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EXECUTIVE SUMMARY

Thegoalsof this project wer¢o: (1) detecPhytophthoraspecies that are either currently impacting or
have the potential to seriously degrade populations of covered plants in the Plan Area, seithi®) u
information to devalp a management strategy to minimize introductions of pathogens and limit/contain
impacts in affected area¥Ve developed a sampling strategy by using GIS data to determine where
various priority habitat typesith Phytophthorasusceptiblesegetatiomrmight be exposed to
Phytophthoracontamination from roads, trails, past restoration plantings, or other knowratiskays

We also consideregdroximity tolands enrolled or proposed for enrollment in the NCCP reserve system
access, anth-field observation of vegetation symptoms and risk factrsleterminesampling

locations

We collected 189 samples from Santa Clara County PankkSanta Clara Count@pen Space Authority
preservesand other reserve system areas \nitji+priority vegetation typesSixty-eight samples were
collectedin extant populations dfoyote ceanothugeanothus ferriside An extensive, but still
localized, infestation involvingnultiple Phytophthoraspeciesat Anderson Lakposes the greatest threat
to any of theCoyote ceanihuspopulatiors at this time Preventing spread of contamination from the
infested area on the western Anderson Dam abutment to nearby stands should be a high priority.
Additional detections dPhytophthoranear the reservohigh-water line pose bbng-termconcern if the
pathogens spread uphill from these ardisytophthoravas recovered only from seasonal stream water
below theKirby CanyonCoyote ceanothysopulationand a pond edgadjoiningthe Llagas population.
Phytophthoraspecies detected streamwater and the pond edge differed from those infecting the upland
stand ofCoyote ceanothusn theAnderson Danabutment. Nd’hytophthoraspecies were found in the
sampledCoyote ceanothustands on CoyotRidge

Twenty Phytophthoraaxa were ideffied across all samples?hytophthoraspecies were detected in
67% of 21 water samplesollectedacross all sampled location$hese included sprinfpd ponds where
contamination may have been introduced via grazing livesteokty-four root/soil samfes were
collected from sitethat areperiodically floodd and 124 root/soil samples were from upkodflats
andlowlands not subject to inundatioRPhytophthoraspecies were recovered fr&8% of the
periodically flooded sitesand9% of sample®f natural vegetatiofrom drier upland and flat/lowland
sites About half of the uplandndflat/lowland Phytophthoradetections are associated with the
Phytophthoranfestationin native vegetatioon the western abutmeat Anderson DamFive sample
from transplantechursery stocKupland or flat/lowland sitegtfour reserveyieldedtwo Phytophthora
detections.

Ourbaseline samplingndicates thaPhytophthoranfestations arencommonn and near reserve system
landsand are mostly associated withownrisk factors folPhytophthorantroduction Because

eradication oPhytophthoraspecies within all but very small infested areas is difficult to impossible,
management practices should emphasize prevention. This includes preventing introdacithtionial
Phytophthoraspecies into habitat areas and prevergmgadrom existing infestations intadditional

areas Best management practices to accomplish these management objectives are discussed in this
report.
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1. INTRODUCTION

Phytophthoraspecies are microscopic Oomycetes (water moles3viously considered fungi, these
microorganisms are more closely related to the brown algae than to tgileMore than 120
Phytophthoraspecies have been described to date, and virtually all are plant pathDgseeses caused
by Phytophthoraspecies include root rots, stem cankers, and blights of fruit and ledessranges of
individual Phytophthoraspecies may be relatively narrow or very wide, encompassing thousands of plant
species in many unrelated familieBhe potential host ranges of mé3tytophthoraspecies are unknown
because relatively few of these pathogens have been sindiegdth, andnost studies focus on disease
problemsn agriculturalcrops. When introduced into native ecosystems, various eRititophthora
species have proven to be serious to devastating path@aemss 2011a,bjansen et al 200 enricot

et al 2017,Jung and Baschke 2004Rizzo et al 20055wiecki et al 2011Wills 1993. Sudden oak death,
caused byhytophthora ramorurandroot rotcaused by. cinnamomare two notable exampl@s
California (Rizzo et al 2005, Swiecki et al 2011)

Recent research has higjtited the importance of diseases caused by eRbiftophthoraspecies in Bay
Area and other northern California native habitats. In particular, faytpphthoraspecies have been
detected in nursery stock planted into habitat areas in restorationtpioj€alifornia(Bourret 2018,
RooneyLatham et al 201&h Sims et al n.d.Swiecki et al 2015, 20)And Oregon (Reeser et al 2012,
Weiland 2015) This has greatly increased the chancesRhgtophthoraspecies will establish and
spread in habitat aas, affecting the growth and survival of native species.

Root disease and plant mortality caused by exRiitophthoraspecies pose a threat to the health,
functioning, and sustainability of natural plant communities. Introdustibthese pathogernsto habitat
areas within the Santa Clara Valley Habitat Plan hegathe potential to directly affect listed plant
species, such &oyote ceanothy®r entire habitats that support other listed spediage such situation
has already beeseemnear Arderson Lake Dam. Spread of the various introdiRtedgphthoraspecis
from aninfested arean the dam abutmeirito adjacent habitat poses a threat to the sustainabilibyeof
Coyote ceanothusopulationin that area Threats posed by invasion of his by exotic pathogens were
not directly addressed in the Conservation Strategy of the habitat conservation@teaver they are
broadly evaluated as part of the Nonnative Species or Disease changed circumstance.

In this project, we samptto testfor the presence of introduc@&tytgphthoraspecies in natural
communities within the plaarea Our goalsvereto: (1) detecPhytophthoraspecies that are either
currently impacting or have the potential to seriously degrade populations of coveredrpthetPlan
Area, and (2) utilize this information to develop management sieatigminimize introductions of
Phytophthorgpathogendnto new areaand limitor contain impacts in affected areas key partof this
effort wasidentifying plant commuities that are most likely to be at risk fovasionby Phytophthora
High-risk plant communities thatereidentified as sensitivplant communities in thBatural
Community Conservation PlaNCCP) constitutel the highest priority for observation anahsplingin
this project
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2. METHODS

2.1. Sampling strategy

We developed a conceptdedmework for assessing thisk of Phytophthorantroduction and spread
based on diseaspidemiology vegetation, site factors, and land uses. Introduction risk wesllad as

a multiplicative function of:

- Phytophthoranoculum density;

- the mass or volume of contaminated material transported by various processes; and

- site receptivity, which accounts for both host susceptibility and environmental factors/trat fa
pathogen establishment.

Other host, pathogen, and environmental factors were coupled with this risk function to develop risk
ratings specific to sitesndbr land uses.

To prioritize potential sampling areas, we used akdSed analysis to asséise receptivity of plant
communities and likely routes of contamination withilfs, open space preserves, atiterlands
enrolled or proposed for enrollment in the NCCP reserve systdarred to as theeserve systerar
reserves in this documentYo ewaluate potential risks in these areas, we ove@d&lilayerdor trails,
road, and watercoursesjurce riskatings, siteeceptivityratings, and priority plant communities
aerial imagery of the reserve¥/e then evaluated these factatsng withadditionalvegetation antand
use detailwisible in aerihimageryusing3-D renderings of the landscapesshowrelative elevations
and drainage directiongAll these factors wertaken into accourto identify priority areafor sampling.
A detaileddescription of the process used to identify plant communities at rigkdgophthora
introduction was presented in our 30 November 2016 report to SCXHApdated version ohat report
is included in section 5 of this report.

When visiting field sitesthe priority sampling areas identified in this process were used as a starting
point. In-field observationselated to risk factors, susceptible vegetation, and sensitive plant community
types as well asaccessibility affectedfinal choiceof samplinglocations. Where present, vegetation
showing symptoms consistent with Phytophthora root disease was sampled preferentially. However,
plans with few or no obvious symptoms were sampled in areas considered to be atatdk.21

provides a summary ompling conducted under this project.

2.2. Phytophthora detection and identification

2.2.1. Use of pears to bait Phytophthora

Because&Phytophthoraspecies can be difficult to isolate from diseased plants, plant pathologists have
traditionally used variosiplant materials to baihytophthorarom soil and water sample®aiting takes
advantage of the fact thBhytophthoraspecies release swimming zoospores in the presence of free
water. Zoosporesletect and swim towarahiemical attractants releasedrfr plantmaterial. Once
zoosporeseach the plant materijahey encyst, germinate, airdtiate infections.Erwin and Ribeiro
(2005) review the use of baits for detectiPigytophthora

Different plant materials used for baits, including leaves, saggjland fruits, vary in their susceptibility
to the variouhytophthoraspecies. No single bait will detect Blhytophthoraspecies. Among baits,
green pears are readily available, are susceptible to many common and undemytophthoraspecies,
and ae relatively easy to interpret based on the presence of visible lesions (Fijur@ears can be
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used to deted®hytophthoran soil samples, water samples, and root samples. It is important that pears
be as green and blemish free as possiiigtophhoraspecies are among the few organisms that can
infected green, unwounded pears. Other species, slRyitaamspecies, can infect ripe pears, and
wounds on green pears. The presence of many blemishes on the pear skin can results in numerous
Pythiumlesions on the pear (Rythiumis present in the sample), which can make it more difficult to
detectPhytophthordesions.

Table 2-1. Samples collected for this project by location.

Number root/soill Number water
Location Sampling date samples samples
Anderson Lake County Eadnothug 17 March 2017 32 1
ferrisiapopulations 18 and 27 December 2017
17 January 2018
Coyote Riddgeeanothus ferrisiae 4 November 2016 8 0
population
Kirby CanydPeanothus ferrisiae 24 October 2016 17 5
population 17 January 28
LlagaLeanothus ferrisigapulation | 26 October 2016 10 0
Almaden Quicksilver County Park [ 14 April 2017 8 0
CalercCounty Parqorth 17 August 2016 16
Calero County Padouth 10 April 2017 10 3
29 December 2017
Coyote Lake/Harvey BearcR 18 December 2017 12 4
County Park 10 January 2018
Coyte Valley Open Space Presery 28 June 2017 7 0
15 January 2018
Joseph D. Grant County Park 21 December 2017 9 0
Pachec@reek Reserve 17 May 2017 8 2
Palassou Ridge OSP 29 March 2017 4 5
17 May 201
Santa Teresa County Park 10 April 2017 12 1
28 June 2017
Ranch&afadale Oro Open Space| 28 June 2017 11 0
Preserve 6 and 29 December 2017
Sierra Vista Open Space Preserve| 15 January 2018 4 0
Total number of locati{ 15 7
Totalnumber of saples | 168 21
ITotal samples=189
2.2.2. Phytophthora identification using nucleotide  sequencing

Dr. Latham of CDFA provided species definitions based on information in PhytophthoraDB.org, a
curated database of sequences based at Pennsylvania Stateitynivais resource was infected with a
computer virus in fall 2017 and is currently unavailable. CDFA identifications made after that point
utilized PhytophthoralD.org, a curated database maintained by the Griinwald lab, Horticultural Crops
Research Labatory, USDAARS, Department of Botany and Plant Pathology, Oregon State University.
In addition, some nucleotide sequences have been checked by Dr. Latham and ourselves against the
noncurated collection at the National Center for Biotechnology Informatich National Library of
Medicine (referred to as NCBI or GenBank). This large collection of sequences is not curated, but is the
standard depository for genetic sequences for published and unpublished research. The supplemental
tables at the end of threport present the CDFA sequence identification numbers foPégtbphthora
culture submitted for identification.
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Identification ofPhytophthorasolates to species level for this project was based on genetic sequencing of
the internal transcribed spaq(ITS) regions of nuclear ribosomal RNA (rRNA) between the 18S gene,

the 5.8S gene, and the 28S gene. The genes are clustered together and separated by the ITS regions, i.e.
18S gend ITS16 5.8Sgend ITS20 28S gene. Although the nucleotide seqasnof the genes

have little variation between species, the order of nucleotides in the ITS regions are highly variable
between species and thus extremely useful for distinguistgtpphthoraspecies. Other genes can also

be sequenced to aid identifiaat.

When a new species is described, a type culture is designated. Pligiophthoraspecies were named

and described prior to the advent of nucleotide sequencing. Hence, for many @&uddpkthora

species were identified based on microscopic featas well as host ranges and cardinal temperatures for
growth and reproduction. As a result, many isolates were assigned to species that subsequent genetic
analyses have shown to be species complexes. Newer species descriptions of some species discuss
acceptable variations in ITS sequences. For other species, it is unclear how much variation in the
sequence is acceptable. For example, if the ITS sequence of an unknown varies by a single nucleotide
(base pairpr two from that of a known species, isiill the same species? The answer to this question
varies by the species and is discussed in the results presented below. ITS sequences uploaded to
GenBank may not represent the species assigned to the sequence if the original species designation was
based solely on morphological characters. This is primarily a problem for species that have few if any
distinguishing morphological features and were described before the routine use of nucleotide
sequencing.In addition, some of the type cultures for gps described in the early 1900s have been lost
over time, and no designated types exist today.

Over the course of this study, the fee structure for DNA sequencing by the CDFA lab changed
substantially. At the study start CDFA charged $30 a cultureefguencing the ITS and COX2 gene
regions, but the cost for sequencing each individual gene has since increase#860 $@0culture. As a
result, we discontinued routinely requesting COX2 sequences for submitted cultures, so only ITS
sequences are alatdle for most of our isolates.

2.2. Water samples

Water samples were collected by skimming the surface of the water with pivoting plastic sampling vessel
on an extendable pole (Figu2el). Each water sample consisted of 5 to 8 separate skimmed sutsample
that were combined in a heavy dutgdllon zipclosurebag containing a green D'Anjou pedtears

were selected to be as blemish free as possilile.total water volume of each sample was about 2.5 L.
Sample bags were supported in plastic contaimedswere placed in a cooler for transport. Upon return

to the laboratory, sample bags were opened and placed in an incubator that cycled diurn2llyGrom

(night) to24.5 C (day). After three days of incubation, pears were removed and rinsed witit¢éapnd
incubated on clean paper towels in trays for up to 5 days. Isolations were made from lesions on pears as
described below for root/soil samples.
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Figure 2.1. Top - Collecting water sample at Pacheco Creek Reserve. Lower left - Pear and water
sample in plastic bag at time of collection. Lower right i Brown lesions on pear are Phytophthora
symptoms that developed after three days of incubation (note: this positive sample was not from the
Pacheco Creek Reserve).

2.3. Root/ soil samples

During thedry season, roottld samples were collected by first scraping away organic debris and loose
surface soil with a trowel . For dry soil, we use
up the soil to a depth of about-20 cm and collectedd and associated roots from this loosened soil.

For damp soil, we were able to dig sampldilywith anarrowtrenchingshovel anfbr trowel. We
emphasized the collection of live and dead root pieces in all samples, which are more likely than is the
bulk soil to be associated wihytophthoranoculum. Samples generally consisted of 3 to 6 subsamples
taken around the root zones of sampled plants and totaled about 1 to 1.5 liter in volume. Samples were
collected inl-gallonheavy duty zipclosure jastic bags. Samples were placed in a cooled insulated
container for transport back to the laboratory. Sampling tools were thoroughly cleaned and disinfested
with 70% isopropanol between all samples.
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Charcoalfiltered tap water was added to samples togdosoil to field capacity and create favorable
environmental conditions for sporangium production. Root/soil samplegharimcubated for 30 3.5
days at20-24.5 Cto allow time for sporangia to forimefore being flooded and baited with green D'Anjou
pears Samples collected in winter at cool ambient soil temperaivgss also incubated at 3 to 3.5 days
at 2024.5 C to promote sporangium formation before baiting even if soil moisture was near field
capacity. @nmples from saturated areas (e.g., peddes) were flooded and baited directly upon return to
the lab without a preincubation period.

Each pear baivaswashed with a dilute detergent solution and thoroughly rinsed before use. Pears were
labeled with the sample number and placed into atstigpression created in the center of the soil sample
in the collection bag. Roots @achsample were clipped with sterilized scissors as necessary to ensure
that they did not extend above the water laftdr the sample was floodetVater was addedtflood
eachsample ta depthof about 45 cm above the soil level in the baglooding stimulates release of
zoospores that can infect the pedtss likely thatpears can also be infected directly by other propagules
such as directly germinating sjamgia, chlamydospores, and mycelitivat arenear the pear

Pears remained in the flooded soil for up to 5 days at #81Z0C temperature regime. Pears were
removed before 5 days#hytophthorasymptoms developed before this time. Typically, symstalid

not devéop until afterat least 3 days of incubation. During the incubation period when pears were
checked, the soil/root sample in the bag was manipulated to mix portions of the sample from the bottom
of the bag into the upper portion of the sénpThis was done to increase the likelihood that that

inoculum that might be present at the bottom of the sample would not be completely restricted by the
overlying soil.

Pears were rinsed with tap watgronremoval from the sample baged incubated oolean paper towels

in trays at room temperatur®earghat did not develop symptoms by 8 days from the start of baiting
were considered to be negative Rirytophthora Symptomatic pears were photograplaed the

pathogen was isolated from lesions ttheveloped on the peardo obtainPhytophthorasolates, pears
were first surfacalisinfested by placing them in 0.5% NaOCI (diluted bleach) fe4®8econds. Pieces
from the edges of suspdehytophthordesionswere cutoutusing aseptic technique @placed into

carrot agar in petri dishes. Mycelium that grew out of the tissue pieces was examined periodically with a
microscope. Initial identification was based on morphology of mycelium and spores. Representative
cultures for each observed suspddtdytophthoramorphotype were sent to Dr. Suzanne Lath&emior
Plant Pathologist at the Plant Pest Diagnostics B&mnt Health and Pest Prevention Servi€i3FA for
identification by DNA sequencing of the ITS regiohnuclear ribosomal RNA (rRNA)
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3. RESULTS AND DISCUSSION

A total of 20Phytophthoraaxa(including described specigzrovisional speciesand undescribed taxa

were detected during sampling for this projethese are listed in Tab&12. Nearly allthe
Phytophthoraaxawe recoeredwere already described in the scientific literaturenatched TS

sequence dataf unpublishedrovisionalspecies that had beeploaded taGGenBank Phytophthoraaxa
arecommonlygiven provisional namebatare used in the scientific literaturatil speciedescriptions

are formally publishedSeveral of ourisolatesr e i dent i f i ed kwiot hb etchaeu sseu fl fTi Sx
sequencediffered fromthe published sequencleg one or twdbase pasand published information was
insufficient to determine tether our variant could be considered the same taxon or an undescribed close
relative(Table3.12). Species complexes are noted Rorcryptoga andP. megaspermeolatesthatdid
notmatch the type species but do match other named isolaBEniBank These specieslescribed

before the advent of genetic sequenchaye many isolates i@enBankthathave ITS sequences up to 6

or morebase pasdifferentfrom the type species and doubtless represent undesqpitesibly closely
relatedspecies.Brief descriptions for all species and taxa recovered are list8ddtion6. Genetic
sequencing results for recovered isolates is given in tables presented in the narratives for each sample
location (Sections 2.and 33).

We recovered one specithat daes not have any published sequence and is considered to be an
undescribed specie$Ve gave this species the provisional naPd¢axon agrifoliawvhen we firsisolated

it from aQuercus agrifolianursery stoclplanting site in a restoration project in SdateoCountyin

2016 It was foundn this studyin two widely-separated, dissimilar sites, suggesting Fhaaxon
agrifoliamay have been present in the area for an extended period. We are planning to describe this
species formally in collaboration thiresearchers at UC Davis and CDF2ection 6 describes what is
known about host ranges and symptoms for €mhophthoraspecies recovered in this study.

In a recent study by researchers at University of California, Davis, root/soil samples wergeddhiom
outplanted nursery stock at 31 restoration sites in Santa Clara County (Bourret 2018). They detected 38
Phytophthoraspecies from 191 samples collected at mostly riparian planting locations (Bourret 2018).
This is more than twice the numberspiecies that we recovered from 169 terrestrial samples. The

greater diversity oPhytophthoradetected by the UC Davis researchers in large part reflects the fact that
they sampled nursery stock almost exclusively, whereas our sampling focused pomaalyrally

established vegetation. Nursery stock has a very diverse Rixypdbphthoraspecies, which is further
increased by sampling material produced over multiple years and by various nurseries (Bienapfl and Balci
2014, Parke et al 2014, Roorkegtham et al 2015). Furthermore, because Rbytophthoraspecies are
continually being introduced into nurseries over time, the establishmBhiytdphthoraspecies into

native habitats typically lags their original introduction in the nursery trade.

3.1. Phytophthora detections relative to site moisture regime

To examine how site factors relatedPytophthorgpresence, sample results were citadsilated

against various factordBased on field notes and imageg @haracterizedach samplaite accordig to

its topographic and hydrological setting and then grouped these into three moisture categories as shown in
Table3.11. The water category includes all water samples, whereas the other two categories divide the
soil/root samples into wetter sites tlaaeseasonally or periodically flooded, and dry sites that are not

subject to inundation. Note that sites characterized as dry may become saturated during periods of
rainfall andmay undergo intermittent ponding (mainly flat/lowland) or be exposedtacsurunoff
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originating upslope. The moisture categoriescater coded blugéwater) green(periodic flooding) and
orange(dry) in this table and other tables in this section.

Table 3.1.1. Moisture categories assigned to specific sample site types in this report.
Site moisture category

Water Periodic flooding Dry

puddle ravine/swale flat/lowland
pond floodplain upland
reservoir waterbody edge

seasonal runoff trail

seasonal stream
% ofPhytophthopsitive samples within category

67% 5%% %

3.1.1. Water samples
Sixty-sevenpercent of the water samplesllectedyielded d least ond’hytophthoraspeciegFigure

3.11). Phytophthoraspeciesveredetected in water samples from all locations except from Pacheco
Creek Reservevhere ndPhybphthoraspecies were detected in tweparatevater samplesollected
from theflowing creek in May 2017 Eight Phytophthoraspecies were detectém the21 water
samples. The total diversity of species found in water for this project is much lessahtound in
sampled waterways downstream from restoration sites and housing in the San JdBe area.
gonapodyidegP. lacustriscomplex andP. chlamydosporavere each detected in water samples from
three different locations (Tabl&s12 and3.13). P. gonapodyides?. lacustriscomplex andP.
chlamydosporavere also detected in root/soil samples from shiasare periodically inundated. This
indicategthat these speciesther persist in soil for some time after floodingsarvive by invadingoots
or other organic matter in soillhe other species detected in wakergcerina,P. crassamural. taxon
forestsoitlike, P. megaspermandP. ramorun) were found in one location eacR. crassamuravas
detected in ephemeral runoff in a roadsideld whereas others were from larger streaBach of these
species, with the exception Bf taxonforestsoitlike, are known as plant pathogens of various plaRts.
taxonforestsoitlike is known from a river in Taiwarthe ITS sequence of our isaatdiffes by onebase
pair from the TaiwarP. taxonforestsoitlike isolate

3.1.2. Root/soil samples from sites with periodic flooding
Phytophthoravas baitedrom periodicallyflooded sample locations at 12 of the 13 locations where such

sites were sanhgd. Overall Phytophthoraspecies wereecoveredrom 59% of the44 root/soil samples
collected in sites subject to periodic flooding. Among sites grouped in this moisture category (Table
3.11), those at the edge of a waterbody were most likely tetsstive forPhytophthoraspecies (Figure
3.11).

Sites subject to periodic flooding also had the greatest diverdiiiyabphthoraspecies (Tabl8.1.3).

Sixteen of the 20 species isolated in this study were found in such sites. Of these 16%ppe@ss are
members oPhytophthoraclade 6 (Table.1.3). Phytophthoraspecies are grouped into clades of closely
related species based on genetic similarities (e.g., Yang et al 2017). As a group, members of clade 6 have
good saprophytic ability anaften inhabit aquatic or wetland ecosystems. Members of clade 6 are
commonly detected in surveys of river and stredusthe pathogenicity of many of these aquatic

species is not well documented. OtRéytophthoreclade 6 specieare commonly found iterrestrial
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sites. Phytophthora megaspernmperhaps the bekhown plant pathogen in cladeand causeroot
rots in many species.

The most frequently isolated species in periodietiipded sites waP. crassamurgTable3.1.3). Four
locations teted positive foP. crassamura As noted above, &recoveredP. crassamurdrom

ephemeral runoff water at Coyote Lake Harvey Bear County Park (Fde A similar detection was
made in another part of the same park, where we recoRe@dssamurdrom mud picked up on boots

on a wet section of trail shortly after a rain. These finds suggest that the species can be readily spread
under wet conditions via surface runoff and tracking of wet surface soil (Fddie We also detected

this species imipland (dry site) samples of roots/soil collected under declining plants on either side of
Anderson Lake Dam (TabR15, Figure3.22-2 in Sectior3.22 below).

P. crassamuras a primarily-terrestrial clade 6 specidsatwas described recently (Saaat al 2015) as a
root pathogen of native species in Sardinia (Italghlates ofP. crassamuravere previously assigned to
P. megaspermavhich ismorphologically similar and closely relateB. crassamurdas been detected
recently in northern Califmia in nursery stock planted at habitat restoration agesgell as in nurseries
(Sims n.d.). Bourret (2018) detected it in samples frestoration sites in Santa Clara County. Itis a
homothallic species that forms thigkalled oospores. These rdaist spores probably enhance its ability
to survive whermoved in contaminated soil.

P. gonapodyidesvas detecteth samplesiearly aftenasP. crassamurand was detected at more
locations(Table3.1.3). P. gonapodyidesvas detecteth five periodially-flooded soil/root samplesom

four locations and in water samples from two other locations (Bab®. P. gonapodyidess also likely

to occur in water at the three locations where it was detected only in soil/root samples. This species can be
isolated from asymptomatic plant roots and has been detected in California nursery stoakf{Bind

Balci 2014). It has good saprophytic abilities apgpeardo naturalizewhen introduced into new aquatic
environments.

P. gonapodyides, Racustrisconplex, andP. chlamydosporahe most frequently detected species in
water(Table3.1.3) were not recovered from water samples in the creek at PaCneek Reseryebut all
three were recovered from a root/soil sample fAmtemisia douglasiangrowing inthe floodplain. This
was the only detection in an intermittently flooded siteHolacustriscomplex P. chlamydosporaas
also recovered frorasamplecontaining roots ofleadCeanothus ferrisiaandArctostaphylos glauca
plants that were temporarilgundated when th&ndersonLake reached ithigh-water level in early
2017.

P. inundatg another clade 6 species, was found in four periodically flooded saimplteselocations.

ITS sequences differed by one or thase pas betweerisolates from dilerentlocations. Other clade 6
species found in periodically flooded sites at two locations indi&dé&xon raspberry, anfd. riparia.
Clade 6 specieB. asparagiand a species in tlie megaspermeomplex were found at one location each
(Table3.12, 3.13).

OtherPhytophthoraspecies found at periodicallgundated sitebelong to other clades. These included
severalwell-known terrestrial plant pathoger: cactorum, P. cambivora, species in thE. cryptogea
complex, andP. multivora The otler detectedaxawereP. europaedike, P. pseudocryptogeandP.
taxon agrifolia. P. pseudocryptogeaas described in 2018, europaedike is an inexact match to a
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known pathogen, and P. taxon agrifolia is an undescribed species, as noted aboeelittierscknown
about the pathogenicity or host ranges of thiessetaxa.

3.1.3 Dry samples
The majority of our samples were collected from sitesracterized as drgue to the emphasis in this

study onCoyote ceanothusvhich only occurs in upfad locations.Amongsampled natural vegetation in

the two topographi c ,pedetectetPhytopbthocah B% efflaf/lowand as A dr y o
samplesompared to 8% afamples fronupland sitesKigure3.11.). Phytophthoravas detected at five

of the 15 locationsvhereflat/lowland or upland siteweresampled Table3.13, Figure3.12).

P. cambivoravas the most widely distributed species detected, occuatifige locations At oneof
thesdocatiors, it wasfound onplanted nursery stoakear aparkingarea but other detections were in
native habitats P. cambivoravas most frequently linked to presencefercusspeciesn this study
We have previously detect® cambivoran association witldecliningQ. lobataandQ. agrifolia, othe
hardwood trees, anthtiveshrub specieat multiple northern California locations?. cambivorahas
been detected frequently in stock from California restoration nurseries (Latham et al 2016).

P. cambivoraand several othd?hytophthoraspecies weralso detecteth the stand o€oyote ceanothus
and other chaparral species on the wegterson Lake dam abutmerithis multispecie®hytophthora
infestationis likely due tothe planting of infectedCoyote ceanothusursery stock for habitaéstoration
atthat site in1993 OtherPhytophthoraspecies founéh the Coyote ceanothustandon the dam
abutmentn this study includ€. cactorum, P. crassamurandP. megaspermeomplex In previous
sampling in this area for SCVYWD in 2015, we dete®edrypt@eacomplex andP. syringaeas well as
P. cactorumandP. cambivora Overall, the detection of, and diversity Bhytophthoraspecies in
upland species on the Anderddamabutment was higher than at any other upland location (Figure
3.13, Table3.15).

Spread oPhytophthoradrom this infested area into near@pyote ceanothustands has been a concern
since the infestation was identified. In this sunkeycrassamuravas detected along the Lake View trail
on the south side of the lakeJanuary @18 sampling However, it is not clear whether this apparently
localized infestation is due to contaminatiotroducedfrom the west dam abutmeoit another area
infested withP. crassamura Notably, noPhytophthoraspecies have been detectediatein the stands
north of the spillway or on Coyotidge. OtherPhytophthoradetections at Anderson Lake are discussed
in furtherdetail in sectior8.2.1 below.

P. pseudocryptogeandP. taxon ohioensidike were found in one location each in flat/lowlanmstions
(Table3.14). P. pseudocryptogeaas recently described and littkeknown about its pathogenicityP.

sp. ohioensis is an undescribed species from Eastern United States isolated from oak forests. It has also
been detected in a survey of deirlg street trees in Austral{®arber et al 2013).

P. cactorumwas found on transplant&tunus ilicifoliaat Pachec&reek ReserveP. cactorumis a
well-known pathogen with a wide host range that is common in nursery stock.
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Table 3.1.2. Phytophthora species (or taxa) detected by location, sample site types, and plant roots

present in root/soil samples. Multiple plant species present within a sample are separated by commas. A

dash (-) is used to separate samples with different plant species combinations.

Phytophthora Location Sample site type| Plantrootspresent in sample
detected
acerina Kirby Canyon seasonal stream| water
asparagi Anderson Lake County Parkl waterbody edge | Ceanothus ferrisiae
cactorum Anderson Lake County Park] udand Ceanothus ferrisiae, Heteromeleg
(dam abutment) arbutifolia
Pachec€@reek Reserve flat/lowland Prunus ilicifolia
nursery traplants
Sierra Vista Open Space ravine/swale Platanusacemas Artemisia
Preserve douglasiana, Scrophularia califorf
cambivora Andeson Lake County Park | upland Ceanothus ferrisiae, Heteromeleg
(dam abutment) arbutifolia
Calero County Padouth ravine/swale Quercus lobata
Coyote Lake Harvey Bear | flat/lowland Quercus lobata, Quercus agrifolig
County Park Heteromeles arbutifolia
Coyote Lake Harvey Bear | upland Quercus lobata, Toxicodendron
County Park diversilobum, Pinus sabiniana
Joseph Grant County Park | uplandnursery | Quercus kelloggii
transplants
Ranch&afiadae Oro Open | upland Quercus douglasii
Space Preserve
chlamydspora Anderson Lake County Parlj reservoir water
Anderson Lake County Parkl waterbody edge | Ceanothus ferrisiae, Arctostaphyl
glaua
Calero County Padouth seasonal stream| water
Pachec€@reek Reserve floodplain Artemisia douglasiana
Santa TerasCounty Park seasonal stream| water
crassamura Anderson Lake County Parkl upland -Artemisia californica
(dam abutment) -Artemisia califorpiSalanum
umbelliferum
Anderson Lake County Parkl upland Heteromeles arbutifolia, Artemisia
californica, Bacdlapilularis
Anderson Lake County Park] waterbody edge | -Baccharis pilularis

-Ceanothus ferrisiae
-Ceanothus ferrisiae, Arctostaphy
glauca

-Ceanothus ferrisiae, Artemisia
californica

Coyote Lake Harvey Bear
County Park

seasonal runoff

water

Coyotéd.ake Harvey Bear
County Park

trail

mud and leaves

Ranch&anadae Oro Open
Space Preserve

ravine/swale

Quercus lobata

Sierra Vista Open Space
Preserve

ravine/swale

Quercus lobataygpcus agrifolia
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Phytophthora Location Sample site type| Plantrootspresent in sample
detected
cryptogeaomplex| Santa Teresa County Park | ravineswale Eleocharis, Quercus lobata, Arter
douglasiana
gonapodyides Anderson Lake County Park| reservoir water
Anderson Lake County Parkl waterbody edge | Ceanothus ferrisiae
Joseph Grant County Park | waterbody edge | Salix sp, grass, Mentha pulegium
PachecdCreek Reserve floodplain -Artemisia douglasiana
-Platanus racemosa, Conium
maculatum, Bromus diandrus, Cit
vulgare
Palassou Ridge Open Spacq floodplain Platanus racemosa, Quercus agr
Toxicodendron diversilobum
Coyote Lake Harvey Bear | puddle water
County Park
Kirby Canyon puddle water
Kirby Canyon seasonal stream| water
inundata CalerdCountypark- north waterbody edge | forbs, gras&kocharis

Santa Teresa County Park

ravine/swale

-Artemisia douglasiaQaercus
lobata, Rosalifarnica, Sambucus
nigrassp.caerulea

- Artemisia douglasiana, Bacchar
pilularigEymus

LlagagCoyote ceanothuabitat]

waterbody edge

CarexorCypeus, Cynodon dactylor
Ceanothus ferrisiae, Frangula
californica, Juncus xiphioides,
Paspalum didtiom

lacustrisomplex | Anderson Lake County Park reservoir water
Kirby Canyon seasonal stream| water
Kirby Canyon seasonal stream| water
Pachec@reek Reserve floodplain Artemisia douglasiana
Palassou Ridge Open Spacq river water
megasperma Anderso Lake County Park | waterbody edge | Ceanothus ferrisiae
complex Anderson Lake County Parkl upland Artemisia californica, Baccharis
(dam abutment) pilularis
Palassou Ridge Open Spacq river water
multivora Santa Teresa County Park | floodplain Umbellularalifornica, Quercus
agrifolia
pseudocryptogeal Coyote Lake Harvey Bear
County Park flat/lowland Acaciap, Eucalyptisp
Santa Teresa County Park | ravine/swale Quercus lobata, Rosa californica,
Artemisia douglasiana, Sambucu
nigrassp.caerulea
Siera Vista Open Space ravine/swale Quercus lobatgrass
Preserve
ramorum Calero County Padouth river water
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Phytophthora Location Sample site type| Plantrootspresent in sample
detected
riparia Coyote Valley Open Space | waterbody edge | watercresgrass Salix sp.

Preserve

Joseph Grant County Park

waterbody edge

Salixspp

taxonagrifolia

Anderson Lake County Park

waterbody edge

Ceanothus ferrisiae

Ranch&afiadale Oro Open
Space Preserve

ravine/swale

Quercus lobata

taxon europaea
like

Santa Teresa County Park

floodplain

Umbellularia californica, Quercus
agrifolia, Querdobata

taxon foreststke

Kirby Canyon

seasonal stream

water

taxon ohioensis | Ranch&€anadae Oro Open | flat/lowland Quercus lobata, Toxicodendron
like Space Preserve diversilobum, Frangula californicg
taxon raspberry | CalerdCountypark- north watelbody edge | -crabgrass, bermudagrass, mono

- forbs grassEkocharis

Joseph Grant County Park

waterbody edge

Salix spgrass Mentha pulegium

1Coyote ceanothus habitat
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Table 3.1.3. Phytophthora species by detection frequency and site moisture category. The clade of each

Phytophthora species (Yang et al 2017) is also shown.

Number of positive sample Number of positive locations
Total Total
positive periodic postive periodic
samples| Taxon dry floodin locations | dry | flooding| water | cladce
crassamura 3 4 1 4 1 6b
gonapodyides 0 6 0 4 3 6b
7 | lacustrisomplex 0 1 4 0 1 3 6b
6 | cambivora 5 1 0 5 4 1 0 /a
5| chlamydospora 0 2 3 4 0 1 3 6b
4| inundata 0 4 0 3 0 3 0 6a
3 | cactorum 2 1 0 3 2 1 0 la
3 | megaspernw@mplex 1 1 1 2 1 1 1 6b
3 | pseudocryptogea 1 2 0 3 1 2 0 8a
3 | taxon raspberry 0 3 0 2 0 2 0 6b
2 | riparia 0 2 0 2 0 2 0 6b
2 | taxon agrifolia 0 2 0 2 0 2 0 8
1 | cryptogeaomplex 0 1 0 1 0 1 0 8a
1| acerina 0 0 1 1 0 0 1 2C
1| asparagi 0 1 0 1 0 1 0 6
1 | taxoreuropaalike 0 1 0 1 0 1 0 /a
2 | taxorforestsollke 0 0 2 1 0 0 1 6
1 | multivora 0 1 0 1 0 1 0 2c
1 | taxorphioensibke 1 0 0 1 1 0 0 4
1 | ramorum 0 0 1 1 0 1 8c
Totab
189| Totakamples collect{ 124 44 21
TotaPhytophthon 14 26 13
53 positive| 11% 5% 6706
Numbeofsamples i
Coyote ceanoth
68 habitai 55 12 1 4 2 0
Number of sampl
15 locationg 15 13 7 5 12 6
Number dthyophthora
20 taxa] 6 16 7

*Numbers above will not sum to these totals because multiptensangueaae than Bhgtophthora

speciedncludes natural vegetation and transplanted nursery stock.
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Table 3.1.4. Sample site types, Phytophthora species detected, and location.

Sample site type \ Phytophthoraspeciesdetected Location

WATER

pudde gonapodyides Coyote Lake Harvey Bear County
Park, Kirby Canyon

seasonal runoff | crassamura Coyote Lake Harvey Bear County P

(road)

seasonal stream | acering forestsoitlike, gonapodyides] Kirby Canyon
lacustriscomplex

chlamydospora Calero County PaHsouth, Santa
Teresa County Park
reservoir chlamydosporagonapodyides Anderson Lake County Park
lacustriscomplex
river lacustriscomplex megasperma Palassou Ridge Open Space
complex
ramorum Calero County Parsouth
INTERIITTENT FLOODING
waterbody edge | asparagi, chlamydospora, Anderson Lake County Park

crassamura, megaspern@mplex,
taxon agrifolia

gonapodyides Anderson Lake County Park, Josep
Grant County Park
inundata Calero Countyd&k- north, Llagas
Coyote ceanothupopulation
riparia Coyote Valley Open Space Preserv
Joseph Grant County Park
taxon raspberry Calero County Parknorth, Joseph
Grant County Park
floodplain chlamydospora, lacustrisomplex PachecdCreek Reserve
gonapodyides PacheccCreek Reservéalassou
Ridge Open Space
multivora, taxoneuropaealike Santa Teresa County Park
ravine/swale cactorum Sierra Vista Open Space Preserve
cambivora CaleroCounty Park south
crassamura Rancho (@ada de Oro Open Space
Preserve Sierra Vista Open Space
Preserve
cryptogeacomplex,inundata, Santa Teresa County Park
pseudocryptogea Sierra Vista Open Space Preserve
taxon agrifolia Rancho (dada de Oro Open Space
Preserve
trail crassamura Coyote Lake Harvey Bear County P
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Sample site type

Phytophthoraspeciesdetected

Location

DRY

flat/lowland cambivora, pseudocryptogea Coyote Lake Harvey Bear County P
taxon ohioensidike Rancho (dada de Oro Open Space
Preserve
flat/lowland cactorum(from transplanted nursery] PachecdCreek Reserve
transplant stock)
upland crassamura Anderson Lake County Pdtlake
View trail andwest cam abutment)
cactorum, megaspermeomplex Anderson La& County Parkwest
damabutment)
cambivora Anderson Lake County Pdrkest
damabutment), Coyote Lake Harvey
Bear County ParlRancho G@ada de
Oro Open Space Preserve
upland cambivora(from transplanted Joseph Grant County Fka
transplant nursery stock)

Table 3.1.5. Sample locations, sample site types, humber of samples with and without Phytophthora
detected, and identity of Phytophthora species detected.

Number of
samples
Location Sample site type| Neg | Pos | Phytophthoraspeciesdetected
Almaden Qicksilver County | upland 8 0
Anderson Lake County Park| reservoir 0 1 | chlamydospora, gonapodyides

(other than dam

lacustriscomplex

abutment) waterbody edgé 3 6 | asparagi, chlamydospora,
crassamura, gonapodyides,
megaspermaomgex, taxon agrifolial
upland 10 1 crassamura
Anderson Lake County Park| flat/lowland 1 0
west dam abutment upland 6 5 cactorum, cambivora, crassamura,
megaspermaomplex
Calero County Parsouth pond 1 0
seasonal stream| O 1 | chlamydospora
river 0 1 ramorum
ravine/swale 0 1 | cambivora
flat/lowland 3 0
upland 6 0
Calero County Paranorth waterbody edge 2 2 inundata, taxon aspberry
upland 12 0
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Number of
samples
Location Sample site type| Neg | Pos | Phytophthoraspeciesdetected
Coyote Lake Harvey Bear | pond 1
County Park puddle 0 1 gonapodyides
seasonal runoff 0 1 | crassamura
(road)
seasonal stream 1 0
trail 0 1 crassamura
flat/lowland 1 2 | cambivora, pseudocryptogea
flat/lowland 1 0
nursery stock
upland 6 1 cambivora
Coyte RidgeCoyote upland 8 0
ceanothuspopulation
Coyote Valley Open Space | waterbody edge 0 1 riparia
Preserve ravine/swale 3 0
upland 3 0
Joseph Grant County Park | flat/lowland 1 0
upland 5 0
upland 0 1 | cambivora(from transplanted
transplant nursery stock)
waterbody edge 0 2 | gonapodyides, riparitaxon
raspberry
Kirby Canyon puddle 0 1 gonapodyides
seasonal stream| O 3 | acering forestsoillike, gonapodyides
lacustriscomplex
ravine/swale 1 0
upland 1 0
transplant
upland 12 0
PachecdCreek Reserve river 2 0
floodplain 1 2 | chlamydosporagonapodyides
lacustriscomplex
flat/lowland 1 1 cactorum(from transplanted nursery
transplant stock)
flat/lowland 3 0
Palassou Ridge Open Spacg seasonal stream 1 0
river 1 3 lacustriscomplex,megasperma
complex
floodplain 3 1 | gonapalyides
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Number of
samples
Location Sample site type| Neg | Pos | Phytophthoraspeciesdetected
Rancho (fdada de Oro Open| ravine/swale 0 1 | crassamurataxon agrifolia
Space Preserve flat/lowland 3 1 | taxon ohioensidike
flat/lowland 1 0
transplant
upland 4 1 | cambivora
Santa Teresa County Park | seasonaktream 0 1 | chlamydospora
floodplain 2 2 multivora, taxoneuropaealike
ravine/swale 2 3 | cryptogeacomplex,inundata,
pseudocryptogea
flat/lowland 1 0
transplant
upland 2 0
Sierra Vista Open Space ravine/swale 0 3 crassamura, cactorum,
Preserve pseudocryptogea
flat/lowland 1 0
Llagas Coyote ceanothus waterbody edgé 0 1 inundata
populationt upland 9 0

1ICoyote cearts habitat
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Figure 3.1.1. Number of samples with and without Phytophthora detections (bars) and percent of
Phytophthora-positive samples (horizontal lines) by sample type.
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Figure 3.1.2. Number of upland samples with and without Phytophthora detections (bars) and percent of
Phytophthora-positive samples (horizontal lines) by location. Ceanothus ferrisiae habitat locations are on
the left.
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3.2. Test Coyote ceanothus populations for Phytophthora
Detailsof the Phytophthorasampling conducted in ¢éhthreeCeanothus ferrisiapopulation areas
(Anderson Lake, Kirby Canyon, and Llagas) are presented in this section.

3.2.1. Anderson Lake population

Background
Sampling conducted for the Santa Clara Valley Water District in 2015 revealed tRaathethig

ferrisiae habitat on the dam abutment at Anderson Lake was contaminated with aPhixtophthora
species. N&hytophthoraspecies were detected@ ferrisiaehabitat north of the spillway at that time
(Figure 31.1-1).

Phytophthoracontamination othe dam abutment was traced to a restoration planting in 1993 that used
nurserygrownC. ferrisiae transplants Survival ofC. ferrisiaeplanted inthe 1993 restoration plantings

was variable. Wood chip mulch and basins werestsentat many sites,ra at one sample location
(AD18) we found a discarded Deepot container. Many of the transpli@ntedisiaewere dead, and

some sites were entirely empty. Most of the dead plants were relatively short, about 0.5 m or less. Given
that dead plants westill present in some locations more than 20 years after planting, it appeared that a
number of these plants survived for some years before dying. Mortakitgtefomeles arbutifoliand

C. ferrisiaewas observed around all planting locatioRhytophtlora cactorumwas detected in 8 of the

13 samples collected in or near planting bashsambivoravas also detected in two of these eight
samples. A strain in thie. cryptogeacomplex was deteetl in two samples arfél. syringaewvas detected

in one sampleDetections were widely distributed throughout the planted area (Figudel3.

Sampling details

For this project, we expanded the sampling locations for the Anderson Lake popul&idardEiaeto
determineghe extent of th@hytophthoranfestation on the dam abutment and to look for additional
infestations We sampledhe stands o€. ferrisiaein the eastern unit of Anderson Lake County Park on

17 March 2017 (AD24 AD29). The lake levels were still extremely high, and we were unabéati

theC. ferrisiae standthatis only accessible from the lake shore. We collected one water sample from the
boat landing among partially submerdgeaccharis pilularisplants (AD23). On the same date, we

collected samples from the dam abutment area todiudélineate the extent of tRéytophthora

infestation in that area (AD3AD35). Samples were collected beyond the area previously sampled for
Santa Clara Valley Water District.

On 18 December 2017, we sampled the small sta@dfefrisiaethat growsalong the lake shore

southeast of the dam (AD38D39). At that time, the lake level was ab@3tm (75 ft) below the

Anderson Dam spillwayNumerousC. ferrisiae had become established in the bare lake shore below the
main stand The reservoir level Isebeen kept at a low drasown condition (60% capacity or less) since
approximately 2009 because of seismic restrictions placed on theTdase plants had been inundated
duringhigh waterevels in the reservoir in early 2017 and were dead. We cadlecte sample from the
root systems of dead plants and three other samples from larger individuals growing along titeabove
high-waterline near thespillway elevatior(190.5 m%$25 ff).

We resampled this area on 27 December 2017 after det&ttingphthoa in the previouslyinundated
deadplant sample. At this sampling date, we collected samples fromGldadisiaeindividuals and
other nearby plants along the lake high water line on both the east{AD40) and west (AD46AD47)
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sides of the dam. @nsample (AD42) was collected among dBadcharisnear the point where we had
previously sampled water when the lake was near the high water in March 2017 (AD23). We also
collected samples froi@. ferrisiaeplants in the area north of the spillway andloem dam abutment
(AD43-AD51).

We sampled a few additional sites on 17 January 2018. Two points were sampled along the Lake View
trail near the Anderson Lake parking area (AD52 and AD53)itaeepoints were sampled west of

Coyote Rd (AD54ADA46) to hdp delineate the western edge of Bieytophthoranfestation on thelam
abutment.

All Anderson Lakesample locations are shown in Fig@.@1-2 and samples are described in Table
3.21-1. ldentification details foPhytophthoraspecies determinatiomse given in Tabl8.21-2.

Coyote Ridge stand
We sampled the Coyote Ridge standCefinothus ferrisiaaorthwest of Anderson Dam on 4 November

2016. Sample locations are shown in Figdi21-3 and samples are described in Tah21-3.

Sampling res ults
No Phytophthoravas detected in samples collected in the eastern unit on 17 MarchRtéphthora

was detected in samples collected from the dam abutment area and the reservoir water sample. The water
sample from the reservoir yielded three spedfPhytophthoraall of which we have found in other

waterways in the San Jose ar&irains in thé?hytophthora lacustrisomplexappear to be the most
commonPhytophthoraspecies in waterways in the San Jose area. We have recBvelddmydospora

andP. gonapodyidemuch less frequently. NBhytophthorahad been detected in a previous water

sample we tested from the same area of Anddra&ain 2015 when reservoir levels were much lower

(ADO08). However, wénaddetected strain in thd?. lacustis complexfrom a water sample collected

several hundred meters downstream from the dam in Coyote @re&zkMarch 2015AD22, Figure

3.2.1:3).

P. cambivoradetected asample point AD30Qwas previously detected on the dam abutment in
association with ying and decliningCeanothus ferrisiaandHeteromeles arbutifoli@gsample points
AD18 and ADO06, Figur&.21-1).

We had noted a patch of deaAdemisia californicawhen sampling 25 March 2015. At that time, we did
not detecPhytophthoran a root/soilsample collected at point AD12. The area of deadalifornica

had expanded by 2017, and newly wilting plants veeenaround the margins of the area (sample point
AD32). In addition, another area of dead and declidingalifornicawas noted on onef the terraces
near the Serpentine Trail (sample point AD3B).crassamurgoriginally identified a®?. megaspermpga
was isolated from root/soil samples from both locations. We had not previously recovered this species
from the dam abutment area. Tfirgd increased the numbBhytophthoraspecies detected in
association with dead and declining native vegetatiothe westlam abutmento five: P. cactorumP.
cambivora P. cryptogeacomplex,P. crassamuraandP. syringae This high Phytophthoradiversity in a
relatively small area is consistent with introduction by means of the restoration nursery €ock of
ferrisiaethat was planted on the abutment in 1993. All the detected speclewane to occuin

nurseries.
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Upland areas were sampled toatatine whethePhytophthoraspeciedrom the infested dam abutment
havespread into nearb@oyote ceanothustands. In January 2018 sampling, we deteetemtassamura

in association with symptomatic toyons on the Lake View trail south of the dam (Aidb8e 3.21-4).

To date thisis the only upland sampling site away from the infested area on the dam abutment where
Phytophthorahas been detectedhis sample was collectéa a relatively flat areaextto an unpaved
roadtrail and just below anothaide trail ands a site where infested soil could have been deposited by
park users (pedestrians, equestrians) or by park vehithessource ofnoculum forthis apparently
localized infestatiorwould be the dam abutment. HowewRrcrassamurdas ben found inmultiple
locations in the resensystem Table3.1.3) and undoubtedly occurs in developed landscapes in the area
so the contamination could also have come from outside the phrkadditionalinfestationbeyond the
dam abutmenincreaseshe potential foP. crassamurdo be spread t€oyote ceanothusabitat south of
the dam via movement of contaminated soil along trditss findalso emphasizes the risk to t@eyote
ceanothustand north of the spillway, which is closer to the inf@steeas on the abutment. The lack of
established trails into that area has likely played a major role in preventing sprea@loftthighthora

into that stand to date.

We detected an unexpected diversityPhf/tophthoraspecies amon@eanothus ferrisiaand other

woody speci es ahigbwaterlihehinesamplescalectedin Dedember 2(Fgure3.21-

5). This zone is an unusual environment. Its original condition was a steep midslope uplzaxi

remained a dry slope for years becaoselake levelshave been maintained since about 20B8cord

rains in early 2017 raised the reservoir level to above the spillway, and the plants that had established into
this dry slope environment wer e fydlooded. Itdismatclgar t i me
whether the periods of saturation and inundation experienced by plants in this area would have been

lethal. However, the detection of multigkaytophthoraspecies associated with the roots of these dead

plants suggests thateth were functioning as isitu whole plant baits fdPhytophthoraandit is likely

that these pathogens contributed to the demise of the plants.

The presence of clade 6 spedregijonapodyideandP. chlamydospora these plants was not

surprising, esgcially given the detection of both species in the March 2017 water sample collected near
floodedBaccharis pilularisnear the boat ramp (AD23). However, the prevalenée ofassamurand
detections oP. asparagi andP. taxon agrifolia were not anticiped. Phytophthorehad not been detected

in samples collected near thigh-water line north of the dam in 2015. [Rbytophthoravasdetected in
December 2017 samples collected abovenhthh-waterline (AD36, AD38, AD39), so the detections in
plants alog thehigh-water line most likely originated from inoculum carried in the water. A likely
source of this inoculum is a residential devel op mi
(Holiday Lake Estates}he edge of which is about 1.1 km from gaenpled areas south of the dam.

Runoff from the development would flow directly into the lake during heavy rainfall. Given the amount
of nursery stock planted around the houses in this development, runoff would likely &inteophthora
inoculum frommultiple species. Especially when high water levels were reached in 2017, runoff
including spores and infected plant debris would have been channeled past the sampling sites.

Although thislake shore infestation is associated with an unusual eveansg the potential to pose a
long-term risk to theCoyote ceanothustands close above the lake shore on both sides of theltiam
Phytophthoranfections have spread intoots ofsome plants on the base of the slopgtto thehigh
water line,Phytophthoa could begin to spread upslope via rodéctions.
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A summary of alPhytophthorasampling results for the Anderson LaReyote ceanothysopulation is
shown in Figure3.21-6.

Coyote Ridge stand
Phytophthoravas not detected in any of the sammasCoyte Ridgeg(Figure3.21-3). We had

previously visited and sampled this population 22 July 2015 for a different project aatsdaot
detectedPhytophthoran any samples at that time.

Figures and Tables

Google earth N : ]G
|05 Goog 100 ft
Figure 3.2.1-1. Location of sampling sites in 2015 at Anderson Dam. Phytophthora cactorum, P.
cambivora, P. syringae, and/or P. cryptogea complex were detected at sample locations shown in red;
others were negative for Phytophthora. Pink inverted droplet icons are locations of known 1993 nursery
stock plantings of Ceanothus ferrisiae (based on information provided by SCVWD staff; location near
AD18 was adjusted based on field observations during sampling in March 2015).
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Figure 3.2.1-2. Locations for Phytophthora samples collected at Anderson Dam. Blue pushpins mark
sites of 1993 nursery container stock plantings of Ceanothus ferrisiae. Other icons mark sampling
locations. White and yellow icons indicate negative samples; pink and red icons indicate a Phytophthora
detection. Pink and yellow pushpins icons mark soil/root samples collected for this project. White and
red circles are locations of soil/root sample collected for SCVWD in February and March 2015 (also
shown in Figure 3.2.1-1). The inverted droplet icons mark water samples (AD08 from March 2015 and
AD23 from March 2017). Water level exceeded spillway height during spring 2017 when AD23 was
collected. Sample descriptions and Phytophthora species identifications are in Tables 3.2.1-1 and 3.2.1-
2. Image date 11/2/2016.
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