could contain information about more than one stand. It was also possible for a
givenstandto beassesseith multiple places Somevegetatiorstandsvereremotelyobservedata
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distance with the aid of binoculars. The location of these remote stands was determined using a
compass and laser rangefinder. The field crewmembers from AIS recorded each location visited
in a GPS unit and logged pertinent information on field sheets. Thus, at each location, the
following informationwasrecorded(1) dominantcanopyspeciegusingbinocularsf necessary),

(2) GPSlocation,(3) distanceand(4), for remotestandspearingto thedominantcanopyspecies

using a laser rangefinder and compass. At many observation points, the crew took digital color
ground photos. The photo number, direction the photographer was facing, and other information
about the photo was recorded on a field sheet and later input into computer files for easy
referenceForthemappingeffort, thefield data(GPSwaypointsandsite descriptionsandlinked

ground photos were essential for correlating conditions seen on the aerial imagery to conditions
on the ground. In addition, the draft data forms were tested to determine the practicality of
gathering the information (time, clarity, repeatability), and to assess how well these metrics
reflect onrthe-ground interpretations of vegetation quality. Finally, photographs were taken and
general observations on field conditions and methods were recorded.

Field notations, data, and hadcawn field maps from the reconnaissance were transcribed,
organized, and incorporated into a GIS database so that the exact location and attributes
associated with each fiel@corded vegetation type were included. In addition, the accuracy
assessmerndriparianconditionsdataform wasfinalized duringthereconnaissandesting(see

Appendix B).

4.2 Preliminary Mapping

AIS staff evaluated photo signatures and data from the initial field reconnaissance and acquired
relevant existing data in order to create a preliminary field map. AlS used aupedigtizing
technique, as opposed to image processing, for the most efficient and accurate resulgp Heads
digitizing is the process of visually examining imagery on the computer screen anrd hand
digitizing (drawingwith themouseegetatiorandcovertype boundariebasedninterpretation

of the images and other spatially explicit information. The existing Northern Sierra Nevada
Foothills (NSNF) mapping, which was completed in 2010, overlaps the Mill and Cow Creek
studyareasand aidechotointerpreters irtheir signature and biogeographical correlations to the
riparian vegetation types.

4.2.1 Materials used for mapping

Severakets ofimageryand ancillarydata were used ihe creation of the preliminamegetation

map. Since the project commenced prior to the release of the 2012 NAIP (National Agricultural
ImageryProgram) imagery, it was determined ttiebaseline imagerwas to come frorthe t

meter natural color 2010 NAIP for Shasta and Tehama County. All delineations and riparian
conditions are referenced to the 2010 NAIP Imagery. NAfreler 2012 imagery was later
addedasa supplementaimagedataseto aid in identificationof thevegetatiorbeingobservedit

should be noted that the 2012 NAIP does contain slight geospatial offsets from the 2010 base as
well as physical changes to riparian conditions; therefore, the 2010 baseline imagery polygon
delineations do not line up to the 2012 NAIP imagery in all cases.

Sometimesdditionalimagerywasneededo helpfinalize vegetatiorcodingdecisionsOnthese
occasions, online imagery from Google Earth (GE) was used. In addition, the online imagery
(Bing imagery) available through ArcGIS Online was also used when needed. The dates of the
online imagery from ESRI were unknown and variable but the dates of the imagery used in
conjunction with GE were acknowledged. Online imagery acquired through ESRI were geo
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referencedo the polygondelineationsGE imagerywasusedasafollow-ontool onanadjacent
screen. The imagery type and characteristics are summarized in Tabkdav.

Table 4-1. Imagery data sourcesusedto develop preliminary vegetation map for Cow Creek
and Mill Creek riparian project areas.

Sourcename Year Spatial resolution Color-type
NAIP (Base) 2010 1-meter NaturalColor
NAIP 2012 1-meter NaturalColor
ESRI- BING Variable Submeter NaturalColor
NAIP 2010 1-meter Colorinfra-red
GoogleEarth Variable Variable Variable

Thefollowing is alist of otherdatasetsisedby thephotointerpretetin themappingprocess.
1 NSNFEXxistingAlliance Level VegetationMap

NSNFAccuracyAssessmerointData

NSNFAIS Field Reconnaissandeoints

ESRIonlineUSA TopographidMaps

USDA ForestServiceCALVEG VegetationMaps

=A =4 =4 =4

Contour data derived from digital elevation models and supplementary information from the
USGS topographic maps are important sources of data for the photo interpreter. For this project,
the photo interpreters are the experienced team of AIS staff who translate aerial photographs or
imagesof vegetatiorinto vegetatiortype classesand,usingGlS, drawboundaries aroundistinct

areas of different vegetation types. Riparian plant communities that are defined to the Alliance
have a wide range of image signature characteristics and overlapping signatures between
Alliances can be extensive. Therefore it is necessary for the photo interpreter to have a thorough
understandingf theecological settingslopesteepnesglirectionof the slope,shapeof theslope,
position of the vegetation stand on the slope) in addition to modal elevation in which the
vegetation communities occur. These features along with substrate characteristics, flooding
frequencyandseverityarejust afew of the characteristicghat helpin definingwherea particular
vegetation type is most likely to occur in the landscape.

4.2.2 Photo interpretation

Photo interpretation is the process of identifying map units based on their photo signature. All
land cover features have a range of photo signatures. These signatures are defined by the color,
texture, tone, size, and pattern exhibited on the aerial imagery. By observing the context and
extent of the photo signatures associated with specific land cover types, the photo interpreter is
able to identify and delineate the boundaries between plant communities or signature units on a
digital imageor map. Itshouldbe notedthatvegetatiorstatureaswell asthe scaleandresolution

of the aerial imagery determine the visibility of individual plants. Trees and shrubs are usually
visible as individuals on high resolution digital imagery. However, grasses (other than bunch
grass clumps) are rarely seen as individual plants.

Environmental factors such as elevation, slope, and aspect also play an important part in the
photo interpretation decisiemaking process. Knowledge of these factors, and how plant
communities respond to them, guides a photo interpreter in choosing from among the various
vegetatiortypeswith similar photosignaturesUItimately, suchknowledgeenablevegetation
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mappers to create biogeographical models of expected vegetation communities that can be
applied when the vegetation types are indistinct on the imagery. This ecological approach
produces a more accurate product than would be created by relying solely on extracting
informationfrom theimagery,whichis subjectto variationsin clarity andgroundconditions.

Vegetation types were mapped using the National Vegetation Classification System (NVCS) to
the Alliance level, as depicted in the second edition of the Manual of California Vegetation,
whenever possible (Sawyer et al. 2009). A separate classification system (W&ia8ow
Hydrogeomorphidypesfor the SierraNevada an&outhernCascadé&kangesn Weixelmanetal.
2011) was incorporated into the effort for classifyimgher elevation meadows above 4,500 ft in
the upper reaches dflill Creek watershed. This system was used for classifying herbaceous
vegetation that could not reliably be assigned an Allidecel floristic type using remotely

sensed techniques. Meadow types were categorized into generalized moisture regimes, water
sources and gradients.

Thedetaileddescription®f eachvegetatiortype mappedn the studyareafoundin AppendixC,
include examples of the types of information the photo interpreters incorporate into their
understanding of the models. Some examples of these models include how one Alliance may
favor broad floodplains, while another is found in the immediate fringe of narrowdlefatied
channels. Some Alliances may flourish on disturbed sites, while others cannot tolerate the lower
temperatures at higher elevations. And, some Alliances are ubiquitous and found in a variety of
settings. The descriptions also discuss the importance of various plant species in the Alliance.
Frequently, complicated relationships exist between the relative covers of plants, such as in
Alliancesnamedor indicatorspeciesavinglower percenttoverthanotherspeciegpresent.
Thus,bothenvironmentaettingandrulesregardingelativecoverfactorinto theintelligent
delineation of vegetation polygons.

During the photo interpretation process, it is common for photo interpreters to encounter areas
that have questionable or confusing photo signatures. These polygons were flagged for ground
observatior{referredto asfield checks) duringhe 2013verificationeffort. Listedbelow arethe
consistenthyoccurringdifficulties photointerpreterencountereduringthe productionmapping
process:

1 Mill Creek:Elevationbreakbetweerwhite andmountainalder(AlnusrhombifoliaandA.
incanassp. tenuifolii

1 LowerElevationgCow CreekandMill Creek):Signatureand/orfurtherbiogeographical
distinctions between red, black and arroyo will&al{x laevigata, S. gooddingindS.
lasiolepig.

1 Furthersignatureandbiogeographicatorrelategor Oregonashandbox elder(Fraxinus
latifolia andAcer negundp

1 Distinctionsbetweenrrigatedpasturelandandotheragriculture

Upon completion of the preliminary mapping for both Cow Creek and Mill Creekiay Beld
verification effort was undertaken. This field verification was designed to validate the overall
accuracyof boththedelineationsaandfloristic assignmentandto addresshefour issuesoutlined
above.

4.2.3 Field verification

Findingsfrom this 3-dayfield verificationarepresentedbelow.
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1 White and mountain alder were seen in close proximity to each other at approximately
4,200ft in Mill CreekwatershedSeveralargepolygonsin theregiondepictedmnountain
alder in its characteristic shrubby stature. Adjacent stands of white alder were in tree
stature form only slightly smaller than stands at lower elevations.

9 Distinctions between black and red willow remain extremely difficult with geographical
settings overlapping considerably. Black willow was observed to prefer stream courses
with agentlergradienton broadeffloodplains.Arroyo willow alwaystendedo occurasa
tall shrub with a consistent height across the canopy.

1 Box elder tended to have a brighter green signature than other hardwoods; stands were
observedn limited settingsandwerealwaysvery small. This speciesvasnotedmostof
thetimeto occurasacomponento otherhardwood Ripariamlliances.Oregonashwas
also observed as a componenotioer Riparian Alliances but occasionalias noted in
small stands in extensive riparian ecosystems in Cow Creek watershed.

1 Nearlyall herbaceousrigatedagriculturetendedo be pasturelands.

4.2.4 Mapping process

Just as the use of biogeographical models by experienced photo interpreters contributed to the
production of a higiguality vegetation map, the use of reliable mapping procedures allowed for
themapto be producedn ahighly efficientmannerFor example the studyareawasdividedinto
seven modules. This expedited project work flow by enabling several staff members to work on
the mapping effort simultaneously.

Usingan onscreerheadsup digitizingmethod, the photo interpreters ratdheir disposal a suite

of standarc&andcustomArcMaptoolsto facilitatethe creationof polygons. Thehotointerpreters

generally viewed the imagery at scales ranging from 1:1000 to 1:4000. They used variations in

the color, texture, shape and shade patterns 1in
separatin@reasf differentvegetatiortypesand/ordistinctcategorie®f percentcoverof several

stature levels. To assist in boundary placement and coding decisions, photo interpreters also

referenced supplemental imagery, field reconnaissance data, and other ancillary data. These

sources were displayed in the ArcMap session as needed.

TheVegetationrMappingClassifications locatedin AppendixD. A custommenu enabledode
values for different vegetation attributes to be assigned efficiently, minimizing the possibilities
for entryerrors.The vegetatiomodes were entered asmeric values, which aeasierto input

and manipulate than alphanumeric codes. Numeric code values also allow for the hierarchical
grouping of like vegetation communities, assisting the mapper to know at a glance which
Alliances are found in a particular hierarchical grouping. Once the geodatabase neared
completion, the numeric code values were correlated with the actual vegetation type names.
Ditcheswereaddedo thelinearfeaturesaftertheinitial vegetatiorpolygonswerecomplete.

The modules were edgratched and checked for invalid codes and topology errors. Once
finished,thesevencompletednoduleswverejoinedinto two seamlesgeodatabasgsnefor each
watershed)Thegeodatabaseseresubjectto furtherprocessingedgematchchecksandreview
by a senior staff member before being delivered to the client. Quality control procedures
implemented during the mapping effort and before final delivery of the data improved the
consistency and accuracy of the overall geodatabase.
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4241 Mapping criteria

As discusse@dbove appropriatéoolsandreference sourcephotointerpretatiortraining,and
knowledge of vegetation communities are all essential in creating a quality vegetation map.
However, without the establishment and refinement of mapping criteria, a given vegetation map
could be riddled with discrepancies, as different photo interpreters approach the task with
different assumptions and styles. Guidelines and rules regarding exceptions, special situations,
and minimunteature size are discussed and disseminated to all staff members before and during
the mapping effort. This creates a clear and consistent product. Establishing criteria also makes
themappingprocessnoreefficient, asindividual photointerpretersio not haveto pauseoolong

to consider how best to capture the more commonly occurring ambiguous situations that are
confronted.

4242 Mapping attributes

Thefollowing sectiondescribegachof theattributesmappedor theall of thevegetatiorwithin
the defined study area.

Pl

Thisis the 4 digit codethatcorrespondso avegetatiortype (mappinginit, Alliance or Group

level) or miscellaneous class (e.g., urban disturbance, water) in the Vegetation Mapping
Classification. The PI attribute is assigned to all the vegetation polygons in the geodatabase.

Eachvegetatiortypeis describedn AppendixC andthe VegetationMiappingClassificationis
presented in Appendix D.

Vegetation mapping considerations

Whenthe photointerpretercouldnot confidentlyclassifya polygonat the Alliance level, or the
vegetation was a mix that didnét fit into an Al Il
assigned a broader Group level code. This did not happen frequently, but in certain instances,

unknown vegetation stands were assigned to a group level in the NVCS hierarchy.

For vegetation mapping, a minimum polygon size is an important consideration when creating
andviewing avegetatiorgeodatabasé minimummappingunit (MMU) is establishedo ensure

the map contains polygons of a workable, meaningful size. The choice of an MMU is influenced
by theclarity of theimagery the detail ofthe mappingclassificationthe purposeof thedata,and

time and budget constraints. MMU can vary for different categories of features being mapped.
The StatewidemappingcriteriahaveestablishedlifferentMMUs dependingntheareabeing

mapped (e.g., Desert mapping MMUs are different than Sierra Foothills MMUS).

For this project, there were two established MMUs: 1 acre for upland3.adre for special
andwetlandfeaturesBasedon discussiongluringfield reconnaissancandspecificprojectclient
needs, AIS optetb map belowhesdimitationsin wetlandand riparian settings wheséructural,
floristic andor ecologicalcharacteristicsveresignificantlydifferentfrom the adjacentwegetation.
Some examples of mapping below the MMU include:

1 Riparianvegetatiorexhibitingdistinctboundarieshatoccurredn differentgroupswithin
the hierarchy, such as a break between a stand of Oregon ash and Fremont cottonwood.

1 Mostriparian,wetlandandwaterfeaturesdooundedoy uplandtypes

The establishment of an MMU requires the need for making rules for aggregating stands that
coverareasmallerthanthe MMU. In generalsimilar life formsareaggregatetibogethertree
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dominated types are aggregated with otherdi@ainated types, shrub types with other shrub
types, and herbaceous types with other herbaceous vegetation types. However, if possible,
wetlandvegetatiortypesarenot aggregatedavith uplandtypes,evenif theyarein thesamédife

form. Another guideline used is when a vegetation unit below the MMU in size is aggregated
with the vegetatiotype that completelgurrounds it. Finally, i vegetation unit thas below
MMU is thesamdife form astwo adjacentargerstandsandtheadjacent stantypesare very
dissimilar in environment, the unit may be aggregated with the more similar adjacent type.

In addition to establishing MMU size, guidelines were established for the minimum width (MW)

of a map polygon. The rule of thumb was to make the MW roughly half the width of an MMU

square. For the -&cre MMU, the MW is approximately 70 feet and for thecte MMU, the

MW is approximatel35feet. The appropriattMUs were stillobservedT hi s gui del i ne di
precludethe creationof polygonswherea smallsectionfell belowthe minimumwidth, aslongas

the greater portion of the polygon met the stated criteria. This is most common when a narrow

stream or riparian polygon was mapped and areas below the MMU or MW thresholds were also

mapped in order to keep the continuity of the stream or riparian vegetation. As mentioned above
regarding overall MMU, AIS opted to map below these limitations where structural, floristic and

or ecological characteristics were significantly different from the adjacent vegetation.

Another type of mapping consideration pertains to sparsely vegetated or nonvegetated areas.
Polygons assigned to a floristic type in the NVCS often contain small areas of unvegetated
surface that are too small to delineate. These sparsely vegetated to nonvegetated areas were not
codedin thedatabase@nlesgheymetthe minimummappingresolutionandcouldbe mappedas

separate polygons. The most common examples are the small riverine flats and point bars
occurring along the channels throughout the Mill and Cow Creek watersheds.

Percent cover attributes
Thepercentoverattributesncludethefollowing:

1 DensityConifer

1 DensityHardwood
9 DensityShrub

1 DensityHerbaceous

Percent cover, also referred to as density, is a quantitative estimate of the aerial extent of the
living plantsfor eachvegetatiorlayermappedvithin astand.Percentover,basednabirdseye

(what a photo interpreter can see from the sky looking down) view, is the primary metric used to
guantify the importance or abundance of a life form and/or species.

Thepercentcoverwasestimatedseparatelyor conifer,hardwoodshrubandherbaceousover.

To determinghevegetativadensity photointerpretersassignegercentaget thedifferentlife
forms visible on the imagery, including neagetated areas. The cover percentages were then
converted into the appropriate cover category for each of the life forms being mapped. For
example, if a conifer densityas 5%, then it was assigned the range 802 These values are
listed in Appendix E.

Photo interpreters formed separate polygons when there were changes from one cover class to
another within a vegetation mapping type. A given vegetation polygon would have been
subdivided due to cover differences regardless of which strata the cover difference occurred in.
Forexampletwo adjacenpolygonsin thegeodatabasmayhavehadthesameshrubvegetation

type assigned but different cover categories for conifers (for exaniiég 2ersus <2%).
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Most standardized vegetation mapping efforts have a set of criteria regarding percent cover. The
Mill CreekCow Creekprojectfollows thesamecriteriaasthe CA Statewidecriteria,whereallife

form generally needs to account for at least 8 to 10 percent cover in order for an Alliance of that
life form to be mapped.

Percent cover mapping considerations

It is important to note that the photo interpreters could only accurately quantify the vegetation

that is visible on the aeri al i magery. Therefor e
mapped. Thus, the cover of understiayers which were obscured by overstlayers was not

included in this analysis. For this reason, the total percent cover of understory vegetation in a
standmaybeunderestimated its extentwashiddenunderthe crownsof trees,andthe mapped

percent cover attribute value may differ from assessments done on the ground.

Stands of riparian vegetation, adjacent conifer and higher elevation hardwood or mixed forests
often have dense overstory cover, exceeding 60%. Where the overstory cover exceeded 40%, it
was considered too dense to give a reliable estimate of lower tier canopy or understory percent
cover. In these situations the casigned for percenbver for the understotife forms would
begivenavalueof fi N applicable/Not s s i drhissahtecriterionwasusedin the Statewide
mapping effort. For example, if the conifer tier cover exceeded 40%, then the other tiers below
(hardwood and shrub) were not evaluated for cover. If the conifer tier cover was <40% but
together with the hardwood tier the combined cover was > 40%, then the shrub cover was not
estimated. Appendix E includes tables that present the ranges of percent cover used for each of
these categories, along with any relevant notes.

Thedatethatthe aerialphotographymissionis flown influencesthe percentcoverassignedo
vegetatiortypes.Subsequerfield reconnaissancandfield verification efforts musttakeinto
consideratiorthefollowing factors thatancause appareiuiscrepancies betwede percent
cover evident on the imagery and percent cover seen in the field:

9 Seasonalit§ Thepercenttoverof mostplantsis variabledueto their annualgrowthcycle.
Depending on whether the aerial imagery was taken during the wet season or the dry
season, a mapped unit could show a different percent cover on the aerial imagery than is
observed during an esite visit at a different time of the year. Differences in leafiness
(cold deciduous, drought deciduous) can affect plant cover determinatiororieaf
conditions obscure the understory. Imagery of-tdatonditions would allow photo
interpretation of the understory, but make it difficulidentify the overstoryspecies since
there is no foliage present.

1 Annual variabilityy The environmental conditions at the time of the imagery (wet vs.
droughtyearsflooding, etc.)mayaffectthe percentcoverseenduringthe on-sitefield
visits.

Field check

The field check attribute was used to indicate a polygon that could not be assigned a vegetation
type by photointerpretersisingimageryalone.Thesepolygonsrequireda groundsite assessment

of the vegetation stand in question. The polygons were flagged as a question for the subsequent
verification effort.

Comment
This field is considered a catelfl for significant information regarding a polygon and generally
containdl v a & di @ exforinationthatcannotbe statisticallyquantifiedby the photointerpreter.
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An exampleof thisfi v a & di @ enfdrinationis the photointerpretemotingpredominanspecies
present in the stand other than the characteristic species of the vegetation type being mapped.
Many of the upland conifer standsthe Lassen Parontain comment information whiadan be
used to define the polygon to an association within the specified Alliance. The most common
examples being the presence of pinemat manzaitédosStaphylos nevadensisnder a canopy

of redfir and/orwesternwhite pinewhich would allow the usersof the mapto definethesestands

to higher (association) level within the NVCS hierarchy.

Modal height

Thisis theonly field in thedatabaséhatwaspartially modeledoasedn otherattributesof the
vegetation. Height category values were initially assigned based on the floristic (Alliance)
assignments to the vegetation polygons. For example, the white alder Alliance was assigned a
value in the database as a categoryi % {Beters). It was determined upfront (based on field
reconnaissance and initial mapping effort) that most of the white alder stands in the study fell
within this height category.

Modal height assignments were assigned subsequent to the initial interpretation of the vegetation
polygons. After the initial height values were assigmpddtointerpreters systematicatigviewed

the polygons for trends toward taller or shorter stature stands. Very small stands of white alder in
areas of higher fluvial disturbances tended to be reassigned to lower height categories, while
thosein morematuresettingsoftenadjacento valley oakor Oregonashwerefrequentlyassigned

to a height category of 5i(50 meters).

Canopy overhang

It was determined early on in theapping effort that photo interpreters could, with consistent
reliability, attribute the canopy shade cover of all the major tributaries and main channels in the
study area. It was also agreed upon between photo interpreters and riparian ecologists that this
would provide a valuable tool the gualityassessment of the riparian conditions of the channel.
Resolution from ancillary sutneter imagery provided a view of overhanging vegetation in
relationto the edgeof the activestreanchannelndhow far beyondthechannekedgethe canopy
extended. The resultant value was a function of the canopy density and degree of overhang into
the channel from the main stem of the plant. The output values are categorized into five broad
classes, including a value to indicate when the streambed is completely obscured by the
overhanging vegetation. Due to the dynamic nature of riparian vegetation and resolution of the
imagery, it is not possible to distinguish these categories into finer levels in this remote sensing
effort. Examples of canopy overhang delineations are provided in Appendix F.

4.2.5 Mapping meadows

With guidancdrom Stillwater Sciencecologistsphoto interpreterasedcomponentsrom the

USDA Meadow Hydrogeomorphic Types for the Sierra Nevada and Southern Cascade Ranges
field key to produce a simplified meadow classification scheme to use in theofighé higher
elevation meadows in the upper Mill Creek watershed (Weixelman et al. 2011). This
classification was also used in the verification effort to help classify the meadows while in the
field. After the verification effort, corrections were made to the map, high elevation meadows
were defined and the final database was checked for GIS related errors and topology.

4.2.6 Quality control and delivery of the final draft product

Quality control steps were used throughout the duration of the project in order to make sure the
mapfollowed setguidelinesandconsistencyamongthe photanterpretersOncetheinitial photo
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interpretation phase was completed, a comprehensive quality control was performed by a
differentphotointerpreter Checkswerethenrunfor invalid vegetatiorcodesjnvalid densities

for each life form, and topologselated problems. Quality control checks for illogical coding
combinations were also run on polygons. After the final changes from the field checks were
implemented into the geodatabase, one last round of quality control checks were run on the
geodatabase before it was delivered to the client.

4.2.7 Draft vegetation map

Small ditches, which are too narrow to depict as polygonal units, were identified as linear
featurestheseandicatewaterdiversionfrom existingnaturalchannelsn themappingarea.The

draft vegetation map, with an additional layer of mapped irrigation ditches, was subsequently
delivered by AIS to Stillwater Sciences for the final Accuracy assessment. Results from the
accuracyassessmentereusedo updatethe vegetatiormap.Final correctionsaandrefinements
were made to any remaining incorrect trends not noted previously in the verification effort.

4.3 Vegetation Map Accuracy Assessment

After completing the reconnaissance and preliminary vegetation map;veetofield survey
wasperformedaccordingo CDFW protocolsto improvetheaccuracyof thefinal vegetatiommap

and to gather information on riparian conditiorcludingoccurrence and distribution of invasive
nortnativeplantspeciegCDFW 2008,Meidinger2003).In this sectionwe describethefield and

data analysis methods used to perform the accuracy assessment for the draft vegetation map for
the Mill and Cow Creek project areas. We also present the results of the accuracy assessment. As
discussed previously, the degree of match between the 2013 field assessment points and the draft
vegetation map reflects the accuracy of these maps in relation to the current vegetation.

4.3.1 Field survey methods

Assessment points were pselected from the preliminary vegetation map using a stratified
random sampling design. The project areas within the two watersheds were stratified into
accessiblandnonaccessibléandsbasednwherelandownergrantedaccesgor the surveyand
publicly accessible areas (see Section 3.0 Stakeholder Communication and Private Lands
Access). Accessible areas were then stratified by vegetation type. Although we attempted to
target at least five assessment points per major vegetation type within each watershed; this was
not possible for all major vegetation types within the accessible areas. Agricultural fields, urban
areas, and open water areas were excludedtfremandonsamplingprocess because these land
use types are readily identifiable during aerial imagery interpretation and it was not considered
necessary to verify them in the field. This process resulted in the selection of 200 and 54
vegetatiompolygonsfor thefield assessmermh Mill andCow Creeksrespectively. Thaccessible
polygons included representation of all of the vegetation types mapped in 1% or more of the
polygons in Cow Creek except Canyon Live OQkiércus chrysolepjsand all but buckbrush
(Ceanothus cuneatysblack oak Quercus kellogg)i Ponderosa pinie Douglasfir (Pinus

ponderosa Pseudotsuga menzigsind several meadow types in Mill Creek. Not all 254
polygons could be sampled during the field survey, but all selected polygons were retained to
provide survey crews the flexibility to select alternate assessment points, as needed, based on
field conditions.

Prior to the field assessment survey, field equipment was gathered (e.g., laser rangefinder,
compassGPSunit loadedwith pre-selectechssessmemtoints,binocularstabletwith roadmaps
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andaccessiblareautlined,andGPSenableccamerajandfield basemapsanddataformswere
prepared. The field assessment polygons were printed on field base maps with 2012 NAIP aerial
imagery background to help guide field crews. Although field base maps showed preliminary
vegetation polygon boundaries, they were not labeled with the preliminary vegetation type to
preclude bias during the field assessment survey (Meidinger 2003, CDFW 2008).

The field team consisted of two experienced plant ecologists. They used field base maps, and a
tabletwith roadmapgo navigateto pre-selectecassessmemolygons with the goalof sampling

as many of the preelected assessment polygons as possible during thedalosurvey. If an
assessment polygon was considered to contain more than one vegetation type with a minimum
size of 0.5 acre, the field crew divided the polygon as appropriate and collected data for the
polygon that appeared to best represent the original assessment polygon.

A standof vegetatiormostrepresentativef the pre-selectechssessmemtolygonwaslocatedand
sampled using a strealined version of the CNPS and CDFW rapid assessment protocol (see
Appendix B; CNPS/CDFW 2011). At each point, the dominant plant species by strata were
recorded, along with the species age code and percent cover. Other information collected, as
summarized in the data form provided in Appendix B, included: landscape characteristics
(longitudinal connectivity and adjacent land use); stream shade characteristics (vegetation over
hang, percent of channel shaded, dominant canopy height); floodplain connectivity (channel
gradient, flood frequency and extent, structures that impede flooding); and evidence of
disturbance and special features (human disturbance categoriestopimgcaphy, soil texture,

fluival surface type, presence of emergent wetlands, gravel bars, oxbows, shags, and eroding
cliffs) and a field assessment of stand Ohealth¢
point to document site conditions, and the vegetation type, to the Alliance level, was determined
using MC\+2 membership rules and recorded on the data form (Sawyer et al. 2009). Finally, the
boundary of the assessment polygon and surrounding polygons were revised on the field base
maps where appropriate based on field observations. The vegetation type of any observable
surrounding polygons was determined using Sawyer et al. (2009) and recorded on the field base
maps and/or data forms.

In addition to the stratified random sample of pointsg@kected for the field assessment,
dominant vegetation types of other polygons were also noted as encountered in the field. These
notationswererecordednthefield maps,andthentranscribednto aseparate dateolumntitled

A

6map notesd in the geospati al dat abase.

Back in the office, data forms were checked for completeness, entered into a Microsoft Access

database, and a thorough quality assessment/quality control (QA/QC) was performed on the data

prior to analysis by a third party to ensure that all of the data were correctly entered into the

database. Any vegetation polygon boundary revisions were scanned and digitized into a revised

version of the draft vegetation map. Assessment locations were downloaded from the GPS units

into a GIS databaseDigital photographsverearchivedinto folderslabeledby date.For eachAA

polygon, the draft final call on vegetation type was reviewed by Stillwater senior riparian

ecol ogi st and any changes from initial Aifield ce

4.3.2 Field survey results

During the field assessment survey, 80 polygons were sampled using the modified CNPS and
CDFW rapid assessment protocol (38 and 42 for Cow Creek and Mill Creek, respectively; see
Table 42 and Figures4 and 42). In addition, map notes for 104 and 66 polygons were also
recordedn Cow CreekandMill Creek respectivelyThus,dominantvegetatiortypesonatotal
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of 250vegetatiorpolygonsweregroundtruthedfor theaccuracyassessmenthisamountdo 1.6
and 2.7% of the total number of polygons mapped in Cow Creek and Mill Creek project areas,
respectively.

Table 4-2.Number and type of data points collected in the field assessmentsurvey for the
accuracy assessment in Cow Creek and Mill Creek project areas.

Data type Cow Creek Mill Creek All
Field accuracyassessment
point 38 42 80
Map note 104 66 170
Total 142 108 250
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4.3.3 Accuracy assessmentscoring

Thefinal vegetatiorntypesassignedo thefield accuracyassessmemnd mamotepolygonswere

lined up with the draft vegetation map classes to compare the draft classifications to the field
observed classifications. Stillwater applied t he
Woodcock and Gopal 2000) framework used by the CDFW Vegetation and Mapping Program

with guidance from program leads, Todd Kealolf and Diana Hickson, in order to score the

accuracy of each vegetation type classification in the draft vegetation map. Scores are assigned

based on the degree of similarity between the-ieltiand the draft map vegetation type

assignments. Accurasgores range frof (norelationship between field and drafiap classes)

to 5 (draft map completelypatches field call class). The rank scoring and rationales for each are

detailed in Table 48 below.

Table 4-3. Fuzzylogic scoring rules for accuracy assessmenton Mill and Cow creeks.

Reasonfor score Score
Photainterpreter(Pl) completelycorrect
CorrectGroupOR nextlevelupin hierarchy
Threshold/transitiobetweerPI call andFinal call
CorrectMacroGroupOR nextlevelupin hierarchy
Basedon closeecologicalsimilarity
CorrectDivision
Soméfloristic/hydrologicsimilarity
Correctonly atLife Form
No similarity aboveFormationandincorrectLife Form

Ol |N[IN|WlW| |01

4.3.4 Accuracy assessment results

Map notesandfield accuracyassessmemtointswerereviewedandsevenwverethrownout dueto
uncertainty in field calls. Thus, fuzzy logic scoring was applied to 108 polygons in Mill Creek
watershed and to 136 polygons in Cow Creek watershed for a total of 244 AA polygons; these
include both the map notes and the more detailed field accuracy assessmentThos#s.

vegetation types for which there were at least three AA polygons were included in the
assessment. There were 24 such types, as listed in Fdbkevérage AA scores for these draft
vegetation types range from 3.33 to 5.00 and altogether average a score of 4.48 out of 5.0, or
89%. The accuracy varied among vegetation types; with perfect accuracy for irrigated pasture,
urban areas, ponderosa and canyon live oak forests, nearly perfect mapping for valley oak, white
alder, and narrowleaf willow, and more uncertainty in mapping red vs. arroyo vs. mixed willow
thickets, and areas dominated by invasive Himalayan blackberry. Other riparian vegetation types
observed only in one or two field polygons scored either a 4 or 5, inclddimglo donaxwet

and dry meadows, Gooddingbés will ow, Lemmonods wi l
cottonwood.
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Table 4-4. Vegetation types with 3 or more field observations and associated accuracy
assessment scores for Mill and Cow Creek riparian vegetation mapping.

VegetationType Numberoffield | Average | Scoreas
observations* -
score
IrrigatedPasturd_ands 16 5.0 100%
Built up & UrbanDisturbance 6 5.0 100%
Pinusponderosa Calocedrusiecurrens 3 5.0 100%
QuercuschrysolepigCanyonLive Oak) 3 5.0 100%
SmallEartherDamPondsandNaturalLakes 3 5.0 100%
MediterranearCaliforniaNaturalizedAnnual& 13 4.8 97%
Perennial Grasslands & Meadow Macrogroup
(weedy)
Quercudobata(Valley Oak) 37 4.8 96%
Agriculture(Withoutfallow annualgrasses 5 4.8 96%
dominating)
Salixexigua(Narrowleafwillow) 16 4.8 95%
Alnusrhombifolia(White Alder) 21 4.7 94%
Cliffs & RockQutcroppings 3 4.7 93%
Populusfremontii(FreemontCottonwood) 12 4.6 93%
PlatanusracemosgCaliforniaSycamore) 9 4.4 89%
River & LacustrineFlats& Streambeds 12 4.4 88%
Fraxinuglatifolia (OregonAsh) 5 4.4 88%
Quercugouglasii (Blue Oak) 9 4.3 87%
Quercuswislizeni(Interior Live OakTree) 4 4.3 85%
Alnusincana(MountainAlder) 5 4.2 84%
VancouveriarRiparianDeciduoug-orests 5 4.0 80%
Salixlaevigata(RedWillow) 6 3.7 73%
SalixlaseolepigArroyo Willow) 5 3.4 68%
Rubudiscolor(HimalayanBlackberry) 3 3.3 67%
(Red/BlackWillow) Thicket- YoungSaplingStands 9 3.1 62%
SouthwesterRiparianEvergn.& Decid.Woodlands 8 3.0 60%
OVERALL 218 4.5 89%

* Field observationincludesiteswherefield datawerecollectedusingamodified CNP Srapid assessmerrotocol
and map notes, as described in the text above.
**  SeeTable4-3 for explanation oficcuracyscoringstructure.

4.4 Final Riparian Vegetation Map

After completionof theaccuracyassessmengtillwater Sciencesleliveredthe preliminaryresults

to the AIS photo interpreters. Each point was reviewed and two spreadsheets (one for each
watershed) were generated with comments on each of the AA points. AA points were noted by
photo interpreters as to whether or not they were in agreement with the final call made by the
Stillwaterfield ecologistslf thecall wasin questionor dispute jt wasnotedin thedatabasalong

with the reason for its question. Stillwater Sciences performed the final review and delivered the
results of the AA back to AIS photo interpreters. AIS photo interpreters corrected all of the
remaining polygons which were scored with different floristic assignments. Photo interpreters
used these points to evaluate trends and make additional corrections to the map. Although the
final productis moreaccuratdhanthefinal accuracyassessment procefis;annot baletermined

how much more accurate the vegetation map is without additional field evaluation.
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The2014riparianvegetation majs providedin digital form aspart ofthis project.Overall,85
differentvegetatiortypesweremappedn bothwatershedsTable4-5 lists all of the vegetation
types listed in the final map as alliances and ssaiiral stands (Sawyer et 2009) and their
corresponding acreages for each watershed.

4.4.1 Mapped vegetation distribution

Native uplands and annual grasslands make up most of the mapped lands in the Mill Creek and
Cow Creelproject areagFigure 43). Native riparian forest and shrubs make up 19% andf6%
Cow Creek and Mill Creek project areas, respectively. Meadows make up 5% of the area in Mill
Creekandherbaceousvetlandsveremappedn 2% of theareain Cow Creekwatershed. Anore
detailed list of the distribution of vegetatitypes in the CovCreekandMill Creek project areas

is provided in Table 4.

Non-native
trees or
plantation

= Non-native
invasives

B Water

B Grassland
= Native upland

B Human use

B Mostly

B Native riparian B Native unvegetated

shrub ® Native riparian herbaceous
forest wetland

Meadows W Native riparian
forest

B Native riparian
shrub

B Native
herbaceous
wetland

. Native upland
® Non-native

trees or
plantation
Non-native

invasives

B Mostly
unvegetated ® Water B Human use

Figure 4-3. Distribution of generalized vegetation groups mapped in the Cow (top) and Mill
(bottom) Creek project areas.
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Table 4-5. Acreageandpercentareaof vegetatiortypesmappedn the Cow CreekandMill

Creek project areas.

Vegetationtypes Cow ac % Cow [ Mill ac | % Mill Total ac | % Total
(Red/Blackwillow) Thicket 149.81 0.7% 15.55 0.1% 165.36 0.4%
Abiesconcolor- Pinuslambertiana N/A N/A
(white fir - sugarmine) 35.29 0.2% 35.29 0.1%
Abiesconcolor(Whitefir) N/A N/A 320.96 1.5% 320.96 0.7%
AbiesconcolorandPinuslambertiana N/A N/A
(White fir andSugarPine) 92.31 0.4% 92.31 0.2%
Abiesmagnifica(Redfir) N/A N/A 1148.49( 5.5% 1148.49 2.7%
AbiesmagnificaandAbiesconcolor N/A N/A
(Redfir andWhite fir) 153.09 | 0.7% 153.09 0.4%
Acermacrophyllum(Bigleaf maple) 0.08 0.0% 15.84 0.1% 15.92 0.0%
AcernegunddBox elder) N/A 0.0% 15.74 0.1% 15.74 0.0%
Aesculugalifornica (California
buckeye) 75.61 0.3% 8.76 0.0% 84.37 0.2%
Agriculture (Withoutfallow annual
grasseslominating) 526.63 2.4% 689.58 | 3.3% 1216.21 2.8%
Alnusincana(Mountainalder) N/A N/A 301.42 1.4% 301.42 0.7%
Alnusrhombifolia(White alder) 617.04 2.8% 261.16 1.2% 878.20 2.0%
ArctostaphylosievadensigPinemat N/A N/A
manzanita) 56.96 0.3% 56.96 0.1%
Arctostaphylopatula(Greenleaf N/A N/A
manzanita) 0.96 0.0% 0.96 0.0%
Arctostaphylowiscida (Sticky whiteleaf
manzanita) 41.35 0.2% 9.33 0.0% 50.67 0.1%
Arundodonax(Giantreed) N/A N/A 5.93 0.0% 5.93 0.0%
Built upandUrbanDisturbance 988.74 4.5% 948.83 4.5% 1937.57 4.5%
CaliforniaandWesternCordilleran N/A
MontaneChaparraMG's 0.0% 18.19 0.1% 18.19 0.0%
CaliforniaMixed PerenniabndAnnual
GrasslandindMeadowMacrogroup 1196.47 54% | 5573.86| 26.6% | 6770.33 [ 15.7%
CaliforniaMontaneConiferForestquse
for plantation) 9.43 0.0% 5.76 0.0% 15.19 0.0%
CaliforniaXeric Chaparral 18.79 0.1% N/A N/A 18.79 0.0%
CeanothugordulateMountain N/A N/A
whitethorn) 9.53 0.0% 9.53 0.0%
CeanothuguneatugBuckbrush) 106.39 0.5% 199.16 1.0% 305.56 0.7%
ChrysolepisempervirengPinemat N/A N/A
manzanita) 3.38 0.0% 3.38 0.0%
Cliffs andRockOutcroppings 53.18 0.2% 581.77 2.8% 634.94 1.5%
DischargeSlopeMeadows Mesic N/A N/A
Trending 70.22 0.3% 70.22 0.2%
DischargeSlopeMeadows Wet N/A N/A 90.23 0.4% 90.23 0.2%
Dry Meadows N/A N/A 436.49 | 2.1% 436.49 1.0%
EleocharismacrostachyaDowningia,

Trifolium variegatum, Eryngium 1.94 0.0% 0.78 0.0% 2.72 0.0%

(VernalPools>MMU)

Eucalyptus 0.13 0.0% 1.59 0.0% 1.72 0.0%

Exotic Trees 1.17 0.0% 2.61 0.0% 3.78 0.0%

Fraxinuslatifolia (Oregonash) 91.11 0.4% N/A N/A 91.11 0.2%

LacustrineFringeMeadows N/A N/A 0.67 0.0% 0.67 0.0%
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Vegetationtypes Cow ac % Cow [ Mill ac [ % Mill Total ac | % Total

MediterranearCaliforniaGrasslandnd N/A
Forb Meadow Division (Vernal Pool 269.57 1.2% 0.0% 269.57 0.6%
Matrix)
MediterranearCaliforniaNaturalized
AnnualandPerennialGrasslandand 2836.56 12.8% | 963.98 4.6% 3800.54 8.8%
MeadowMacrogroup(weedy)
MediterranearScrub 6.08 0.0% N/A N/A 6.08 0.0%
Naturalizechon-nativeperennial
grasslan@ndMeadowMacrogroup 2743.11 12.4% | 774.31 3.7% 3517.42 8.2%
(Irrigated Pasture Lands)
North AmericanArid WestFreshwater
Marsh(MarshVegetation) 16.67 0.1% 10.73 0.1% 27.41 0.1%
PerenniabtreamChannel 700.99 3.2% 440.10 2.1% 1141.09 2.6%
Pinusalbicaulis (Whitebarkpine) N/A N/A 27.33 0.1% 27.33 0.1%
Pinusjeffreyi (Jeffreypine) N/A N/A 477.97 2.3% 477.97 1.1%
Pinusmonticola(Westernwhite pine) N/A N/A 119.08 0.6% 119.08 0.3%
PinusponderosgPonderosaine) 88.99 0.4% 12.37 0.1% 101.36 0.2%
Pinusponderosa Pseudotsuga
menziesii 311.26 1.4% 395.76 1.9% 707.02 1.6%
PinusponderosgPonderosaine) N/A 0.0% 2.62 0.0% 2.62 0.0%
PinusponderosaandCalocedrus
decurrens 345.71 1.6% 236.37 1.1% 582.08 1.4%
Pinus ponderosandPseudotsuga N/A N/A
menziesi{PonderospineandDouglas 1295.03| 6.2% 1295.03 3.0%
fir)
Pinussabiniana(Foothill pine) 125.27 0.6% 2.95 0.0% 128.22 0.3%
Plantation 4.04 0.0% 4.04 0.0%
PlatanusracemosgCalifornia N/A N/A
sycamore) 60.33 0.3% 60.33 0.1%
Populusiremontii(Fremont 206.18 09% | 11526 | 06% | 321.44 | 0.7%
cottonwood)
PopulustremuloidegQuakingaspen) N/A N/A 7.37 0.0% 7.37 0.0%
Populustrichocarpa(Black N/A N/A
cottonwood) 45.16 0.2% 45.16 0.1%
Pseudotsugaenziesi{Douglasfir) 62.27 0.3% 62.27 0.1%
QuercuschrysolepigCanyonlive oak) 408.92 1.8% 441.88 2.1% 850.80 2.0%
Quercugdouglasii(Blue oak) 4507.26 20.4% | 2520.51| 12.0% | 7027.77 | 16.3%
Quercuskelloggii (Black oak) 870.06 3.9% 324.34 1.6% 1194.40 2.8%
Quercudobata(Valley oak) 2143.57 9.7% 217.99 1.0% 2361.56 5.5%
Quercuswislizeni(Interior live oaktree) 820.08 3.7% 230.65 1.1% 1050.72 2.4%
Quercuswislizenishrub N/A N/A 33.05 0.2% 33.05 0.1%

ipari ' N/A N/A
RiparianRelatedVleadows- Mesiclow 233.76 1.1% 233.76 0.5%
gradient
RiparianRelatedMeadowsMesichigh N/A N/A
gradient 19.08 0.1% 19.08 0.0%
RiparianRelatedvieadowsMesic N/A N/A
mediumgradient 6.72 0.0% 6.72 0.0%
RiparianRelatedvieadowsWet high N/A N/A
gradient 10.52 0.1% 10.52 0.0%
RiparianRelatedvieadows Wetlow N/A N/A
gradient 10056 | 0.5% 100.56 0.2%
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Vegetationtypes Cow ac % Cow [ Mill ac [ % Mill Total ac | % Total
RiparianRelatedVleadowsWet N/A N/A
mediumgradient 13.75 0.1% 13.75 0.0%
RiverandLacustrineFlatsand
Streambeds 172.46 0.8% 187.13 | 0.9% 359.59 0.8%
Rubudiscolor(Himalayanblackberry) 656.70 3.0% 53.27 0.3% 709.97 1.6%
Salixexigua(Narrowleafwillow) 250.93 1.1% 35.03 0.2% 285.96 0.7%
Salixgooddingii(Black willow) 9.23 0.0% 2.15 0.0% 11.37 0.0%
Salixlaevigata(Redwillow) 186.92 0.8% 21.72 0.1% 208.64 0.5%
Salixlasiolepis(Arroyo willow) 168.83 0.8% 16.67 0.1% 185.50 0.4%
SalixlemmoniilLemmon'swillow) N/A N/A 14.45 0.1% 14.45 0.0%
Schoenoplectuspp.(Bulrush) 2.55 0.0% 17.24 0.1% 19.79 0.0%
SrhalEartherbamPondsandNatural 61.98 03% | 3253 | 02% | 9451 | 0.2%
SouthwesterRiparianEvergreerand
DeciduousNoodlands 161.34 0.7% 37.30 0.2% 198.64 0.5%
Temperatd-loodedForests N/A N/A 4.80 0.0% 4.80 0.0%

i i i ' N/A N/A
gg;)lcodendrord|verS|Iobun(P0|son 0.74 0.0% 0.74 0.0%
TsugamertensiangMountainhemlock) N/A N/A 273.51 1.3% 273.51 0.6%
Typhaspp.(Cattail) 3.06 0.0% 3.06 0.0%
LJ;;)bellulanacahformca(Cahfornla 157 0.0% 14.33 0.1% 15.90 0.0%
Undefinedareaswith little or no
vegetation 17.68 0.1% 2.42 0.0% 20.10 0.0%
Undefinedareaswith little orno N/A N/A
vegetation(Humandisturbance) 2.53 0.0% 2.53 0.0%
VancouveriarRiparianDeciduous N/A N/A
Forests 19.27 0.1% 19.27 0.0%
W. N. AmericanMontaneS-Alpine N/A N/A
RiparianScrub 23.91 0.1% 23.91 0.1%
WarmTemperatd-orestsand N/A N/A
Woodlands 1.19 0.0% 1.19 0.0%
Water 6.83 0.0% 0.17 0.0% 7.00 0.0%
Western North American Temperate
MarshandWetMeadowMacroGroup 42.38 0.2% 1.88 0.0% 44.26 0.1%
(MeadowVegetation)
Grand Total 22,142 100% 20,920 | 100% 43,063 100%
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5 CONDITIONASSESSMENT

5.1 Purpose

Thepurposeof this taskis to mapout differencesn riparianvegetatiorconditionswithin the Mill

and Cow Creek project areas. The final product of this conditions assessment is a GIS shape file
and associated attribute table, with the riparian condition ratings for both of the watersheds. This
document igneant teaccompanyhe shapefile andttributetable. In this sectiorwe describe the
methods used and summarize our findings. Methods were developed specifically for this project.

5.2 Methods

Working with the Technical Advisory Team, we started with a set of criteria for assessing

riparian condition based omportant functionshatriparian systems can provided on linkages

between these functions and observable structural conditions. We then stratified the project area
into 6condition reachesd, or stretches of river
consistensetof landscapeontrols,includingsurroundingparentmaterial landuse,channekize

and flow (accounting for effects of confluences and diversions). Once these condition reaches

were designated, we used existing GIS data and aerial imagery, along with information from the

field reconnaissance, field surveys, and the vegetation mapping effort to develop condition

rankings for each condition reach. The methods applied in each of these steps are detailed in the
sections below.

5.2.1 Articulate linkages between structure and condition

The Stillwaterteamsummarizedssentialandscapeandreachscalefeatureghatsupporthealthy

riparian areas and the benefits they provide in FigtteThis flow diagram illustrates the

linkages between landscape scale features such as the physical landscape, climate, and stream

flow regime, and the reaedpecific features they affect, such as floodplain connectivity,

topographic shade, and riparian vegetation structure and composition. As described below, we

used the first two rows of characteristics (broad scale) inFiglire3 o i dent i fy fAcondi't
reaches, 0o and then | ooked for i ndi cators of char
Figure 51 to assess riparian conditions. Finally, the bottom row in Figdrettnmarizes

benefits provided by healthy riparian corridors, and these were used to help target the priority
recommended action areas as described in Section 6.
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Figure 5-1. Linkagesbetween landscape and reach-scale features that support provision of
riparian benefits.

5.2.2 Designate condition reaches

We brokethe 250river miles inthe Mill andCow Creekprojectareas intshorteriver reachesn
which a consistent set of landscape scale factors affect riparian structure and processes, as
illustratedin Figure 51. These landscape scale faciodude differences: physical landscape,
hydrology,andclimate,alongwith importantchangesn watermanagemerdndsurroundindand
use. In application, we translated these factors into the following criteria for delineating the
condition reaches:

1. Elevation(surrogatdor climate)

Changén parentmaterial(geology)

Presencef aconfluencghydrology)

Presencef a(large)diversion(hydrology)

Major changen landuse(e.g.,rangelando urban)

a e

Since there were sufficient breaks created by applying criteBavze did not need to create
additional breaks associated with changes in elevation (climate). This approach resulted in 81
condition reaches along the seven major tributaries and the mainstem of Cow Creek, and 20
condition reaches along Mill Creek. The number of condition reaches designated along Cow
Creek is greater due to the more complex structure of its river network (e.g., it has more major
tributaries). The number of these condition reaches and their associated river miles are
summarized by tributary within Cow Creek in Tablé& Sncluding the average length and
standardieviationfor thereacheswithin asingletributary. The numbenbf conditionreachesand

their associated river miles are summarized in Taldlddy Mill Creek. Since Mill Creek

includes few tributaries and fewer condition reaches than Cow Creek, lengths of all the Mill
Creek condition reaches are presented and there is no need for summary statistics for reaches
within tributaries.
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Table 5-1. The number and length (in miles) of condition reachesidentified along the
mainstem and tributaries to Cow Creek.

Number River miles
. . of
Cow Creekributaries condition Total Avg Std dev Max Min
reaches
Atkins Creek(trib to SouthCow) 3 3.06 1.02 0.38 145 | 0.73
BasinHollow (trib to SouthCow) 2 5.58 2.79 0.37 3.05 | 253
BealCreek(trib to SouthCow) 1 2.64 2.64 N/A 264 | 2.64
CedarCreek(trib to Little Cow) 2 8.09 4.04 0.22 420 | 3.89
CloverCreek 6 17.33 2.89 1.56 572 | 155
CoalCreek(trib to Clover) 1 1.38 1.38 N/A 138 | 1.38
Dry Clover (trib to Clover) 5 9.59 1.92 1.15 3.73 | 0.65
Little Cow Creek 7 26.62 3.80 1.84 6.84 | 1.43
MainstemCow Creek 16 19.25 1.20 0.61 3.16 0.55
MainstemCow Creek 3 2.96 0.99 0.02 1.00 | 0.96
Mill Creek(trib to SouthCow) 4 4.55 1.14 0.75 225 | 0.66
OakRunCreek 11 24.06 2.19 1.34 473 | 0.46
Old Cow Creek(trib to SouthCow) 6 22.32 3.72 1.21 5.14 | 2.08
RosebrielCreek(trib to Clover) 2 443 221 2.25 3.80 | 0.62
SouthCow Creek 11 26.72 2.43 1.84 571 | 0.23
Unnamedrib to Little Cow Creek 1 0.83 0.83 N/A 0.83 | 0.83
Grand Total 81 179.39 221 152 6.84 | 0.23

Table 52. River mile length of the riparian condition reaches delineated along Mill Creek.
Lengthsof all theMill Creekconditionreachesrepresentecdindthereis noneedfor summary
statistics for reaches within tributaries.

Mill Creek condition reach code River miles
la 1.05
1b 1.38
1c 0.47
2 2.52
3 2.97
4 3.55
5 3.84
6 6.19
7 11.16
8 459
9 5.03
10 5.80
11 1.79
12 1.00
13 473
14 2.27
15 2.02
16 3.77
GunwaleCreek 3.18
North Mill Distributary 1.47
Total 68.80
Average 3.44
Standard deviation 2.45
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5.2.3 GlSanalysis

We examinedseverahttributesn thevegetatiortype shapdile developedy AlS aspartof this
project (Section 4. Vegetation Mapping) to screen the Cow Creek and Mill Creek watershed
project areas for condition reaches likely to be in poor shape. For all condition reaches, we
applied this screening to mapped areas extending 30 and 100 feet from the river bank; for
conditionreacheslonghigherorderchannelsye alsoexamined vegetatioattributeswithin the
500ft buffer. Theattributessummarizedrom the vegetatiormap(shapefileor the buffer areas
are listed below:

Percenof areamappedaswoodyvegetation

Percenbf areamappedasnativeriparianvegetation
Percenof areamappedasinvasivenortnativevegetation
Averagecanopydensityfor woodydominatedvegetation
Averageestimatectanopyheight
Averagechannekanopyoverhang

=A =4 =4 =4 4 A

Foreachwatershedye lookedatthe frequencylistributionof valuesfor each otheseattributes

within the buffer areas angsedthese talevelopapproximate thresholds for identifyimgaches

likely to be in notably worse shape than others, as exemplified in Figur&ftus, for each
watershed, condition reaches with one or more of these attribute values exceeding the identified
threshold were flagged for closer examination.

25
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Figure 5-2. Frequency distribution of percent area of woody vegetation mapped within a 30 ft
buffer (30 ft to either side of the channel) along condition reaches in Cow Creek
and Mill Creek. Cut off for flagging reachasind pot e nppdra o h ¢ i Wwassen 6
at <15% area (red arrow).

Resultdfrom the GIS analysis providetessinsighton riparianconditionsthanexpectedThrough
aerial imagery, we could see that some unflagged condition reaches were in poor condition and
other flagged condition reaches appeared to be in very good condition. In retrospect, it is likely
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that the GIS analysis did not provide a reliable screening of good vs. poor condition reaches
because¢he attributesexaminedabovebullet points)variedwith thelandscapecalefactorsused

to designate the condition reach&®sr example, the maximum potential lateral extent of buffer
areadominatedoy riparianvegetatiorcould besmalldueto steepnarrowvalleyscharacteristiof

upper reaches in Cow Creek watershed, or because only a thin and intermittent set of valley oaks
were left alongside a channel in the lower reaches of Cow Creek. Both reaches might have the
same percent area within the 30 ft buffer occupied by native riparian vegetation, but the first
reach could be ipoor condition while the second could beeitellent condition. Since this GIS
screening did not reliably narrow the set of condition reaches to be more closely examined, we
decidedo move ahead with applyirtge visual assessment to all of the conditiEachesn both
watersheds. Therefore, we did not use the GIS analysis results as an initial screening to identify
areas likely to be in poor condition, and instead examined all of the condition reaches using the
visual assessment described below.

5.2.4 Visual Assessment using Remote Imagery

Visible potentialsourceof disturbancer poorriparianconditionswereidentifiedwith the intent

of developing a tractable basis for determining riparian conditions, and for identifying specific
areas in these condition reaches where actions might be recommended (see Section 6.
Recommendations for Prioritanagement Areas). Each condition reach was visaabgssed
for thefollowing conditionindicators,which aremostlyrepresentetdy the first,third andfourth
rows in Figure 5L:

Flood connectivity: Thiswasassignedasediponthedifferencebetweerthe score$or potential
floodplain width and the actual floodplain width. The rank was calculatedia@@@entiali
actual)) because 5 is the maximum differenc
(mini mum) score for flood connectivity in t
fully realized.The potentiafloodplain width isdefinedas the lateral extetd which frequenand
moderately frequent river flows could extend in undisturbed conditions and is estimated based
primarily upon topography and reach location in the watershed, where topography is estimated
from a visual assessment of aerial imagery. Thus, apparently incised channels in depositional
reaches with indications of historical wide fl oc
rank. Theactualfloodplainwidth is definedasthelateralextentto which frequentandmoderately

frequent river flows could extend under existing conditions, estimated in the same way as

potential width, but focused on visual cues of recent flooding. Thus, apparently incised channels

in depositional reachesk0@ofutl dd drre a@asaimgonwd @<d0 ofy
underactualfloodplain. Ranksareassignedsthefollowing: >1000ft= verywide (rank=5); 500-

1000 ft= wide (rank =4); 25800ft =moderate (rank =3); 1@&50= moderatéow (rank =2); 30

1001t = low (rank=1); <30ft = narrow(rank=0).

Channel complexity. This was assigned based on evidence of an activenderinghannel

thatis appropriatdor thereach,includingsinuosity instreamsedimenbars,andbackchannels

(AFl oodpl ai n c o nl).€lahneleamplgxidy was mssigniedgadow €0), 16w to

moderate (1), moderate (2), moderate to high (3), or high (4) rank.

Urban encroachment:This is a reflection of landuse and hardened landscapes that can limit
channemeanderincreasesedimentnput,andconstraimaturalflooding( i Sur r @ndusé i n g

in Figure 51). Scores were assigned according to these categories: undeveloped (0), open range

and/or plantation (1), agricultural fields (not pasture) (2), large lots (aka, low density suburban)

(3), moderate density suburban (4), high density suburban (5).

Eroding banks: Thisis basedn evidenceof steepanddeeplycut banksin manyareaq3), afew
to moderate number of locations (2), one or a few locations (1), or no eroding banks seen (0).
(AFl oodpl ain conhectivityo in Figure 5

e bet
hos
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Elevatedsedimentinput: Indicatorsof potentiallyelevatedsurfaceerosiondueto high density

of dirt trails and roads, existence of gullies connected to channel, presence of cattle trails near
stream bank (ASur r oul) Ghesegre lecdrded assnené observedkd),gur e 5
small (1), moderate (2), or high (3) amount of indicators.

Longitudinal continuity : This is recorded as the degree to which the reach has continuous

woody vegetation along both sides of-1)t he channel
Thesearerecordedasnoneto verylow or roughly<25% (1),moderate oroughly25to 75%(2),

or high to nearly continuous at over 75% (3) of reach banks supporting continuous woody

vegetation.

Lateral extent of woody vegetation This is recorded as the width of continuous woody

vegetation on both sides of the channel (e.g., from roughly one to three to macanopyg

widths; ARi pari an v-B.Jgkesearte recordedaxnore totvevy,lowkl), gur e 5
moderatesuchas2to 4 canopywidthsmostof thelength(2), orhigh, suchasoverfour canopy

widths most or all of the reach length (3).

Non-native vegetation:As an approximate metric, we used percent of area in a 30 ft buffer that
is mappedasdominatedby nonnativevegetatior( i Ri pvagetatiarthi v e lingigureysd).
These are recorded as less than 5% (4), 5 to 10% (3), 10 to 20% (2), and over 20% (1).

Rank scores for these eight attributes were normalized to the percent of potential for each
attribute(e.g.,a6 2r@nkfor non-nativevegetationvould beconvertedo a 2/5 or 40%score) All
attribute scores were then converted so that 100% reflected excellent condition (e.g., urban
encroachment scores were converted by subtracting score from 100% to reflect degree to which
urban encroachment wast observed along the condition reach). These scores were then
averaged for each reach, giving equal weight to each of the eight condition indicators. The
average foeachconditionreachisreported s t he &6 Condi tstoenBed@ushint i f i cat i
scoring system does not include the many idiosyncratic factors that can affect conditions
observed in the riparian corridor, such as existenceloferponds, variation in likely

background sediment loading, potential riparian vegetation cover, observed but not mapped
instances oArundowithin the reach, etc., and because the scoring is based on simple equal
weighting of these eight attributes when in reality the importance of these attributes can vary
along the riparian corridor, these scores were then used as advisory information, rather than the
final condition scores.

Final condition scores were made based on the condition quantification scores described above,
as well as other factors. These other factors indketdogy- parent material underlying and
directly adjacent to the riparian corridor (informs potential natural vegetation, erosion, channel
form); Fish Accessibility - whetheranareais aboveor belowa partial or completebarrierto fish
passagée.g.,naturalfalls); andNotesi informationon otherimportant,sometimesdiosyncratic
characteristics about a condition reach. Once all of these factors were taken into consideration,
final condition score were assigned. Condition reaches were assigned one out of seven ratings,
ranging from poor (1) to excellent (4) condition. Once all of the condition reaches had been
reviewed and draft condition scores assigned, all of the reach condition ratings and specific
notations were finalized by a senior riparian ecologist with targeted input from a senior
geomorphologist. The riparian condition rating system developed for this project is described in
Table 53 below.
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Table 5-3. Condition rating scoresapplied to Mill and Cow Creek project areas with example
descriptions of reaches assigned each rating.

Rating | Rating name Example ReachDescriptionsfor eachCondition Rating
Lotsof erosion sparselyegetatedankswith apparentateralconnectivity
1 Poor mostly limited at low and moderate flows, Google Earth imagery for

8/27/2013showsno waterin channelweedsprevalen{HBB)

Someriparianvegetatioralongbanksbut oftenjust 1 tree canopywide; signs
15 Poorto Fair | of surfacegully, or bankerosion;jindicationsthatchanneis incisedin some
areas; invasive weeds mapped 06®% of area.

Large suburban homes with surface erosion on south bank; some homes
pasturenorthbank;1 treewidth ripariancorridorslink river bendswith afew
riparian forest/shrublands established on the inside of bends; few signs o
meanderndlateralconnection

2 Fair

Severabreaof well-developediparianforest;butriver left andpartsof river
25 Fairto Good | right are constrained by land use. Several large sections with little to no
riparianvegetatioranda few pointswith bankerosionvisible.

Approximately 1/3 of riparian corridor Eparsely vegetated patches of
riparian forest observed; irrigated pasture with cow trails could increase

8 Good sedimentnputs,creekappearso flood mostpotentiallateralextent, includes
complexchannektructureandmovement.
Good to Ripariancorridormostlylined with aldersandadjacenuplandsupportative

35 [undevelopedyegetationSomeadditionalsedimensourcesrom powerline
Excellent . : . : - :
crossing, dirt roads with gullies visible from Google Earth imagery.

Mostly continuous and wide streamside vegetation with channel moveme
and riparian forest development in bends and over three canopy widths ir

4 Excellent betweenNo nonnativesmappedr visible within corridor,adjacenuplands
are undeveloped. A few patches with sparsely vegetated banks observed
5.3 Condition Assessment Findings

Careful review of imagery in conjunction with the GIS summary data revealed that the most
informative GIS-derivedinformationon reachconditionwaspercent obuffer areadominatecoy
nornativevegetationAs mentionedabovein section5.2.3.G1S analysis pthersummarydataon

the riparian vegetation map attributes were not consistently indicative of observed riparian
vegetation conditions. For example, percent of buffered area mapped as woody vegetation could
be low in healthy reaches that naturally had very low vegetation cover, such as low density oak
woodland areas in the m&levation reaches of Basin Hollow (Figur&p Similarly, vegetation

height was not indicative of riparian conditions since some areas were surrounded by native
shrublands while others supported (native or-native) forests (Figure-58).
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Figure 5-3. Low density oak woodlands in landscape surrounding Basin Hollow riparian area in
Cow Creek watershed have naturally low woody vegetation cover within the 100-ft
buffer (yellow line).

Figure 5-4. Low density oak woodlands with narrow strip of riparian shrubs in landscape
surrounding upper Clover Creek riparian area in Cow Creek watershed have
naturally low woody vegetation cover low and stature shrubswithin the 30 ft buffer
(yellow line).
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Thereachconditionscoresaresummarizedn Table5-4 belowandillustratedin Figuress-5 and

5-6 for Cow Creek and Mill Creeks, respectively. The full list and description of the condition
ratings for each condition reach is provided in Appendix G for Cow Creek and Appendix H for
Mill Creek. These condition ratings and rationales are also included as attributes in the Riparian
Condition shapefile and Excel data file provided with this report.

Table 5-4. Summaryof riparian condition ratings in Cow Creek and Mill Creek watershed
project areas.

Cow Cow Mill Mill
Score Condition Creek | Creek | Creek | Creek
Rating River | Percent| River | Percent
miles total miles total
1 Poor 7.29 4% 5.04 7%
15 Poor to Fair 9.95 6% 1.38 2%
2 Fair 30.83 17% 3.44 5%
25 Fair to Good 38.14 21% 1 1%
3 Good 26.95 15% 7 10%
35 Good to 872 | 5% | 1262 | 18%
Excellent
4 Excellent 57.52 32% 38.3 56%
Total Blank cell 179.39 | 100% 68.78 100%
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COW AND MILL CREEK RIPARIAN ASSESSMENT
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April 14,2015 Stillwater Science:

37



Mill and Cow Creek Riparian Mapping and Conditions Assessment
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6 RECOMMENDATIONSORPRIORITYMANAGEMENRREAS

Priority management areas were identified by combining the condition ratings described above
with knowledge of the critical management issues in each watershed, as described below. To
identify critical management issues, we reviewed existing information on natural resources and
management in the watersheds as recorded in reports and websites, and as communicated by the
Technical Advisory Team and stakeholders during the watershed meetings. We then identified
those management issues within Cow Creek and Mill Creek watersheds in which changes in
riparianvegetatiorcouldimprovetheaquaticandriparianhabitat.We usedanapproachwhichis

idealized in the following steps:

1. Identify priority issuedor eachwatershed;
2. Locatereachesvithin eachwatershedvhere priorityissuesaremostlimiting;

3. Assesglegreeof potentialbenefitsfor bird andwildlife habitatandto aquatichabitat
provided under existing riparian conditions in limiting reaches;

4. Determinepotentialfor riparianvegetatiorenhancemernb provideincreased
environmental benefit in those reaches;

5. Highlight thoseareaswith the greatestifferencebetweer and4.

6. Makerestoratiorandmanagememntecommendationfor thosehighlightedareaddentified
in step 5.

In reality, informationguidingus throughsomeof thesestepswvasincomplete sothe processwas
less linear than outlined above. Our findings from this information review are summarized in the
following two sections.

6.1 Cow Creek: Priority Issues

Cow Creek supports anadromous fish populations, includinguialand late fallun Chinook
salmon and steelhead. Stream temperatures and flows could be limiting anadromous fish
migrationduringsummerandfall low-flow periods Also, severareache®f Cow Creekareout

of compliance with the Clean Water Act for pathogens (fecal coliform) and one reach is out of
compliance for metals (a section of Little Cow Creek is listed for cadmium, copper and zinc)
(California Water Boards 2010). In addition, invasivemative plant species, particularly
Himalayan blackberry anfirundq threaten the structural diversity and species diversity of the
riparian corridor.

6.1.1 Fisheries

Cow Creek supports fatun and late fattun Chinook salmon as well as steelhgexbulations
(NMFS 2014, SHN and Vestra 2001, Ent2&07). In the Recovery Plan for Central Valley
springrun and winterrun Chinook salmon and steelhead (NMFS 2014), key stressors to
anadromous fish populations in Cow Creek can be summarized as the following: (1) low spring,
summer and fall flows; (2) high summer water temperatures and resulting thermal barriers
associated with low flows; (3) unscreened diversions; (4) competition and hybridization among
differentsalmonidpopulations{5) predatioraffectingjuvenilerearingandoutmigration; and6)

low availability of natural floodplains for juvenile rearing and outmigration. Many of these
stressorgreinterlinked.For exampleJow flows reducethethermal inertissothata streamgains

or loses heat more rapidly under low flow than under high flow conditions (Poole and Berman
2001). High stream temperatures could also increase predation mortalityrigvating
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juveniles are forced to move through such reaches under conditions that approach their thermal
toleranceparticularlyfor extendegeriodsor distancegCoutantl973,MarineandCech2004).

Waterfalls create natural impediments to upstrésimpassage in most of the tributaries (Figure
6-1) and unscreened diversions can entrain juvenile fish, resulting in mortality. Unscreened
agriculturalwaterdiversionshavebeencitedasa potentiallimit onthe productionof salmonand
steelhead in Cow Creek watershed (Reynolds et al. 1993, USFWS 1995, Western Shasta RCD
andCCWMG 2001).Figure6-1 illustratesthe extent ofriver milesusedby anadromouspecies.

By reducing streamflow during the ApriDctober diversion period, diversions also increase
summer water temperatures and reduce available rearing habitat.

A partial fish barrier occurs at Diddy Wells Fallsldttle Cow Creek; these falls were
determinedo bea partialbarrierto steelheadyutin practice couldrequiremoreenergythanthe
anadromous fish have after swimming upstream through the Delta and Sacramento River for
approximately 420 miles before reaching Cow Creek (HT Harvey 2014).

The lower reaches @ak Run Creek andBasin Hollow appear dewatered or discontinuously
wateredduringthe summer monthi nearlyall of the2007 2013GoogleEarthimagery(2011is
the exception). Oak Run Falls acts as an additional partial barrier upstream of these lower
reaches. We found no reports of anadromous fish occurrences in Oak Run Creek or Basin
Hollow.

Thelower reaches dflover Creek are wateredbutlikely verywarmsince most of thigributary

is unshaded anftbws are relativeljow. A partial barrier created by a siphand diversion dam
impedes access to potential habitat approximately 10 miles downstream of a Clover Creek Falls
(T. Bratcher, CDFW, pers. comm.). Farther upstream, Clover Creek Falls acts as a fish barrier
(Figure 61). We found no reports of anadromous fish occurrences in Clover Creek, but more
than700rainbowtroutwerereportedn Clover Creekduringafall 1981 survey(SHN andVestra

2001).

WhitmoreFallsonOld Cow Creek werealsoreportedo beapartialbarrierfor adultsteelhead

and Chinook salmon but passable under certain flow conditions. Farther upstream are two un
namedfalls which couldlimit anadromyfor theremaining upstreamver miles alonddld Cow
Creek (HT Harvey 2014).

Diversiondamstructuresn South Cow Creekreportedlydo notimpede anadromous figttcess

to the upper reaches of this swhtershed; although a naturally steep section of the channel at
WagonerCanyoncouldimpedeupstreanaccesat very low flows (SHNandVESTRA 2001;M.
Berry and P. Bratcher, CDFW, pers. comm.).
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Springrun Chinook The NMFS recovery plan lists Cow Creek as supporting a spiimg

Chinook population, based on sightings of what are assumed to be stray individuatwepring
Chinook along Old Cow Creek (NFMS 2014, Entrix 2007). Cow Creek watershed is not believed
to have supported substantial numbers of sprimgChinook salmon historically due to the lack

of deep holding pools downstream of the partial passage barriers in each tributary and the lack of
access to the cooler headwater reaches (Yoshiyama et al. 2001, Lindley et alS2@@Zys for

adult springrun Chinooksalmonin Cow Creekin 1989and1991apparentiidocumentedi f erw

nos a | n(Bipak2005),althoughno dataappeato beavailablefrom thesesurveys.Reynoldset

al. (1993) cited an undated report of spring Chinook salmon occurring in South Cow Creek,

and NMFS (2005) includes mainstem Cow Creek upstream to the confluence with South Cow
Creekin its critical habitat designatidior springrun Chinooksalmon.However, Reynolds et al.
(1993) reported that high summer water temperatures in the lower mainstem and tributary
reaches, below the barriers, render Cow Creek watershed unsuitable forgpr@lgnook

salmon.

Fall-run Chinook Video surveys on Cow Creek mainstem below Highway 44 conducted during
fall and early winter from 2002011 documented 4,209 adult falin Chinook entering Cow
Creekin 2006, 2,044 2007, 478n 2008, 265n 2009, 536 in 201&nd 1,617n 2011 (Killam

and Merrick 2012). Faltun Chinook use the mainstem and lower reaches of several tributaries
for spawning and rearing but do not use the-reiithes due to low stream flows during the fall
(Figure6-1). Accordingto the Cow CreekWatershedAssessment, sonfall-run Chinookaccess
areas up to the base of Wagoner canyon on South Cow Creek, but do not use Wagoner Canyon
itself (condition reach 7f). Low flows and high stream temperatures during late spring and early
fall could constrain the timperiod for fallrun Chinook juvenile outmigration and adult-up
migration, respectively. Fatun Chinook that out migrate during periods of high stream
temperature could suffer mortality due directly to high temperatures and/or indirectly due to
increased/ulnerabilityto diseaseand/or predatiormortality associatedvith heatstresgCoutant

1973, Marine and Cech 2004).

Latefall-run Chinook:useof Cow Creekby latefall-run Chinooksalmonis notwell documented.
One report states that late falin were observed no higher than the confluence of Old Cow and
South Cow Creek (SHN and Vestra 2001).

Winter-run Chinook: Thereis no evidencehat Cow Creekwatershedhistoricallysupported
winter-run Chinook salmon (Lindley et al. 2004), and no current data to indicate use of the
watershed by winterun Chinook.

Steelheagbass through the lower reaches to the-raesithes of some Cow Creek tributaries since
they migrate during higher flow periods than4aih Chinook (SHN and Vestra 2001, Entrix

2007). High quality spawning habitat exists along condition reaches 7d and 7f on South Cow
Creek,belowandabovethe PG&E diversiondam(SHN andVestra2001) (Figures-1). Steelhead
sightings have been reported for areas farther upstream than condition reach 7f, extending all the
way up to condition reach 7h (Atkins Creek). Thus, maintaining access to the mid and upper
reaches of South Cow Creek by providing cool running waters along lower South Cow Creek is
importantfor supportinghe steelheaghopulationin Cow Creek.Steelheadhavealsobeensighted

at Diddy Wells Falls on North Cow Creek (condition reach 2d).

The mainstem of Cow Creek is used as a migration corridor to and from higher reaches by
steelhea@ndis animportant spawningreafor fall-run Chinook(Killam andMerrick 2012,
SHN and Vestra 2001). Overdil,h e i gimiingnfactons for salmonids are low fall and

April 14,2015 Stillwater Science:

42



Mill and Cow Creek Riparian Mapping and Condlitions Assessment

summerflows, which block or delayadultimmigration,and[diversionswhich]entrainf uveni | es 0
(NMFS 2014).

Moreover, recent studiesdicatethat reducingtreanmtemperatures duringie critical springand
summer months will help maintain the anadromous life history component of the Cow Creek
steelhead population. PopulationgQricorhynchus mykiss Cow Creekwatershed include both
resident (rainbovirout) and anadromous (steelhedit historyforms (SHNandVESTRA 2001,
Moore 2003, Moore 2004a, Moore 2004b, Thompson et al. 20U many former
anadromous steel head populations in Californiabts:s
reduced by habitat degradation, the importance of conserving the migratory (anadromous) life
history phenotype is a top priority for recovering and maintaining viable populations
(Satterthwaite et al. 2010, Kendall et al. 2014, NMFS 20R4ent research indicates that the
expression of a migratory life history strategydnmykissas a strong heritable genetic
component (Pearse et al. 2014, Phillis et al. 2014), and can be lost when selective pressures such
as poor downstreaand ocean survival select agaiasadromy(Satterthwaite et al. 201Phillis
2014). Restoration actions designed to improve environmental conditions conducive to
downstream survival of rearing and outmigrating juveniles (e.g., cool water temperatures and
floodplainhabitatduringspring)will increasehelikelihood thatoutmigrantswill returnto spawn

as adults, thus helping to maintain an anadromous life history expression through natural
selection.ln Cow Creek, high spring and summer water temperatures have been identified as a
primary factor limiting theéD. mykisgpopulation (Reynolds et al. 1993, USFWS 1995, USFWS
2001, Thompson et al. 2006Restoration actions that help maintain or reduce water
temperatures along the migratory corridor of Cow Creek during the critical spring and summer
months will similarly help maintain the anadromous life history component of the Cow Greek
mykisspopulation.

Based on this general assessment from the Recovery Plan (NMFS 2014) and our analysis of the
watershed, we propose that the most important areas for steelhead-amu @iinook habitat

are: (1) mainstem Cow Creek downstream of the South Cow Creek confluence; (2) South Cow
Creekupto the PG&E DiversionDam(andWagonerCanyonjust upstream)(3) Old Cow Creek

up to Whitmore Falls; and (4) Little Cow Creek up to Diddy Wells Falls.

6.1.2 Water quality concerns

ElevatedTemperaturesThe Cow CreekWatershedanagemenPlan(WesternShasteRCD and

CCWMG 2005) states that elevated temperatures in the mid to lower reaches of the Cow Creek

tributaries occur during the summer and early fall. High fall and spring temperatures have been

specifically identified as limiting for Chinook salmon along Clover Creek downstream of

WhitmoreFalls, Little Cow Creekdownstreanof Diddy Wells Falls,andalongthelowerreaches

of these tributaries as well as the mainstem (Western Shasta RCD and CCWMG 2005). The
Recovery Plan (NMFS 2014) states that ndAwater ter
yearr ound in the upper reaches of Ol d Cow and Sout
lethal water temperatures were observed t he | ower reacheso of these
and October. As described in the previous section, low water flows have also been identified in

the Recovery Plan (NMFS 2014) as a key stressor for steelhead adult immigration; since areas

with summer low water flows are more susceptible to solar heating, warm summer temperatures

and poor water quality are also listed as key stressors to steelhead population in Cow Creek,

including adult immigration and holding, spawning, incubating and juvenile rearing and

outmigration (NMFS 2014).
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Improved riparian condition can address stream temperatures by increasing thermal insulation
with shadeandincreasinghermal buffering byncreasinghyporheicinteractions through greater
floodplain connectivity (Poole and Berman 2001). Increased vegetation shade is most effective
along southern channel banks since this blocks the greatest amount of solar input, and in areas
that are not already protected by topographic shade, such as occurs in narrow canyons. Stream
reaches with reduced flows, such as those below diversions, are particularly vulnerable to
elevated stream temperatures and should be targeted for actions to increase shade and hyporheic
exchange (increased floodplain extent). Similarly, maintaining cool temperatures in waters
entering reaches with diversions is also important for ensuring that cool downstream water
temperaturesanbe maintainedhroughshadeand/orincreasedhyporheicexchange Creationof

6t her mal refugi ad t hr ou-ghannél mbitatdeesogedeityc(foalsy nel s h ac
large woody debris jams) can support successful migration through reaches that are otherwise
elevated above the assumed thermal threshold (Poole and Berman 2001).

PathogensAt this time, three of the six major Cow Creek tributaries are 303(d) listed for not
meeting water quality standards for pathogens (fecal coliform): Oak Run Creek, Clover Creek,
andSouthCow Creek(Table6-1). Little Cow Creekis 303(d)listedfor not meetingwaterquality
standards for heavy metals (status 5A; Tablg.@Cow Creek and its tributaries are typically at
very low flow levels during the summer due to multiple upstream uses and diversions (Western
Shasta RCD and CCWMG 2005). There is a need for more information on water flows, water
temperature, and water bacteria levels in order to assess current conditions dedridngnd
responses to altered management.

As with water temperature (discussed above), other water quality concerns can be addressed
through increased riparian vegetatmover and floodplain connectiviiNaiman et al. 2005).
Pathogenssuchasfecal coliform, are most effectivehgducedn streanmwatersby excluding

cattle from the channels (fencing) and by increasing extent and percent cover of perennial
herbaceouplantswithin thefloodplainandchannebankssothatsurfaceandnearsubsurface

runoff carrying pathogens and sediment is physically filtered by plant stems and through the
rooting zone before reaching the channel (Lowrance et al. 1984, Daniels and Giliam 1996,
Micheli and Kirchner 2002, Tate et al. 2006).

Table 6-1. Cow creek tributaries that are listed asimpaired under the Clean Water Act section
303(d) (California Water Board 2010).

Reachor tributary 303(d)listing
MainstemCow Creek Not listed
Little Cow Creek 1 mile reacf‘belowAfterthoughtI\Z/Ii|rr11‘<:a listedfor Cadmium,Copperand
OakRunCreek 6 mile reachlistedfor pathogengfecalcoliform)
CloverCreek 11 mile reachlistedfor pathogengfecalcoliform)
Old Cow Creek Not listed
SouthCow Creek 8 mile reachlistedfor pathogengfecalcoliform)

6.1.3 Wildlife

Northwestern pond turtl&C{emmysmnarmorata marmoratg osprey Pandion haliaetus and

Shasta salamandg@tlydromanteshastag are state and/dederallylistedspecieghat are at least
partially or fully dependent upon riparian zones and have been reported in Cow Creek watershed
(SHNandVestra2001).Several listear speciaistatusspecieccurin thewatershedut arenot

riparian dependents (e.g., northern spotted 8§ occidentalis caurigh American peregrine
falcon[Falco peregrinusAmericand, andringtail [Bassariscusstutu$) (SHNandVestra2001).
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Improved riparian vegetation and floodplain access support these listed riparian dependent
specieaindimprovehabitatandsupportpopulations ohonlistedspeciesncludingriparian
songbirds and wildlife that use the riparian corridor to move and interbreed throughout the
broader landscape (RHJV 2004, Naiman et al. 2005).

6.1.4 Invasive non-native plants found in riparian areas

Large areas of the mid and lower Cow Creek watershed have been converted to rangeland, and
invasive nomnative plants (aka, weeds) are likely to be prevalent in many of these areas. In the
upperreachesforestharvestingandfire suppressiomaveaffectedvegetatiortypeand vegetation
structure; orthe other hand, invasive plaapecies arbkely to be less prevalent in these forested
areas. One recommendation from the Cow Creek Watershed Management Plan is to conduct
inventorieso document existingonditions,includingdetrimental nomativeinvasiveplantsand

native and nomative riparian vegetation in the whole contributing area (Western Shasta RCD
and CCWMG 2005). Upland species, such as French and scotch l&egtisug scopariuand

Genista monspessulana&heat grasBfomus tectorui and pampass grassdrtaderia

selloang, are found in the uplands adjacent to the riparian corridor (SHN and Vestra 2001).

Through our riparian vegetation mapping and brief field survey of Cow Creek, we found many
invasive nomnative plants in the riparian corridors of Cow Creek watershed, particularly below
5,000ft elevation.Themostcommoninvasiveplantfoundin riparianareasandparticularlyalong
irrigation canals is Himalayan blackberry. Monocultures of Himalayan blackiverey observed
growing along many miles of irrigation ditches mapped as line features for this project (see
Section 4VegetationMapping). Many other invasive plants occur, but are lesgjuent. Yellow

star thistle Centaurea solstitiallswas common in the uplands and several of the riparian field
sites (Table ). Invasive plants introduced from gardens or other residential plantings, such as
common fig Ficus caricg and tree of heaver\ilanthus altissima are more common in the
residential areas of Cow Creek mainstem and lower tribut@wesdohas also been observed

from aerial imagery and by others on the ground (e.g. Tricia Bratcher, pers. comm.), but was not
encountered at any of the field sites during the Cow Creek field surveys.

Removalandreplantingwith nativeplantspeciess animportantmeansof controllingthe spread

of these invasive species and managing for a diverse and healthy riparian corridor. By nature,
invasive nomnative plants will continue to appear (brought in from tires, shoes, gardens, water,
wind, etc.) in the riparian corridor and contributing area; these are best addressed through
constant monitoring and early removal.

Table 6-2. Invasivenortnativeplantsfoundin Cow Creekwatershedalongwith theirinvasive
status per the California Invasive Plants Courtii{//www.calipc.org/)and the number of
observations of these species recorded during the 2013 field effort.

Number of
Scientific name Commonname CallPC rank observationsin Cow
Creek
Ailanthusaltissima Treeof heaven Moderate 1
Arundodonax Giantreed High *
Centaureasolstitialis Yellow starthistle High 3
Cynosurugchinatus Annualdogtail Moderate 2
Ficuscarica Fig Moderate 1
Hirschfeldiaincana Mediterraneamustard Moderate 1
Menthapulegium Pennyroyal Moderate 4
Phalariscanariensis Canarygrass Moderate 1
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Rubusarmeniacus Himalayanblackberry High 35
Rumexcrispus Curly dock Limited 1
Torilis arvensis Hedgeparsley Moderate 1
Tragopogordubius Westerrsalsify Not listed 1

*This speciesvasnotobservediuring Stillwaterfield surveyshowever TriciaBratcherof CDFW andothershave
reported multiple observations of this species in Cow Creek watershed.

6.2 Priority Management Areas, Cow Creek

Theprecedingeviewof priority issuesn Cow Creekwatersheded usto recommendocusing
restoration and/or protection of riparian vegetation in the lower reaches where observations of
steelhead and Chinook have been made, including:

Little Cow Creek

Old Cow Creek

South CowCreek
Mainstembelowthe SouthCow Creekconfluence

=A =4 =4 =4

High summer water temperatures, low water quality, and low flows have all been listed as
stressors to steelhead and-falh Chinook in Cow Creek (NMFS 2014, SHN and Vestra 2001).
Therefore recommended management actions focus on restoring or protecting existing riparian
corridors to increase channel shade, floodplain connectivity, and channel structural diversity
(hyporheic exchange). These vegetatielated actions will have a greater chance of improving
aqguatic habitat if done in concert with efforts to increasstrigam flows. More detailed
description®f recommendedctionsareprovidedin thetextbelowand summarizeth Table6-3

in section 6.2.5 Annotated List; locations of each recommended action are provided in a Google
Earth kmz file (Cow Creek Action Reaches.kmz) and GIS shapefile that accompany this report.

6.2.1 Little Cow Creek

Chinook and steelhead have been reported up to Diddy Wells Falls along Little Cow Creek;
however high streat@mperatures are believediitmit both fall-run Chinookand steelhead there
(SHN andVestra 2001). Much ahechannejust belowDiddy Wells Falls (reacl2d in Figure 5

5) appears constrained by bedrock and offers little opportunity for development of a rich riparian
corridor. However, areas below this reach could be restored to improve stream temperatures
(reducesolar heatingindincreaséhyporheicexchangeandaddress areasith high bankerosion.

Cattle trails and low ground cover are visible along mid and lower Little Cow Creek, and we
recommend working with landowners to erect fencing to exclude cattle from within 100 ft of the
channel in several areas along condition reaches 2a, 2b, and 2b (Fgue3 &nd 64). The
floodplainandbanksaboveandbelowthe Duraroadcrossingalonglower conditionreach2c also

has a lower amount of riparian woody vegetation than areas upstream and downstream and
increased protection and potentially planting in this area should be explored to increase channel
shade and protect the existing floodplain from further suburban encroachment (Figures 6
through 64).
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xclude cattle from within 100
ft of channel

B 199

Figure 6-2. Condition reach 2a along Little Cow Creek. Recommendedaction is to exclude
cattle from 100 ft buffer of channel.

| 5 ]
B 1 y

Figure 6-3. Condition reach 2c, site 1 along Little Cow Creek. Recommendation is to protect
floodplain and banks and explore options to increase woody riparian cover along
the south bank.
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Figure 6-4. Condition reach 2c, site 2 along Little Cow Creek. Recommendation is to work with
landowners to exclude cattle from within 100 ft of channel along south bank.

6.2.2 Old Cow Creek

Water temperatures are sufficiently cool for anadromous fish throughout the year in upper Old
Cow Creek (NMFS 2014). Adult steelhead have been reported in Old Cow Creek below
Whitmore Falls (NMFS 2014 and SHN and Vestra 2001). Areas below Whitmore Falls have
muchlessexistingripariancoverthanpotential;partof thislow riparianvegetatiorcover could

be recovered by cattle fencing while other areas could be more actively restored to increase
floodplain connection (e.g. along reach 6b; FiguréstiBrough 67).
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Exclude cattle from within 100 ft of
channel

Protect native floedplain habitatl

2013 lats 40:5619

Figure 6 -5. Condition reach 6a along lower Old Cow Creek. Recommendation is to exclude
cattle from within 100 ft of channel on the river left (south side of channel) and to
protect existing excellent floodplain habitat on a section of the river right.

Exclude cattle from within 100 ft of
channel

i
o

Google earth

Figure 6-6. Condition reach 6b, site 1 along Old Cow Creek. Recommendedaction is to exclude
cattle from 100 ft buffer of channel.
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econnect, replant
floodplain
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Figure 6 -7. Condition reach 6b, sites 2 and 3 along lower Old Cow Creek. Management
recommendations include excluding cattle from within 100 ft of the channel,

replanting the bankswith native riparian willows and oaks, and exploring options to
increase floodplain connectivity along the river left.

6.2.3 South Cow Creek

Adult steelhead have been reported in South Cow Creek alomngjle Eeach located
approximatelyl.5milesbelowthe SouthCow CreekDiversionDamto about3.5milesabovethe

dam (Healy 1997 as cited in NMFS 2014). Steelhead spawning has also been observed farther
upstream including along Atkins Creek (SHN and Vestra 2001). Fish habitat conditions in South
Cow Creek at and above Waggoner Canyon have been noted as suitable for spawning adult and
rearing juvenile steelhead, and that water temperatures are sufficiently cool for anadromous fish
throughout the year in upper South Cow Creek (NMFS 2014). Active diversions for agriculture
and for PG&E hydropower reduce flows along the mid reaches of South Cow Creek and could
importantly affect juvenile steelhead rearing in these areas (NMFS 2014; USFWS 1995). In the
lower reaches farther downstream, water temperatures rise to stressful and even lethal levels
between June and October, possibly constraining the period of adulggtion (NMFS 2014).

Periods of access to South Cow Creek by salmonids could be limited due to low flows and
concomitant high stream temperatures in the fall. This could be particularly true in the lowest
reachesincludingcondition reache%a3, 1a4, 7a, 7land 7c (Figur&-5 and Figures-8 through

6-17). We recommend exploring options to protect or restore active floodplains along Reaches
1a3, 1la4, and 7a, particularly where there appears to be potential for increasing juvenile rearing
habitat(e.g.,Figure6-17). Otherpriority areador actionincludethe southsidebanksalongthese
reacheso increaseshadeandLWD recruitment intdhe channel (e.gpriority areas3 and4 along

South Cow Creek condition reach 1a4 (Figwk)®. Reaches 7b and 7c both appear to have

lower vegetation cover than these areas could potentially support and we recommend working
with the NRCS or RCD to develop programs that encourage ranchers to exclude cattle from a
100t buffer of the channel. Added riparian shade and hyporheic exchange in these areas could
also reduce downstream temperatures. Reach 7c, over a mile above the Old Cow Creek
confluence, appears to have the potential to provide high quality salmonid habitat that could be
expanded and improved (Figured ® and 613). We recommend building on the habitat quality

in the areas downstream of the high quality habitat in Wagoner Canyon to create a core of
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excellentsteelheadhabitatalongSouthCow Creek(NMFS 2014;Figures6-10through6-17).
Other wildlife species could also benefit from such actions.

Figure 6 -8. Condition reach 1a3 on South Cow Creek below Clover Creek confluence,
recommended priority area sites 1, 2 and 3 (upper left, lower left, and right,
respectively).

Figure 6-9. Recommended priority sites at South Cow Creek - Clover Creek confluence along
condition reach 1a3 site 4 (upper site) and at Reach 1a4 site 1 (lower site).
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