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EXECUTIVE SUMMARY  

The goals of this project were to: (1) detect Phytophthora species that are either currently impacting or 

have the potential to seriously degrade populations of covered plants in the Plan Area, and (2) use this 

information to develop a management strategy to minimize introductions of pathogens and limit/contain 

impacts in affected areas.  We developed a sampling strategy by using GIS data to determine where 

various priority habitat types with Phytophthora-susceptible vegetation might be exposed to 

Phytophthora contamination from roads, trails, past restoration plantings, or other known risk pathways.  

We also considered proximity to lands enrolled or proposed for enrollment in the NCCP reserve system, 

access, and in-field observations of vegetation symptoms and risk factors to determine sampling 

locations. 

We collected 189 samples from Santa Clara County Parks, and Santa Clara County Open Space Authority 

preserves, and other reserve system areas with high-priority vegetation types.  Sixty-eight samples were 

collected in extant populations of Coyote ceanothus (Ceanothus ferrisiae).  An extensive, but still 

localized, infestation involving multiple Phytophthora species at Anderson Lake poses the greatest threat 

to any of the Coyote ceanothus populations 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 of Phytophthora near the reservoir high-water line pose a long-term concern if the 

pathogens spread uphill from these areas.  Phytophthora was recovered only from seasonal stream water 

below the Kirby Canyon Coyote ceanothus population and a pond edge adjoining the Llagas population.  

Phytophthora species detected in stream water and the pond edge differed from those infecting the upland 

stand of Coyote ceanothus on the Anderson Dam abutment.  No Phytophthora species were found in the 

sampled Coyote ceanothus stands on Coyote Ridge. 

Twenty Phytophthora taxa were identified across all samples.  Phytophthora species were detected in 

67% of 21 water samples collected across all sampled locations.  These included spring-fed ponds where 

contamination may have been introduced via grazing livestock.  Forty-four root/soil samples were 

collected from sites that are periodically flooded, and 124 root/soil samples were from uplands or flats 

and lowlands not subject to inundation.  Phytophthora species were recovered from 59% of the 

periodically flooded sites, and 9% of samples of natural vegetation from drier upland and flat/lowland 

sites.  About half of the upland and flat/lowland Phytophthora detections are associated with the 

Phytophthora infestation in native vegetation on the western abutment at Anderson Dam.  Five samples 

from transplanted nursery stock (upland or flat/lowland sites) at four reserves yielded two Phytophthora 

detections.   

Our baseline sampling indicates that Phytophthora infestations are uncommon in and near reserve system 

lands and are mostly associated with known risk factors for Phytophthora introduction.  Because 

eradication of Phytophthora species within all but very small infested areas is difficult to impossible, 

management practices should emphasize prevention.  This includes preventing introduction of additional 

Phytophthora species into habitat areas and preventing spread from existing infestations into additional 

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

report. 
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1. INTRODUCTION 

Phytophthora species are microscopic Oomycetes (water molds).  Previously considered fungi, these 

microorganisms are more closely related to the brown algae than to true fungi.  More than 120 

Phytophthora species have been described to date, and virtually all are plant pathogens.  Diseases caused 

by Phytophthora species include root rots, stem cankers, and blights of fruit and leaves.  Host ranges of 

individual Phytophthora species may be relatively narrow or very wide, encompassing thousands of plant 

species in many unrelated families.  The potential host ranges of most Phytophthora species are unknown 

because relatively few of these pathogens have been studied in depth, and most studies focus on disease 

problems in agricultural crops.  When introduced into native ecosystems, various exotic Phytophthora 

species have proven to be serious to devastating pathogens (James 2011a,b, Hansen et al 2000, Henricot 

et al 2017, Jung and Blaschke 2004, Rizzo et al 2005, Swiecki et al 2011, Wills 1993).  Sudden oak death, 

caused by Phytophthora ramorum and root rot caused by P. cinnamomi are two notable examples in 

California (Rizzo et al 2005, Swiecki et al 2011).  

Recent research has highlighted the importance of diseases caused by exotic Phytophthora species in Bay 

Area and other northern California native habitats.  In particular, many Phytophthora species have been 

detected in nursery stock planted into habitat areas in restoration projects in California (Bourret 2018, 

Rooney-Latham et al 2015a,b, Sims et al n.d., Swiecki et al 2015, 2017) and Oregon (Reeser et al 2012, 

Weiland 2015).  This has greatly increased the chances that Phytophthora species will establish and 

spread in habitat areas, affecting the growth and survival of native species.   

Root disease and plant mortality caused by exotic Phytophthora species pose a threat to the health, 

functioning, and sustainability of natural plant communities.  Introductions of these pathogens into habitat 

areas within the Santa Clara Valley Habitat Plan area have the potential to directly affect listed plant 

species, such as Coyote ceanothus, or entire habitats that support other listed species.  One such situation 

has already been seen near Anderson Lake Dam.  Spread of the various introduced Phytophthora species 

from an infested area on the dam abutment into adjacent habitat poses a threat to the sustainability of the 

Coyote ceanothus population in that area.  Threats posed by invasion of habitats by exotic pathogens were 

not directly addressed in the Conservation Strategy of the habitat conservation plan.  However, they are 

broadly evaluated as part of the Nonnative Species or Disease changed circumstance.  

In this project, we sampled to test for the presence of introduced Phytophthora species in natural 

communities within the plan area.  Our goals were to: (1) detect Phytophthora species that are either 

currently impacting or have the potential to seriously degrade populations of covered plants in the Plan 

Area, and (2) utilize this information to develop management strategies to minimize introductions of 

Phytophthora pathogens into new areas and limit or contain impacts in affected areas.  A key part of this 

effort was identifying plant communities that are most likely to be at risk for invasion by Phytophthora.  

High-risk plant communities that were identified as sensitive plant communities in the Natural 

Community Conservation Plan (NCCP) constituted the highest priority for observation and sampling in 

this project. 
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2. METHODS 

2.1. Sampling strategy  

We developed a conceptual framework for assessing the risk of Phytophthora introduction and spread 

based on disease epidemiology, vegetation, site factors, and land uses. Introduction risk was modelled as 

a multiplicative function of: 

- Phytophthora inoculum density;  

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

- site receptivity, which accounts for both host susceptibility and environmental factors that favor 

pathogen establishment.   

Other host, pathogen, and environmental factors were coupled with this risk function to develop risk 

ratings specific to sites and/or land uses.  

To prioritize potential sampling areas, we used a GIS-based analysis to assess the receptivity of plant 

communities and likely routes of contamination with parks, open space preserves, and other lands 

enrolled or proposed for enrollment in the NCCP reserve system (referred to as the reserve system or 

reserves in this document).  To evaluate potential risks in these areas, we overlaid GIS layers for trails, 

road, and watercourses, source risk ratings, site receptivity ratings, and priority plant communities on 

aerial imagery of the reserves.  We then evaluated these factors along with additional vegetation and land-

use details visible in aerial imagery using 3-D renderings of the landscapes to show relative elevations 

and drainage directions.  All these factors were taken into account to identify priority areas for sampling.  

A detailed description of the process used to identify plant communities at risk for Phytophthora 

introduction was presented in our 30 November 2016 report to SCVHA. An updated version of that report 

is included in section 5 of this report. 

When visiting field sites, the priority sampling areas identified in this process were used as a starting 

point.  In-field observations related to risk factors, susceptible vegetation, and sensitive plant community 

types, as well as accessibility, affected final choice of sampling locations.  Where present, vegetation 

showing symptoms consistent with Phytophthora root disease was sampled preferentially.  However, 

plants with few or no obvious symptoms were sampled in areas considered to be at risk.  Table 2-1 

provides a summary of sampling conducted under this project. 

2.2.  Phytophthora  detection and identification  

2.2.1. Use of pears to bait Phytophthora   

Because Phytophthora species can be difficult to isolate from diseased plants, plant pathologists have 

traditionally used various plant materials to bait Phytophthora from soil and water samples.  Baiting takes 

advantage of the fact that Phytophthora species release swimming zoospores in the presence of free 

water.  Zoospores detect and swim towards chemical attractants released from plant material.  Once 

zoospores reach the plant material, they encyst, germinate, and initiate infections.  Erwin and Ribeiro 

(2005) review the use of baits for detecting Phytophthora.  

Different plant materials used for baits, including leaves, seedlings, and fruits, vary in their susceptibility 

to the various Phytophthora species.  No single bait will detect all Phytophthora species. Among baits, 

green pears are readily available, are susceptible to many common and uncommon Phytophthora species, 

and are relatively easy to interpret based on the presence of visible lesions (Figure 2-1).  Pears can be 
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used to detect Phytophthora in soil samples, water samples, and root samples.  It is important that pears 

be as green and blemish free as possible. Phytophthora species are among the few organisms that can 

infected green, unwounded pears. Other species, such as Pythium species, can infect ripe pears, and 

wounds on green pears.  The presence of many blemishes on the pear skin can results in numerous 

Pythium lesions on the pear (if Pythium is present in the sample), which can make it more difficult to 

detect Phytophthora lesions. 

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

Location Sampling dates  
Number root/soil 
samples  

Number water 
samples 

Anderson Lake County Park Ceanothus 
ferrisiae populations 

17 March 2017 
18 and 27 December 2017 
17 January 2018  

32 1 

Coyote Ridge Ceanothus ferrisiae 
population 

4 November 2016 8 0 

Kirby Canyon Ceanothus ferrisiae 
population 

24 October 2016 
17 January 2018 

17 5 

Llagas Ceanothus ferrisiae population 26 October 2016 10 0 

Almaden Quicksilver County Park 14 April 2017 8 0 

Calero County Park - north 17 August 2016 16  

Calero County Park - south 10 April 2017 
29 December 2017 

10 3 

Coyote Lake/Harvey Bear Ranch 
County Park 

18 December 2017 
10 January 2018 

12 4 

Coyote Valley Open Space Preserve 28 June 2017 
15 January 2018 

7 0 

Joseph D. Grant County Park 21 December 2017 9 0 

Pacheco Creek Reserve 17 May 2017 8 2 

Palassou Ridge OSP 29 March 2017 
17 May 2017 

4 5 

Santa Teresa County Park 10 April 2017 
28 June 2017 

12 1 

Rancho Cañada de Oro Open Space 
Preserve 

28 June 2017 
6 and 29 December 2017  

11 0 

Sierra Vista Open Space Preserve 15 January 2018 4 0 

 Total number of locations 15 7 
 Total number of samples1 168 21 
1Total 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 State University.  This resource was infected with a 

computer virus in fall 2017 and is currently unavailable.  CDFA identifications made after that point 

utilized PhytophthoraID.org, a curated database maintained by the Grünwald lab, Horticultural Crops 

Research Laboratory, USDA-ARS, 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 Information, U.S. 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 this report present the CDFA sequence identification numbers for each Phytophthora 

culture submitted for identification. 
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Identification of Phytophthora isolates to species level for this project was based on genetic sequencing of 

the internal transcribed spacer (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 gene ð ITS1 ð 5.8S gene ð ITS2 ð 28S gene.  Although the nucleotide sequences of 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 distinguishing Phytophthora species.  Other genes can also 

be sequenced to aid identification.   

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

and described prior to the advent of nucleotide sequencing.  Hence, for many decades Phytophthora 

species were identified based on microscopic features as 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 pair) or two from that of a known species, is it still 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 species 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 culture for sequencing the ITS and COX2 gene 

regions, but the cost for sequencing each individual gene has since increased to $70-$80 per culture.  As a 

result, we discontinued routinely requesting COX2 sequences for submitted cultures, so only ITS 

sequences are available 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 (Figure 2-1).  Each water sample consisted of 5 to 8 separate skimmed subsamples 

that were combined in a heavy duty 1-gallon zip-closure bag containing a green D'Anjou pear.  Pears 

were selected to be as blemish free as possible.  The total water volume of each sample was about 2.5 L.  

Sample bags were supported in plastic containers and were placed in a cooler for transport.  Upon return 

to the laboratory, sample bags were opened and placed in an incubator that cycled diurnally from 20 C 

(night) to 24.5 C (day).  After three days of incubation, pears were removed and rinsed with tap water and 

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 ï 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 the dry season, root/soil samples were collected by first scraping away organic debris and loose 

surface soil with a trowel.  For dry soil, we used a shovel and the blade end of a masonôs hammer to break 

up the soil to a depth of about 10-20 cm and collected soil and associated roots from this loosened soil.  

For damp soil, we were able to dig samples readily with a narrow trenching shovel and/or 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 with Phytophthora inoculum.  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 in 1-gallon heavy duty zip-closure plastic 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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Charcoal-filtered tap water was added to samples to bring soil to field capacity and create favorable 

environmental conditions for sporangium production.  Root/soil samples were then incubated for 3 to 3.5 

days at 20-24.5 C to allow time for sporangia to form before being flooded and baited with green D'Anjou 

pears.  Samples collected in winter at cool ambient soil temperatures were also incubated at 3 to 3.5 days 

at 20-24.5 C to promote sporangium formation before baiting even if soil moisture was near field 

capacity.  Samples from saturated areas (e.g., pond edges) were flooded and baited directly upon return to 

the lab without a preincubation period.   

Each pear bait was washed with a dilute detergent solution and thoroughly rinsed before use.  Pears were 

labeled with the sample number and placed into a slight depression created in the center of the soil sample 

in the collection bag.  Roots in each sample were clipped with sterilized scissors as necessary to ensure 

that they did not extend above the water level after the sample was flooded.  Water was added to flood 

each sample to a depth of about 4-5 cm above the soil level in the bag.  Flooding stimulates release of 

zoospores that can infect the pears.  It is likely that pears can also be infected directly by other propagules 

such as directly germinating sporangia, chlamydospores, and mycelium that are near the pear.  

Pears remained in the flooded soil for up to 5 days at the 20-24.5 C temperature regime.  Pears were 

removed before 5 days if Phytophthora symptoms developed before this time.  Typically, symptoms did 

not develop until after at 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 sample.  This 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 water upon removal from the sample bags and incubated on clean paper towels 

in trays at room temperature.  Pears that did not develop symptoms by 8 days from the start of baiting 

were considered to be negative for Phytophthora.  Symptomatic pears were photographed and the 

pathogen was isolated from lesions that developed on the pears.  To obtain Phytophthora isolates, pears 

were first surface-disinfested by placing them in 0.5% NaOCl (diluted bleach) for 30-45 seconds.  Pieces 

from the edges of suspect Phytophthora lesions were cut out using aseptic technique and 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 suspected Phytophthora morphotype were sent to Dr. Suzanne Latham, Senior 

Plant Pathologist at the Plant Pest Diagnostics Lab, Plant Health and Pest Prevention Services, CDFA for 

identification by DNA sequencing of the ITS region of nuclear ribosomal RNA (rRNA). 
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3. RESULTS AND DISCUSSION  

A total of 20 Phytophthora taxa (including described species, provisional species, and undescribed taxa) 

were detected during sampling for this project.  These are listed in Table 3.1.2.  Nearly all the 

Phytophthora taxa we recovered were already described in the scientific literature or matched ITS 

sequence data of unpublished provisional species that had been uploaded to GenBank.  Phytophthora taxa 

are commonly given provisional names that are used in the scientific literature until species descriptions 

are formally published.  Several of our isolates are identified with the suffix ñ-likeò because ITS 

sequences differed from the published sequences by one or two base pairs and published information was 

insufficient to determine whether our variant could be considered the same taxon or an undescribed close 

relative (Table 3.1.2).  Species complexes are noted for P. cryptogea and P. megasperma isolates that did 

not match the type species but do match other named isolates in GenBank. These species, described 

before the advent of genetic sequencing, have many isolates in GenBank that have ITS sequences up to 6 

or more base pairs different from the type species and doubtless represent undescribed, possibly closely 

related species.  Brief descriptions for all species and taxa recovered are listed in Section 6.  Genetic 

sequencing results for recovered isolates is given in tables presented in the narratives for each sample 

location (Sections 3.2 and 3.3).   

We recovered one species that does not have any published sequence and is considered to be an 

undescribed species.  We gave this species the provisional name P. taxon agrifolia when we first isolated 

it from a Quercus agrifolia nursery stock planting site in a restoration project in San Mateo County in 

2016.  It was found in this study in two widely-separated, dissimilar sites, suggesting that P. taxon 

agrifolia may have been present in the area for an extended period.  We are planning to describe this 

species formally in collaboration with researchers at UC Davis and CDFA.  Section 6 describes what is 

known about host ranges and symptoms for each Phytophthora species recovered in this study.   

In a recent study by researchers at University of California, Davis, root/soil samples were collected from 

outplanted nursery stock at 31 restoration sites in Santa Clara County (Bourret 2018).  They detected 38 

Phytophthora species from 191 samples collected at mostly riparian planting locations (Bourret 2018).  

This is more than twice the number of species that we recovered from 169 terrestrial samples.  The 

greater diversity of Phytophthora detected by the UC Davis researchers in large part reflects the fact that 

they sampled nursery stock almost exclusively, whereas our sampling focused primarily on naturally-

established vegetation.  Nursery stock has a very diverse mix of Phytophthora species, which is further 

increased by sampling material produced over multiple years and by various nurseries (Bienapfl and Balci 

2014, Parke et al 2014, Rooney-Latham et al 2015).  Furthermore, because new Phytophthora species are 

continually being introduced into nurseries over time, the establishment of Phytophthora species 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 related to Phytophthora presence, sample results were cross-tabulated 

against various factors.  Based on field notes and images, we characterized each sample site according to 

its topographic and hydrological setting and then grouped these into three moisture categories as shown in 

Table 3.1.1.  The water category includes all water samples, whereas the other two categories divide the 

soil/root samples into wetter sites that are seasonally 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 and may undergo intermittent ponding (mainly flat/lowland) or be exposed to surface runoff 
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originating upslope.  The moisture categories are color coded blue (water), 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   

% of Phytophthora positive samples within category 

67% 59% 9% 

 

3.1.1. Water  samples  

Sixty-seven percent of the water samples collected yielded at least one Phytophthora species (Figure 

3.1.1).  Phytophthora species were detected in water samples from all locations except from Pacheco 

Creek Reserve, where no Phytophthora species were detected in two separate water samples collected 

from the flowing creek in May 2017.  Eight Phytophthora species were detected from the 21 water 

samples.  The total diversity of species found in water for this project is much less than that found in 

sampled waterways downstream from restoration sites and housing in the San Jose area.  P. 

gonapodyides, P. lacustris complex, and P. chlamydospora were each detected in water samples from 

three different locations (Tables 3.1.2 and 3.1.3).  P. gonapodyides, P. lacustris complex, and P. 

chlamydospora were also detected in root/soil samples from sites that are periodically inundated.  This 

indicates that these species either persist in soil for some time after flooding or survive by invading roots 

or other organic matter in soil.  The other species detected in water (P. acerina, P. crassamura, P. taxon 

forestsoil-like, P. megasperma, and P. ramorum) were found in one location each.  P. crassamura was 

detected in ephemeral runoff in a roadside ditch, whereas others were from larger streams.  Each of these 

species, with the exception of P. taxon forestsoil-like, are known as plant pathogens of various plants.  P. 

taxon forestsoil-like is known from a river in Taiwan; the ITS sequence of our isolates differs by one base 

pair from the Taiwan P. taxon forestsoil-like isolate. 

3.1.2. Root/soil samples from sites with periodic flooding  

Phytophthora was baited from periodically-flooded sample locations at 12 of the 13 locations where such 

sites were sampled.  Overall, Phytophthora species were recovered from 59% of the 44 root/soil samples 

collected in sites subject to periodic flooding.  Among sites grouped in this moisture category (Table 

3.1.1), those at the edge of a waterbody were most likely to test positive for Phytophthora species (Figure 

3.1.1).   

Sites subject to periodic flooding also had the greatest diversity of Phytophthora species (Table 3.1.3).  

Sixteen of the 20 species isolated in this study were found in such sites.  Of these 16 species, 9 species are 

members of Phytophthora clade 6 (Table 3.1.3).  Phytophthora species 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 and often inhabit aquatic or wetland ecosystems.  Members of clade 6 are 

commonly detected in surveys of river and streams, but the pathogenicity of many of these aquatic 

species is not well documented.  Other Phytophthora clade 6 species are commonly found in terrestrial 
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sites.  Phytophthora megasperma is perhaps the best known plant pathogen in clade 6, and causes root 

rots in many species.   

The most frequently isolated species in periodically-flooded sites was P. crassamura (Table 3.1.3).  Four 

locations tested positive for P. crassamura.  As noted above, we recovered P. crassamura from 

ephemeral runoff water at Coyote Lake Harvey Bear County Park (Table 3.1.4).  A similar detection was 

made in another part of the same park, where we recovered P. crassamura from 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 (Table 3.1.2). We also detected 

this species in upland (dry site) samples of roots/soil collected under declining plants on either side of 

Anderson Lake Dam (Table 3.1.5, Figure 3.2.2-2 in Section 3.2.2 below).   

P. crassamura is a primarily-terrestrial clade 6 species that was described recently (Scanu et al 2015) as a 

root pathogen of native species in Sardinia (Italy).  Isolates of P. crassamura were previously assigned to 

P. megasperma, which is morphologically similar and closely related.  P. crassamura has been detected 

recently in northern California in nursery stock planted at habitat restoration sites as well as in nurseries 

(Sims n.d.).  Bourret (2018) detected it in samples from restoration sites in Santa Clara County.  It is a 

homothallic species that forms thick-walled oospores.  These resistant spores probably enhance its ability 

to survive when moved in contaminated soil.   

P. gonapodyides was detected in samples nearly as often as P. crassamura and was detected at more 

locations (Table 3.1.3).  P. gonapodyides was detected in five periodically-flooded soil/root samples from 

four locations and in water samples from two other locations (Table 3.1.2).  P. gonapodyides is 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 stock (Bienapfl and 

Balci 2014).  It has good saprophytic abilities and appears to naturalize when introduced into new aquatic 

environments.  

P. gonapodyides, P. lacustris complex, and P. chlamydospora, the most frequently detected species in 

water (Table 3.1.3) were not recovered from water samples in the creek at Pacheco Creek Reserve, but all 

three were recovered from a root/soil sample from Artemisia douglasiana growing in the floodplain.  This 

was the only detection in an intermittently flooded site for P. lacustris complex.  P. chlamydospora was 

also recovered from a sample containing roots of dead Ceanothus ferrisiae and Arctostaphylos glauca 

plants that were temporarily inundated when the Anderson Lake reached its high-water level in early 

2017. 

P. inundata, another clade 6 species, was found in four periodically flooded samples in three locations.  

ITS sequences differed by one or two base pairs between isolates from different locations.  Other clade 6 

species found in periodically flooded sites at two locations included P. taxon raspberry, and P. riparia.  

Clade 6 species P. asparagi and a species in the P. megasperma complex were found at one location each 

(Table 3.1.2, 3.1.3).   

Other Phytophthora species found at periodically-inundated sites belong to other clades.  These included 

several well-known terrestrial plant pathogens: P. cactorum, P. cambivora, a species in the P. cryptogea 

complex, and P. multivora.  The other detected taxa were P. europaea-like, P. pseudocryptogea, and P. 

taxon agrifolia.  P. pseudocryptogea was described in 2015, P. europaea-like is an inexact match to a 
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known pathogen, and P. taxon agrifolia is an undescribed species, as noted above.  Hence, little is known 

about the pathogenicity or host ranges of these three taxa.   

3.1.3 Dry  samples   

The majority of our samples were collected from sites characterized as dry, due to the emphasis in this 

study on Coyote ceanothus, which only occurs in upland locations.  Among sampled natural vegetation in 

the two topographic positions classified as ñdryò, we detected Phytophthora in 17% of flat/lowland 

samples compared to 8% of samples from upland sites (Figure 3.1.1.).  Phytophthora was detected at five 

of the 15 locations where flat/lowland or upland sites were sampled (Table 3.1.3, Figure 3.1.2).   

P. cambivora was the most widely distributed species detected, occurring at five locations. At one of 

these locations, it was found on planted nursery stock near a parking area, but other detections were in 

native habitats.  P. cambivora was most frequently linked to presence of Quercus species in this study.  

We have previously detected P. cambivora in association with declining Q. lobata and Q. agrifolia, other 

hardwood trees, and native shrub species at multiple northern California locations.  P. cambivora has 

been detected frequently in stock from California restoration nurseries (Latham et al 2016). 

P. cambivora and several other Phytophthora species were also detected in the stand of Coyote ceanothus 

and other chaparral species on the west Anderson Lake dam abutment.  This multispecies Phytophthora 

infestation is likely due to the planting of infected Coyote ceanothus nursery stock for habitat restoration 

at that site in 1993.  Other Phytophthora species found in the Coyote ceanothus stand on the dam 

abutment in this study include P. cactorum, P. crassamura, and P. megasperma complex.  In previous 

sampling in this area for SCVWD in 2015, we detected P. cryptogea complex and P. syringae, as well as 

P. cactorum, and P. cambivora.  Overall, the detection of, and diversity of, Phytophthora species in 

upland species on the Anderson Dam abutment was higher than at any other upland location (Figure 

3.1.3, Table 3.1.5).  

Spread of Phytophthora from this infested area into nearby Coyote ceanothus stands has been a concern 

since the infestation was identified.  In this survey, P. crassamura was detected along the Lake View trail 

on the south side of the lake in January 2018 sampling.  However, it is not clear whether this apparently 

localized infestation is due to contamination introduced from the west dam abutment or another area 

infested with P. crassamura.  Notably, no Phytophthora species have been detected to date in the stands 

north of the spillway or on Coyote Ridge.  Other Phytophthora detections at Anderson Lake are discussed 

in further detail in section 3.2.1 below.   

P. pseudocryptogea and P. taxon ohioensis-like were found in one location each in flat/lowland positions 

(Table 3.1.4).  P. pseudocryptogea was recently described and little is known about its pathogenicity.  P. 

sp. ohioensis is an undescribed species from Eastern United States isolated from oak forests.  It has also 

been detected in a survey of declining street trees in Australia (Barber et al 2013).  

P. cactorum was found on transplanted Prunus ilicifolia at Pacheco Creek Reserve.  P. cactorum is 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 
detected 

Location Sample site type Plant roots present in sample 

acerina Kirby Canyon seasonal stream water 

asparagi Anderson Lake County Park waterbody edge1 Ceanothus ferrisiae 

cactorum Anderson Lake County Park 
(dam abutment) 

upland1 Ceanothus ferrisiae, Heteromeles 
arbutifolia 

 Pacheco Creek Reserve flat/lowland-
nursery transplants 

Prunus ilicifolia 

 Sierra Vista Open Space 
Preserve 

ravine/swale Platanus racemosa, Artemisia 
douglasiana, Scrophularia californica 

cambivora Anderson Lake County Park 
(dam abutment) 

upland1 Ceanothus ferrisiae, Heteromeles 
arbutifolia 

 Calero County Park - south ravine/swale Quercus lobata 

 Coyote Lake Harvey Bear 
County Park 

flat/lowland Quercus lobata, Quercus agrifolia, 

Heteromeles arbutifolia 

 Coyote Lake Harvey Bear 
County Park 

upland Quercus lobata, Toxicodendron 

diversilobum, Pinus sabiniana 

 Joseph Grant County Park upland- nursery 
transplants 

Quercus kelloggii 

 Rancho Cañada de Oro Open 
Space Preserve 

upland Quercus douglasii 

chlamydospora Anderson Lake County Park reservoir water 

 Anderson Lake County Park waterbody edge1 Ceanothus ferrisiae, Arctostaphylos 
glauca 

 Calero County Park - south seasonal stream water 

 Pacheco Creek Reserve floodplain Artemisia douglasiana 

 Santa Teresa County Park seasonal stream water 

crassamura Anderson Lake County Park 
(dam abutment) 

upland1 -Artemisia californica 
-Artemisia californica, Solanum 
umbelliferum 

 Anderson Lake County Park upland1 Heteromeles arbutifolia, Artemisia 

californica, Baccharis pilularis 

 Anderson Lake County Park waterbody edge1 -Baccharis pilularis 
-Ceanothus ferrisiae 
-Ceanothus ferrisiae, Arctostaphylos 
glauca 
-Ceanothus ferrisiae, Artemisia 
californica  

 Coyote Lake Harvey Bear 
County Park 

seasonal runoff water 

 Coyote Lake Harvey Bear 
County Park 

trail mud and leaves 

 Rancho Cañada de Oro Open 
Space Preserve 

ravine/swale Quercus lobata 

 Sierra Vista Open Space 
Preserve 
 

ravine/swale Quercus lobata, Quercus agrifolia 
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Phytophthora 
detected 

Location Sample site type Plant roots present in sample 

cryptogea complex Santa Teresa County Park ravine/swale Eleocharis, Quercus lobata, Artemisia 
douglasiana 
 

gonapodyides Anderson Lake County Park reservoir water 

 Anderson Lake County Park waterbody edge1 Ceanothus ferrisiae 

 Joseph Grant County Park waterbody edge Salix sp, grass, Mentha pulegium 

 Pacheco Creek Reserve floodplain -Artemisia douglasiana  

-Platanus racemosa, Conium 

maculatum, Bromus diandrus, Cirsium 

vulgare  

 Palassou Ridge Open Space floodplain Platanus racemosa, Quercus agrifolia, 
Toxicodendron diversilobum 

 Coyote Lake Harvey Bear 
County Park 

puddle water 

 Kirby Canyon puddle water 

 Kirby Canyon seasonal stream water 

inundata Calero County Park - north  waterbody edge forbs, grass, Eleocharis 

 Santa Teresa County Park ravine/swale -Artemisia douglasiana, Quercus 
lobata, Rosa californica, Sambucus 
nigra ssp. caerulea 
- Artemisia douglasiana, Baccharis 
pilularis, Elymus 

 Llagas Coyote ceanothus habitat waterbody edge1 Carex or Cyperus, Cynodon dactylon, 
Ceanothus ferrisiae, Frangula 
californica, Juncus xiphioides, 
Paspalum distichum 

lacustris complex Anderson Lake County Park reservoir water 

 Kirby Canyon seasonal stream water 

 Kirby Canyon seasonal stream water 

 Pacheco Creek Reserve floodplain Artemisia douglasiana 

 Palassou Ridge Open Space river water 

megasperma  Anderson Lake County Park waterbody edge1 Ceanothus ferrisiae 

complex Anderson Lake County Park 
(dam abutment) 

upland1 Artemisia californica, Baccharis 
pilularis 

 Palassou Ridge Open Space river water 

multivora Santa Teresa County Park floodplain Umbellularia californica, Quercus 
agrifolia 

pseudocryptogea Coyote Lake Harvey Bear 
County Park flat/lowland Acacia sp., Eucalyptus sp. 

 Santa Teresa County Park ravine/swale Quercus lobata, Rosa californica, 
Artemisia douglasiana, Sambucus 
nigra ssp. caerulea 

 Sierra Vista Open Space 
Preserve 

ravine/swale Quercus lobata, grass 

ramorum Calero County Park - south river water 
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Phytophthora 
detected 

Location Sample site type Plant roots present in sample 

riparia Coyote Valley Open Space 
Preserve 

waterbody edge watercress, grass, Salix sp. 

 Joseph Grant County Park waterbody edge Salix spp. 

taxon agrifolia Anderson Lake County Park waterbody edge Ceanothus ferrisiae 

 Rancho Cañada de Oro Open 
Space Preserve 

ravine/swale Quercus lobata 

taxon europaea-
like 

Santa Teresa County Park floodplain Umbellularia californica, Quercus 
agrifolia, Quercus lobata 

taxon forestsoil-like Kirby Canyon seasonal stream water 

taxon ohioensis-
like 

Rancho Cañada de Oro Open 
Space Preserve 

flat/lowland Quercus lobata, Toxicodendron 
diversilobum, Frangula californica 

taxon raspberry Calero County Park - north  waterbody edge -crabgrass, bermudagrass, monocots 
- forbs, grass, Eleocharis 

 Joseph Grant County Park waterbody edge Salix sp., grass, 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 samples Number of positive locations  

Total 
positive 
samples Taxon dry 

periodic 
flooding water 

Total 
positive 
locations  dry 

periodic 
flooding water clade 

11 crassamura 3 7 1 4 1 4 1 6b 

10 gonapodyides 0 6 4 6 0 4 3 6b 

7 lacustris complex 0 1 6 4 0 1 3 6b 

6 cambivora 5 1 0 5 4 1 0 7a 

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 1a 

3 megasperma complex 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 cryptogea complex 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 taxon europaea-like 0 1 0 1 0 1 0 7a 

2 taxon forestsoil-like 0 0 2 1 0 0 1 6 

1 multivora 0 1 0 1 0 1 0 2c 

1 taxon ohioensis-like 1 0 0 1 1 0 0 4 

1 ramorum 0 0 1 1  0 1 8c 

Totals          

189 Total samples collected 124 44 21  
    

53 
Total Phytophthora 

positive* 
14 

11% 
26 

59% 
13 

67%     
 

68 

Number of samples in 
Coyote ceanothus 

habitat 55 12 1  4 2 0 
 

15 
Number of sampled 

locations 15 13 7  5 12 6 
 

20 
Number of Phytophthora 

taxa 6 16 7  
   

 

*Numbers above will not sum to these totals because multiple samples contained more than one Phytophthora 

species. Includes 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 Phytophthora species detected Location 

WATER   

puddle gonapodyides Coyote Lake Harvey Bear County 
Park, Kirby Canyon 

seasonal runoff 
(road) 

crassamura Coyote Lake Harvey Bear County Park 

seasonal stream acerina, forestsoil-like, gonapodyides, 
lacustris complex 

Kirby Canyon 

seasonal stream chlamydospora Calero County Park - south, Santa 
Teresa County Park 

reservoir chlamydospora, gonapodyides, 
lacustris complex 

Anderson Lake County Park 

river lacustris complex, megasperma 
complex 

Palassou Ridge Open Space 

river ramorum Calero County Park - south 

INTERMITTENT FLOODING   

waterbody edge asparagi, chlamydospora, 
crassamura, megasperma complex, 
taxon agrifolia 

Anderson Lake County Park 

waterbody edge gonapodyides Anderson Lake County Park, Joseph 
Grant County Park 

waterbody edge inundata  Calero County Park - north, Llagas 
Coyote ceanothus population 

waterbody edge riparia Coyote Valley Open Space Preserve, 
Joseph Grant County Park 

waterbody edge taxon raspberry Calero County Park - north, Joseph 
Grant County Park 

floodplain chlamydospora, lacustris complex Pacheco Creek Reserve 

floodplain gonapodyides Pacheco Creek Reserve, Palassou 
Ridge Open Space 

floodplain multivora, taxon europaea-like Santa Teresa County Park 

ravine/swale cactorum Sierra Vista Open Space Preserve 

ravine/swale cambivora Calero County Park - south 

ravine/swale crassamura Rancho Cañada de Oro Open Space 
Preserve, Sierra Vista Open Space 
Preserve 

ravine/swale cryptogea complex, inundata,  Santa Teresa County Park 

ravine/swale pseudocryptogea Sierra Vista Open Space Preserve 

ravine/swale taxon agrifolia Rancho Cañada de Oro Open Space 
Preserve 

trail crassamura Coyote Lake Harvey Bear County Park  
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Sample site type Phytophthora species detected Location 

DRY   

flat/lowland cambivora, pseudocryptogea  Coyote Lake Harvey Bear County Park  

flat/lowland taxon ohioensis-like Rancho Cañada de Oro Open Space 
Preserve 

flat/lowland 
transplant 

cactorum (from transplanted nursery 
stock) 

Pacheco Creek Reserve 

upland crassamura Anderson Lake County Park (Lake 
View trail and west dam abutment) 

upland1 cactorum, megasperma complex Anderson Lake County Park (west 
dam abutment) 

 cambivora Anderson Lake County Park (west 
dam abutment), Coyote Lake Harvey 
Bear County Park, Rancho Cañada de 
Oro Open Space Preserve 

upland 
transplant 

cambivora (from transplanted 
nursery stock) 

Joseph Grant County Park 

 

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

  Number of 
samples 

 

Location Sample site type Neg Pos Phytophthora species detected 

Almaden Quicksilver County 
Park 

upland 8 0  

Anderson Lake County Park 
(other than dam  

reservoir 0 1 chlamydospora, gonapodyides, 
lacustris complex 

abutment) n Lake County 
Park 

waterbody edge1 3 6 asparagi, chlamydospora, 
crassamura, gonapodyides, 
megasperma complex, taxon agrifolia 

Anderson Lake County Park upland1 10 1 crassamura 

Anderson Lake County Park, flat/lowland 1 0  

west dam abutment upland1 6 5 cactorum, cambivora, crassamura, 
megasperma complex 

Calero County Park - south pond 1 0  

Calero County Park seasonal stream 0 1 chlamydospora 

Calero County Park river 0 1 ramorum 

Calero County Park ravine/swale 0 1 cambivora 

Calero County Park flat/lowland 3 0  

Calero County Park upland 6 0  

Calero County Park - north waterbody edge 2 2 inundata, taxon raspberry 

 
 
 

upland 12 0  
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  Number of 
samples 

 

Location Sample site type Neg Pos Phytophthora species detected 

Coyote Lake Harvey Bear  pond 1 0  

County Park Bear  puddle 0 1 gonapodyides 

 seasonal runoff 
(road) 

0 1 crassamura 

 seasonal stream 1 0  

 trail 0 1 crassamura 

 flat/lowland 1 2 cambivora, pseudocryptogea  

 flat/lowland 
nursery stock 

1 0  

 upland 6 1 cambivora 

Coyote Ridge Coyote 
ceanothus population 

upland1 8 0  

Coyote Valley Open Space  waterbody edge 0 1 riparia 

Preserve  ravine/swale 3 0  

Coyote Valley Open Space  upland 3 0  

Joseph Grant County Park flat/lowland 1 0  

Joseph Grant County Park upland 5 0  

 upland 
transplant 

0 1 cambivora (from transplanted 
nursery stock) 

 waterbody edge 0 2 gonapodyides, riparia, taxon 
raspberry 

Kirby Canyon puddle 0 1 gonapodyides 

Kirby Canyon seasonal stream 0 3 acerina, forestsoil-like, gonapodyides, 
lacustris complex  

 ravine/swale 1 0  

 upland 
transplant 

1 0  

Kirby Canyon upland1 12 0  

Pacheco Creek Reserve river 2 0  

Pacheco Pass floodplain 1 2 chlamydospora, gonapodyides, 
lacustris complex 

 flat/lowland 
transplant 

1 1 cactorum (from transplanted nursery 
stock) 

Pacheco Pass flat/lowland  3 0  

Palassou Ridge Open Space seasonal stream 1 0  

Palassou Ridge Open Space river 1 3 lacustris complex, megasperma 
complex 

Palassou Ridge Open Space floodplain 
 
 
 
 

3 1 gonapodyides 
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  Number of 
samples 

 

Location Sample site type Neg Pos Phytophthora species detected 

Rancho Cañada de Oro Open  ravine/swale 0 1 crassamura, taxon agrifolia 

Space Preserve Rancho  flat/lowland 3 1 taxon ohioensis-like 

 flat/lowland 
transplant 

1 0  

Rancho Canada de Oro Open  upland 4 1 cambivora 

Santa Teresa County Park seasonal stream 0 1 chlamydospora 

Santa Teresa County Park floodplain 2 2 multivora, taxon europaea-like 

Santa Teresa County Park ravine/swale 2 3 cryptogea complex, inundata, 
pseudocryptogea 

Santa Teresa County Park flat/lowland 
transplant 

1 0  

Santa Teresa County Park upland 2 0  

Sierra Vista Open Space 
Preserve 

ravine/swale 0 3 crassamura, cactorum, 
pseudocryptogea 

  Vista Open  flat/lowland 1 0  

Llagas Coyote ceanothus  waterbody edge1 0 1 inundata 

population1 Llagas coyote  upland1 9 0  
1Coyote ceanothus 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  

Details of the Phytophthora sampling conducted in the three Ceanothus ferrisiae population 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 that the Ceanothus 

ferrisiae habitat on the dam abutment at Anderson Lake was contaminated with a mix of Phytophthora 

species.  No Phytophthora species were detected in C. ferrisiae habitat north of the spillway at that time 

(Figure 3-1.1-1). 

Phytophthora contamination on the dam abutment was traced to a restoration planting in 1993 that used 

nursery-grown C. ferrisiae transplants. Survival of C. ferrisiae planted in the 1993 restoration plantings 

was variable.  Wood chip mulch and basins were still present at many sites, and at one sample location 

(AD18) we found a discarded Deepot container.  Many of the transplanted C. ferrisiae were 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 were still present in some locations more than 20 years after planting, it appeared that a 

number of these plants survived for some years before dying.  Mortality of Heteromeles arbutifolia and 

C. ferrisiae was observed around all planting locations.  Phytophthora cactorum was detected in 8 of the 

13 samples collected in or near planting basins; P. cambivora was also detected in two of these eight 

samples. A strain in the P. cryptogea complex was detected in two samples and P. syringae was detected 

in one sample. Detections were widely distributed throughout the planted area (Figure 3-1.1-1). 

Sampling details  

For this project, we expanded the sampling locations for the Anderson Lake population of C. ferrisiae to 

determine the extent of the Phytophthora infestation on the dam abutment and to look for additional 

infestations.  We sampled the stands of C. ferrisiae in the eastern unit of Anderson Lake County Park on 

17 March 2017 (AD24 - AD29).  The lake levels were still extremely high, and we were unable to reach 

the C. ferrisiae stand that is only accessible from the lake shore.  We collected one water sample from the 

boat landing among partially submerged Baccharis pilularis plants (AD23).  On the same date, we 

collected samples from the dam abutment area to further delineate the extent of the Phytophthora 

infestation in that area (AD30-AD35).  Samples were collected beyond the area previously sampled for 

Santa Clara Valley Water District.   

On 18 December 2017, we sampled the small stand of C. ferrisiae that grows along the lake shore 

southeast of the dam (AD36-AD39).  At that time, the lake level was about 23 m (75 ft) below the 

Anderson Dam spillway.  Numerous C. ferrisiae had become established in the bare lake shore below the 

main stand.  The reservoir level has been kept at a low draw-down condition (60% capacity or less) since 

approximately 2009 because of seismic restrictions placed on the dam.  These plants had been inundated 

during high water levels in the reservoir in early 2017 and were dead.  We collected one sample from the 

root systems of dead plants and three other samples from larger individuals growing along or above the 

high-water line near the spillway elevation (190.5 m=625 ft). 

We resampled this area on 27 December 2017 after detecting Phytophthora in the previously-inundated 

dead plant sample.  At this sampling date, we collected samples from dead C. ferrisiae individuals and 

other nearby plants along the lake high water line on both the east (AD40-AD41) and west (AD46-AD47) 
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sides of the dam.  One sample (AD42) was collected among dead Baccharis near the point where we had 

previously sampled water when the lake was near the high water in March 2017 (AD23).  We also 

collected samples from C. ferrisiae plants in the area north of the spillway and on the 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), and three points were sampled west of 

Coyote Rd (AD54-AD46) to help delineate the western edge of the Phytophthora infestation on the dam 

abutment.   

All Anderson Lake sample locations are shown in Figure 3.2.1-2 and samples are described in Table 

3.2.1-1.  Identification details for Phytophthora species determinations are given in Table 3.2.1-2.   

Coyote Ridge stand 

We sampled the Coyote Ridge stand of Ceanothus ferrisiae northwest of Anderson Dam on 4 November 

2016.  Sample locations are shown in Figure 3.2.1-3 and samples are described in Table 3.2.1-3.   

Sampling res ults  

No Phytophthora was detected in samples collected in the eastern unit on 17 March 2017.  Phytophthora 

was detected in samples collected from the dam abutment area and the reservoir water sample.  The water 

sample from the reservoir yielded three species of Phytophthora, all of which we have found in other 

waterways in the San Jose area.  Strains in the Phytophthora lacustris complex appear to be the most 

common Phytophthora species in waterways in the San Jose area.  We have recovered P. chlamydospora 

and P. gonapodyides much less frequently.  No Phytophthora had been detected in a previous water 

sample we tested from the same area of Anderson Lake in 2015, when reservoir levels were much lower 

(AD08).  However, we had detected a strain in the P. lacustris complex from a water sample collected 

several hundred meters downstream from the dam in Coyote Creek on 25 March 2015 (AD22, Figure 

3.2.1-3). 

P. cambivora, detected at sample point AD30, was previously detected on the dam abutment in 

association with dying and declining Ceanothus ferrisiae and Heteromeles arbutifolia (sample points 

AD18 and AD06, Figure 3.2.1-1).   

We had noted a patch of dead Artemisia californica when sampling 25 March 2015.  At that time, we did 

not detect Phytophthora in a root/soil sample collected at point AD12.  The area of dead A. californica 

had expanded by 2017, and newly wilting plants were seen around the margins of the area (sample point 

AD32).  In addition, another area of dead and declining A. californica was noted on one of the terraces 

near the Serpentine Trail (sample point AD33).  P. crassamura (originally identified as P. megasperma) 

was isolated from root/soil samples from both locations.  We had not previously recovered this species 

from the dam abutment area.  This find increased the number Phytophthora species detected in 

association with dead and declining native vegetation on the west dam abutment to five:  P. cactorum, P. 

cambivora, P. cryptogea complex, P. crassamura, and P. syringae.  This high Phytophthora diversity in a 

relatively small area is consistent with introduction by means of the restoration nursery stock of C. 

ferrisiae that was planted on the abutment in 1993. All the detected species are known to occur in 

nurseries. 
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Upland areas were sampled to determine whether Phytophthora species from the infested dam abutment 

have spread into nearby Coyote ceanothus stands.  In January 2018 sampling, we detected P. crassamura 

in association with symptomatic toyons on the Lake View trail south of the dam (AD53, Figure 3.2.1-4).  

To date, this is the only upland sampling site away from the infested area on the dam abutment where 

Phytophthora has been detected.  This sample was collected in a relatively flat area next to an unpaved 

road/trail and just below another side trail and is a site where infested soil could have been deposited by 

park users (pedestrians, equestrians) or by park vehicles.  The source of inoculum for this apparently 

localized infestation could be the dam abutment.  However, P. crassamura has been found in multiple 

locations in the reserve system (Table 3.1.3) and undoubtedly occurs in developed landscapes in the area, 

so the contamination could also have come from outside the park.  This additional infestation beyond the 

dam abutment increases the potential for P. crassamura to be spread to Coyote ceanothus habitat south of 

the dam via movement of contaminated soil along trails.  This find also emphasizes the risk to the Coyote 

ceanothus stand north of the spillway, which is closer to the infested areas on the abutment.  The lack of 

established trails into that area has likely played a major role in preventing spread of the Phytophthora 

into that stand to date.   

We detected an unexpected diversity of Phytophthora species among Ceanothus ferrisiae and other 

woody species along the reservoirôs high-water line in samples collected in December 2017 (Figure 3.2.1-

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

remained a dry slope for years because low lake levels have been maintained since about 2009.  Record 

rains in early 2017 raised the reservoir level to above the spillway, and the plants that had established into 

this dry slope environment were for a short time at waterôs edge or were shallowly flooded.  It is not clear 

whether the periods of saturation and inundation experienced by plants in this area would have been 

lethal.  However, the detection of multiple Phytophthora species associated with the roots of these dead 

plants suggests that they were functioning as in-situ whole plant baits for Phytophthora, and it is likely 

that these pathogens contributed to the demise of the plants.   

The presence of clade 6 species P. gonapodyides and P. chlamydospora in these plants was not 

surprising, especially given the detection of both species in the March 2017 water sample collected near 

flooded Baccharis pilularis near the boat ramp (AD23).  However, the prevalence of P. crassamura and 

detections of P. asparagi and P. taxon agrifolia were not anticipated.  Phytophthora had not been detected 

in samples collected near the high-water line north of the dam in 2015.  No Phytophthora was detected in 

December 2017 samples collected above the high-water line (AD36, AD38, AD39), so the detections in 

plants along the high-water line most likely originated from inoculum carried in the water.  A likely 

source of this inoculum is a residential development above the west shore of the lakeôs south arm 

(Holiday Lake Estates), the edge of which is about 1.1 km from the sampled 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 contain Phytophthora 

inoculum from multiple 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 this lake shore infestation is associated with an unusual event, it has the potential to pose a 

long-term risk to the Coyote ceanothus stands close above the lake shore on both sides of the dam.  If 

Phytophthora infections have spread into roots of some plants on the base of the slope next to the high-

water line, Phytophthora could begin to spread upslope via root infections. 
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A summary of all Phytophthora sampling results for the Anderson Lake Coyote ceanothus population is 

shown in Figure 3.2.1-6. 

Coyote Ridge stand 

Phytophthora was not detected in any of the samples on Coyote Ridge (Figure 3.2.1-3).  We had 

previously visited and sampled this population 22 July 2015 for a different project and had also not 

detected Phytophthora in any samples at that time. 

Figures and Tables  

 

 
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. 

 


