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1.6 CONCLUSIONS 
1.6.1 Monitoring Surveys 
Improvements to the efficiency of data collection and processing has made monitoring survey 
information more accessible to the Control Program. The increased difficulty in detection of 
hybrid plants has made monitoring more time-consuming and difficult than in past years. The 
Monitoring Program will continue to use and improve customizations to the software used on 
GPS units to bring all past years’ information into the field so as to inform inventory monitor-
ing navigation and decision-making. 

ISP biologists will continue to search diligently for previously undetected potential habitat, 
both in the field and using aerial imagery in the office.  

1.6.2 Treatment Surveys 
Treatment surveys proved valuable to both the Monitoring and Control Programs by improving 
the accuracy and thoroughness of treatment and thus improving the long-term efficiency of 
control efforts. Survey data also helped to reduce discrepancies between mapped versus treated 
acres by better integrating monitoring and treatment efforts.  

The ISP will consider expanding its Control Monitor Internship program by one person (from 4 
to 5 interns) to help conduct more thorough treatment surveys in 2011. The cost of the required 
increase in monitoring staff should ultimately be offset in the long term by the increased thor-
oughness of treatment activities facilitated by this integrated approach to monitoring and treat-
ment. More thorough annual treatment effort at a site should lead to a reduction in the time to 
eradication of invasive Spartina at that site. 

The Monitoring Program will continue to develop more efficient methods of data collection to 
allow for faster data collection during treatment surveys. This should help improve the speed at 
which treatment surveys can be conducted and help reduce the time required to edit data after a 
survey. 
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 2.  GENETIC TESTING 

2.1 BACKGROUND 
2.1.1 RAPD Testing 
From 2000 to 2008, the ISP contracted with the lab of Dr. Don Strong at the University of Cali-
fornia, Davis (also referred to as the UC Davis Spartina Lab) to conduct RAPD-based genetic 
testing to determine hybridity of collected Spartina samples. The RAPD markers used by the 
ISP for identification of S. foliosa, S. alterniflora S. densiflora, S. anglica and their hybrids 
were developed within Dr. Strong’s lab (Daehler and Strong 1997, Ayres et al. 1999, Ayres and 
Strong 2001, Ayres et al. 2008a). The ISP relied on these RAPD tests to confirm taxonomic 
field identification and to test for hybridity of those plants that are difficult to identify based on 
field characteristics. 

2.1.2 Microsatellite Testing 
In 2009 the ISP transitioned to the use of microsatellite markers, also referred to as simple se-
quence repeat (SSR) markers, for genetic testing to help determine the species composition of 
individual Spartina samples. SSR markers were chosen by collaborator and UC Davis PhD 
candidate Laura Feinstein from the suite of available SSR markers previously developed by UC 
Davis researchers (Blum et al. 2004, Sloop et al. 2006).  Markers were selected based on their 
power to distinguish native from hybrid plants, based on SSR screens of S. foliosa and S. al-
terniflora x foliosa hybrids performed by Drs. Sloop and Blum during initial marker develop-
ment. Markers were additionally validated by Dr. Sloop and Feinstein using the results of sub-
sequent genetic analyses of San Francisco Bay hybrid Spartina (Sloop et al. 2009, 2011) and 
review of unpublished genetic screenings by Dr. Bando (2007) of additional S. foliosa sampled 
from Baja, Mexico, and from Northern California populations.  

In 2009, ten microsatellite markers were tested and eight were used in the final results analysis 
(Hogle and Olofson Environmental Incorporated 2011). Samples were sent to a commercial lab 
in Colorado (STA Labs) for DNA extraction and testing of ten microsatellite markers. The ISP 
analyzed the microsatellite data with the assistance of plant geneticist Dr. Emma Jack, with 
whom the ISP contracted to consult on methodologies and data analysis. Dr. Jack worked with 
the ISP to perform the analysis of microsatellite results from STA Labs and to interpret these 
results. Eight of the ten marker results were used in the data analysis in 2009. 

The results from 2009 indicated that the experimental set up conducted by STA laboratories 
could be optimized to obtain better data. In addition the lack of control samples used for the 
2009 season made interpretation of results difficult.  Three areas of the experimental set up 
were identified for further optimization: 1) to standardize the plant tissues collection protocol to 
improve DNA quality; 2) to analyze the specificity and sensitivity of the primers selected to 
minimize errors in the primers; and 3) to run samples of high confidence Spartina foliosa and 
high confidence hybrid taken from marshes in the San Francisco Estuary as controls to better 
cluster plants into the ancestral populations.  These three optimization procedures are discussed 
below.   

In 2010 Dr. Jack developed a new protocol for plant collection and storage in order to reduce 
degradation of plant samples and to increase the purity of extracted DNA.  This involved stipu-
lating initial washing and drying of samples followed by either refrigeration at a controlled 20° 
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C or freezing of the sample at a controlled -20 ° C. In addition, field biologists stopped using 
permanent marker pens to label the tissue samples, to prevent any potential chemical reaction 
with the marker pen ink and the chemicals involved in DNA extraction that may degrade the 
DNA.   

The full suite of microsatellite (SSR) primers developed by Blum et al., 2004 and Sloop et al., 
2006 were analyzed for suitability in the 2010 experiments.  The analysis consisted of examin-
ing the specificity of the primers and their sensitivity. Specificity of a primer set is related to 
whether the primers are binging only the sequences that we want to detect (i.e. SPAR 08), or if 
they also bind to additional (random) sequences in the genome.  If the primer binds to a lot of 
sequences, or even unrelated sequences, they were deemed insufficient to identify hybrid plants 
from foliosa plants, and were eliminated from the 2010 microsatellite analysis.  The sensitivity 
of the SSR primers is related to whether or not the primers detect the sequences that are as-
sumed to be specific to the S. alterniflora genome.  This analysis was conducted as outlined in 
Stover and Cavalcanti (2009) by Dr. Jack.  

Of the thirty-six (36) potential Spartina SSR markers, fifteen performed well in the analysis 
and were used in 2010.  

Twenty-four (24) samples of of field-identified S. foliosa were collected from areas believed to 
be free of invasive Spartina, 26 samples of field-identified S. alterniflora x foliosa hybrids and 
6 samples of S. alterniflora from Boston, Massachusetts were submitted as controls. All of the-
se samples were run in 2010 and the size of the alleles produced, were used to compare to allele 
sizes of unknown samples as species controls.  In addition, Dr Jack selected two samples to be 
run in every experiment as internal controls, one S. foliosa (sample 0831S03) and one S. al-
terniflora x foliosa hybrid (sample 0902A03).  

2.1.3 SCAR Marker Development 
The ISP contracted with Dr. Jack to convert eleven (11) of the RAPD markers historically used 
by UC Davis to sequence characterized amplified region (SCAR) markers (Appendix 1). This 
work was pursued in order to determine if use of SCAR markers could increase the efficiency 
and predictability of the RAPD assay. If these markers prove useful, they could possibly be an 
alternative or additional method for genetic analysis.  

2.2 METHODS 
2.2.1 Collection Methods 
A total of 563 samples were collected and tested with microsatellite primers in 2010. These 
included 120 samples collected for a special study at Cooley Landing (Hogle 2011), 
twenty samples collected as controls of pure S. foliosa or pure S. alterniflora, and twenty sam-
ples for which GPS data and related attribute data was not collected or is missing (such as for 
some of the species-specific control samples, including the S. alterniflora from Boston). The 
remainder (403 samples) were collected to confirm or assist in the identification of tested 
Spartina as S. foliosa or hybrid to inform monitoring results and control efforts; these samples 
were collected throughout the project area (Figures 44 through 48).  

Leaf samples were collected in the field and stored following the protocol developed by Dr. 
Jack (2010) and specified in the contract with UCLA Human Genomics Lab. Samples were 
kept in controlled 20 or -20°C conditions until being sent overnight on ice to the UCLA Human 
Genomics Laboratory. Upon arrival, all samples were unpacked, their condition assessed and 
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frozen at -20 ° until DNA extraction occurred. All 15 markers chosen for this analysis produced 
reliable and repeatable results all of were used in the final results analysis presented in this re-
port. 

2.2.2 Lab Methods 
The UCLA Human Genomics Lab followed the Promega DNA extraction methods following 
the manufacturer’s instructions.  The DNA was then tested for its concentration and purity us-
ing (260/280) spectrophotometric readings that determines the amount of protein contaminating 
the samples   

Prior to running the 15 SSR markers, UCLA researchers tested the reaction efficiency and size 
of the marker produced to compare to the expected size described by Blum et al. (2004) and 
Sloop et al. (2006) to check the results from the database analysis.  All primers produced mark-
ers in the expected size range. The primers used in the 2010 analysis are presented in Table 8. 

The UCLA lab identified and re-ran specific primers on individual samples as needed to correct 
problems such as missing data, and requested that the last nonzero alleles reported be used as 
the final value in the ISP’s results analysis. Due to the polyploid nature of S. foliosa and S. al-
terniflora, the UCLA lab identified and reported results for up to six markers (i.e. six alleles) 
per primer for each sample. Results were reported in the tab-delimited text file format output 
from Genemapper (ABI Biosystems).  

2.2.3 Results Analysis Methods 

Parameters and Ploidy 
The microsatellite loci were amplified using PCR and fluorescently labeled primers. The dye 
labeled products are identified by fluorescence detection. The size and genotype of alleles was 
conducted by UCLA using GeneMapper® Software Version 4.0 as per the manufacturer’s in-
structions (Applied Biosystems, 2010).   

Genotyped alleles were then analyzed using the free software package structure which uses a 
clustering method to investigate population structure in genetic data. This software can be used 
to assign individuals to populations and to study hybrid zones (Pritchard et al. 2000). This 
software is used by the UC Davis for microsatellite analysis, and was used by the ISP for anal-
ysis of 2009 microsatellite data.  

We performed structure analysis using the same parameters used in our 2009 analysis. As in 
2009, we used an admixture model with no population prior and including all samples collected 
in the current year. We set K=2 set to model two clusters, corresponding to S. foliosa or S. al-
terniflora. We were able to determine the species corresponding to cluster 1 and cluster 2 based 
on the values of the control samples (S. foliosa sample and S. alterniflora) which structure con-
sistently assigned to cluster 1 or cluster 2. We also analyzed correspondence between high con-
fidence field ID samples (controls) with their assigned clusters to confirm cluster assignment. 

New in 2010, we input data in three different formats to compare the model’s interpretations of 
different diploid versus polyploid results. Although S. alterniflora and S. foliosa are hexaploid 
species, the selected microsatellites are assumed to behave as diploid markers (Blum et al. 
2004). In 2010, we asked the UCLA lab to analyze and report their results with an acknowl-
edgment of the hexaploid nature of these species; thus we received data for up to six alleles per 
marker for each sample. We compared two different methods of allele selection for analysis of 
the data as diploid, and we ran an analysis of the polyploid data using all six alleles. Results of 
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these three data input methods were compared to assess sensitivity of the model to these differ-
ent inputs. 

For the diploid interpretation, for all samples where three or more alleles were reported for a 
primer, two of these alleles were selected for analysis. In one analysis, the two markers corre-
sponding to the lowest base pair sizes were selected. This conformed to the data as they were 
reported (in ascending order of size). In an alternative analysis, the two markers corresponding 
to the highest peaks were selected for input into structure.  

For the polyploid interpretation, all markers reported, up to six alleles per primer, were input 
into structure. 

Validity of Methods  
Three methods were used to assess the validity of the 2010 genetics testing methods. (1) Genet-
ics consultant Dr. Emma Jack interpreted the statistics output by structure. (2) Duplicate sam-
ples were analyzed for consistency in structure output. Duplicate sample analysis was per-
formed by replacing final nonzero results with nonzero results from earlier runs for all primers 
rerun within the 245 samples for which any reruns were performed.  

Correspondence to Field ID  
Results from those samples collected as S. foliosa controls were reviewed to determine a max-
imum threshold value for inferred S. alterniflora ancestry expected to be found in putatively 
pure S. foliosa.  

The relationship of field identification to structure results was analyzed by tabulating the num-
ber of samples for which microsatellite data provided evidence to support or contradict field 
identification. Separate tabulations were conducted for the 243 samples collected baywide and 
the 120 samples collected for the Cooley Landing study.  

The Cooley Landing study was conducted specifically to assess the correspondence of pheno-
typic characteristics to microsatellite results, and thus is not directly comparable to the baywide 
collection effort conducted in 2010 or in past years. In the Cooley study, a stratified random 
sampling design was employed in which 60 samples were selected from each species, as identi-
fied in the field by ISP biologists based on phenotypic characteristics, and within this 20 sam-
ples each were collected from plants identified with low, moderate, or high field ID confidence. 
To allow an unbiased measure of phenotypic characteristics to microsatellite data, plant field 
identification at this site was intentionally not based on proximity to plants with obvious hybrid 
characteristics. Thus, the comparison of field identification to microsatellite evidence at this 
site is informative but cannot be accurately compared with other baywide and past years’ ef-
forts where proximity to hybrid clones can weigh heavily on field identifications. 

2.3 RESULTS 
A diversity of alleles was found during multiple runs of the two internal control samples for the 
majority of primers used. These data are presented in Table 9. 

The diversity of alleles found in all samples, their frequency within the polyploid dataset, and 
their correspondence to S. foliosa or S. alterniflora, as calculated by structure, are presented in 
Table 10. Based on the review of structure results from those samples collected as S. foliosa 
controls and other samples field-identified as S. foliosa with high confidence, a threshold of 
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>15% inferred S. alterniflora ancestry based on polyploid analysis was determined to be appro-
priate for identification of hybrids.  

Of the 423 samples collected outside of the Cooley Landing study, 79% of the field identifica-
tions were supported by microsatellite evidence. (Table 11, Figures 44 and 45). Of the 23 
samples that were too difficult to identify in the field (where field ID was recorded as un-
known), microsatellite data inferred a lack of hybridity for 21 of these samples (Figure 46). 
Only 8% of samples were identified as hybrids in the field but were found to have no evidence 
of hybridity based on microsatellite data (Figure 47). Likewise, only 8% of samples were iden-
tified as natives in the field but were found to have evidence of hybridity based on microsatel-
lite data (Figure 48). 

Within the Cooley Landing study, microsatellite evidence supported the field identification of 
71% of the 120 samples collected (Table 12; Hogle 2011). 

2.4 DISCUSSION 
The high degree of contradiction between field identification of S. foliosa and inferred genetic 
evidence of hybridity in 2009 led to concerns regarding the validity of the 2009 RAPD and mi-
crosatellite testing results. Modifications to techniques were employed in 2010 to address these 
concerns, including the collection of greater numbers of control samples and the increase from 
8 to 15 primers analyzed. As shown in Table 13, genetic testing provided supporting evidence 
(that is, a lack of evidence of hybridity) for 88% of those samples field-identified as S. foliosa 
in 2010. This is up from 58% in 2009, and is more in line with the percentages expected by 
project staff, based on past years’ results using different genetic tests. 

Genetic evidence supported the field identification of a full 79% of those 423 samples collected 
baywide, supporting the view within the project that the genetic methods used in 2010 appear 
to be reliable based on comparison with field identifications.  

The greater agreement between genetic evidence and field identification between the data sets 
of  2009 and 2010 is likely also, in part, an artifact of the greater number of samples collected 
as “controls” to assist in the structure cluster analysis and the fewer number of samples col-
lected for genetic testing overall in 2010.  

Analysis of genetic results to inform final species designations within sites while using GIS for 
final data review confirmed the improved perceived reliability of 2010 genetic results by ISP 
biologists. 

2.5 CONCLUSION 
In situations where field identification is unclear, reliable genetic results can be an important 
tool to aide in the decision-making process of the Invasive Spartina Project and its partners. 
Genetic results informed the final species determinations of hundreds of Spartina features re-
corded in 2010, which in turn informs the treatment of these patches of Spartina. 

The expanded the number of microsatellite markers analyzed and the collection of many more 
putatively pure S. foliosa samples and many more putative S. alterniflora x foliosa hybrids with 
phenotypes indicative of hybridity, appears to have greatly assisted with the analysis of mi-
crosatellite results in 2010 and thus with the reliability of these results. 
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The continued use of the genetic techniques employed in 2010 will be an asset to the project by 
providing such assistance in situations where field identification is especially challenging. Use 
of the 15 selected microsatellite markers appears to be helpful in both in confirming field-based 
species identifications and in assisting with the identification of those plants which are difficult 
to identify in the field. The collection and testing of putatively pure S. foliosa and S. al-
terniflora x foliosa hybrids should be continued at the rate performed in 2010, so as to inform 
the 2011 structure analysis. 

The ISP endeavors to identify and apply the most appropriate methods of genetic analysis to 
meet our monitoring objectives. The ISP will continue to investigate SCAR markers as a poten-
tial, cost-effective alternative or additional method for genetic analysis. In addition, the ISP will 
stay appraised of research by the UC Davis Spartina lab and others which may lead to the de-
velopment of other suitable methods of genetic analysis in the future. 



 

San Francisco Estuary Invasive Spartina Project 18 2010 Monitoring Report 



San Francisco Estuary Invasive Spartina Project 19 2010 Monitoring Report 

3.  PHOTO POINT MONITORING 

3.1 BACKGROUND 

Photos were taken at 146 permanent photo point locations within 21 control program areas 
starting in 2006 to assess and document efficacy twice per season. Sites for photo point moni-
toring were selected to encompass a range of marsh types and treatment methods, and were lo-
cated within 70 control program subareas. Photos were taken early enough in the spring to al-
low the Control Program to assess the upcoming effort required at each site, and were taken 
again late enough in the summer to assess initial impact of current-year control efforts. 

3.2 METHODS 

Photo point monitoring took place beginning in late May following the protocol described in 
the QAD. Photos were taken at all photo point locations, with exact points relocated using GPS 
and compass directions, and with print-outs of past year’s photos used to ensure the correct an-
gle and horizon level in the camera view-frame. Two images were photographed at each loca-
tion. Final images were selected and cropped as necessary in the office to allow for the best 
match of horizon and view extent so as to allow for ease in comparability between years. 

Photo point images were shared with ISP Control Program Field Operations Managers within 
several days of data acquisition and used to inform field operations planning on an as-needed 
basis.

3.3 RESULTS 

Photo point monitoring was used by the ISP Control Program to quickly assess and plan for the 
upcoming treatment season. Photo monitoring was completed at 57 sites, with a total of 136 
photos taken at each of two rounds. Digital photos are saved to the ISP server, where they are 
organized by photo point to allow ease of viewing change over time using photo-viewing soft-
ware. Photo points are also available for public viewing on the web, through Google Maps and 
Picassa Web Albums, at http://g.co/maps/xj67d. Examples of photos from 2006-2010, and maps
Examples of photos from 2006 through 2010, and maps 
illustrating 2010 Spartina inventory doverlaid with photo point locations are presented for 
five locations in this report (Figure 38). These locations were selected to show a diversity of 
sites and a diversity of treatment efficacy as evidenced by the photos. These include Subarea 
2h: Greco Island South (Figure 39), Subarea 6b: Emeryville Crescent West (Figure 40), Su-
barea 7b: Oro Loma Marsh - west (Figure 41), Subarea 13e: Whale’s Tail South Fluke (Figure
42), and Subarea 18e: Sam Trans Peninsula (Figure 43). Note: Corresponding net area, treat-
ment area and treatment efficacy for these subareas can be looked up in Tables 4 and 5.

3.4 DISCUSSION 

The information on site-specific efficacy collected through photo point monitoring was used by 
the ISP Control Program to plan for field operations. This photo monitoring effort is also 
strengthening the documentation of observed efficacy of Spartina treatment efforts throughout 

illustrating 2010 Spartina inventory data overlaid with photo point locations are presented for
five locations in this report (Figure 38). These locations were selected to show a diversity of
sites and a diversity of treatment efficacy as evidenced by the photos. These include Subarea
2h: Greco Island South (Figure 39), Subarea 6b: Emeryville Crescent West (Figure 40), Subarea
7b: Oro Loma Marsh - west (Figure 41), Subarea 13e: Whale’s Tail South Fluke (Figure
42), and Subarea 18e: Sam Trans Peninsula (Figure 43). Note: Corresponding net area, treatment
area and treatment efficacy for these subareas can be looked up in Tables 4 and 5.

3.4 DISCUSSION
The information on site-specific efficacy collected through photo point monitoring was used by
the ISP Control Program to plan for field operations. This photo monitoring effort is also
strengthening the documentation of observed efficacy of Spartina treatment efforts throughout
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the Bay, and is documenting the resulting restoration of marsh vegetation or open mudflat at 
many sites. 

3.5 CONCLUSION 
Photo point monitoring has proven to be an efficient and effective method of monitoring and 
capturing information regarding the results of treatment, including passive restoration of tidal 
marsh and mudflat. Photo point monitoring will be continued into the future by the ISP Moni-
toring Program. 
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Table 1. Estimated Net Acres of Invasive Spartina in 2010 by Site  

Site Number and Name 
Estimated Total Net Acres 

(All Invasive Spartina) 

Estimated Total Acres 
Requiring Treatment 

(All Invasive Spartina) 

1: Alameda Flood Control Channel  0.95 4.38 

2: Bair/Greco Islands  30.56 92.55 

3: Blackie's Pasture  <¼ acre (79 m²) <¼ acre (397 m²) 

4: Corte Madera Creek Complex  0.80 1.93 

5: Coyote Creek/ Mowry Complex  8.65 18.53 

6: Emeryville Crescent  <¼ acre (807 m²) 0.79 

7: Oro Loma Marsh  0.81 2.73 

8: Palo Alto Baylands  1.37 2.66 

9: Pickleweed Park  <¼ acre (168 m²) <¼ acre (250 m²) 

10: Point Pinole Marshes  <¼ acre (725 m²) 0.33 

11: Southampton Marsh  <¼ acre (452 m²) <¼ acre (684 m²) 

12: Southeast San Francisco  <¼ acre (222 m²) <¼ acre (745 m²) 

13: Whale's Tail Complex  0.71 1.53 

15: South Bay Marshes  2.10 3.99 

16: Cooley Landing Salt Pond Restoration  3.15 7.97 

17: Alameda/San Leandro Bay Complex  18.28 34.35 

18: Colma Creek San Bruno Marsh Complex  1.59 4.15 

19: West San Francisco Bay  4.29 11.03 

20: San Leandro/Hayward Shoreline  3.74 12.23 

21: Ideal Marsh  1.91 5.68 

22: Two Points Complex  4.55 10.26 

23: Marin Outliers  0.37 1.17 

24: Petaluma River  <¼ acre (135 m²) <¼ acre (188 m²) 

25: Outer Coast  <¼ acre (139 m²) <¼ acre (195 m²) 

26: North San Pablo Bay  0.28 0.58 

GRAND TOTAL 85 acres 219 acres 
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Table 2. Change in Net Area of Invasive Spartina within ISP Bay Regions: 2005, 2009, 2010. 

ISP Region 2005 2009 2010 05-10 decline 09-10 decline 

Outer Coast 0.34 m2 38 m2 139 m2 increase (139 m2) 
increase (101 
m2) 

North Bay 0.8 ac 6 ac 5 ac increase (4 ac) 23% 

Suisun Bay 0.6 ac 0.1 ac 0.1 ac 82% 21% 

Central Bay 170 ac 49 ac 24 ac 86% 51% 

Northern South Bay 624 ac 90 ac 44 ac 93% 51% 

Southern South Bay 13 ac 14 ac 12 ac 13% 14% 

Grand Total 809 ac 159 ac 85 ac 90% 46% 
 

Table 3. Change in Area Requiring Treatment within ISP Bay Regions: 2008 - 2010. 

ISP Region 2008 2009 2010 08-10 decline 09-10 decline 

Outer Coast 64 m2 110 m2 196 m2 increase (132 m2) 
increase (86 
m2) 

North Bay 491 m2 822 m2 779 m2 increase (3 ac) 8% 

Suisun Bay 250 ac 198 ac 133 ac increase (289 m2) 5% 

Central Bay 127 ac 79 ac 49 ac 61% 38% 

Northern South Bay 250 ac 198 ac 133 ac 47% 33% 

Southern South Bay 46 ac 33 ac 25 ac 47% 26% 

Grand Total 431 ac 323 ac 218 ac 49% 33% 
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Table 4. Estimated 2010 Net Acres by Species and Total Net Acres and Acres Requiring Treatment by Subarea. 

  Spartina Coverage by Species (acres) All Invasive Spartina Cover (acres) 

Subarea an
gl

ic
a 

pa
te

ns
 

de
ns

ifl
or

a 
x 

fo
lio

sa
 

alterniflora x 
foliosa densiflora Net area Treatment area 

1a: Channel Mouth  <¼ acre (219 m²)  <¼ acre (219 m²) <¼ acre (472 m²) 

1b: Lower Channel  0.67  0.67 3.1 

1c: Upper Channel  <¼ acre (539 m²)  <¼ acre (539 m²) 0.91 

1d: Upper Channel - Union City Blvd to I-880  <¼ acre (26 m²)  <¼ acre (26 m²) <¼ acre (163 m²) 

1e: Strip Marsh No. of Channel Mouth  <¼ acre (310 m²)  <¼ acre (310 m²) <¼ acre (619 m²) 

1f: Pond 3-AFCC  <¼ acre (18 m²)  <¼ acre (18 m²) <¼ acre (199 m²) 

1: Alameda Flood Control Channel Total  0.95  0.95 4.38 

2a: Belmont Slough/Island, North Point, Bird 
Island, Steinberger Sl/Redwood Shores  2.06  2.06 7.42 

2b: Steinberger Sl South, Corkscrew Slough, 
Redwood Creek North  1.78  1.78 6.8 

2c: B2 North Quadrant  17.87  17.87 41.58 

2d: B2 South Quadrant - Rookery  1.81  1.81 10.52 

2e: West Point Slough NW  0.25  0.25 0.75 

2f: Greco Island North  2.12  2.12 8.83 

2g: West Point Slough SW and East  0.6  0.6 2.4 

2h: Greco Island South  1.52  1.52 5.88 

2i: Ravenswood Slough & Mouth  1.15  1.15 3.77 

2j: Ravenswood Open Space Preserve  <¼ acre (873 m²)  <¼ acre (873 m²) 0.81 

2k: Redwood Creek and Deepwater Slough 
Restoration  0.85  0.85 3.28 

2l: Inner Bair  0.31  0.31 0.47 
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Table 4. Estimated 2010 Net Acres by Species and Total Net Acres and Acres Requiring Treatment by Subarea. (continued) 

  Spartina Coverage by Species (acres) All Invasive Spartina Cover (acres) 

Subarea an
gl

ic
a 

pa
te

ns
 

de
ns

ifl
or

a 
x 

fo
lio

sa
 

alterniflora x 
foliosa densiflora Net area Treatment area 

2m: Pond B3 (Middle Bair)  <¼ acre (29 m²)  <¼ acre (29 m²) <¼ acre (130 m²) 

2: Bair/Greco Islands Total  30.56  30.56 92.55 

3a: Blackie's Creek (above bridge) <¼ acre (0.24 m²) <¼ acre (16 m²) <¼ acre (3 m²) <¼ acre (19 m²) <¼ acre (73 m²) 

3b: Blackie's Creek Mouth <¼ acre (1 m²) <¼ acre (56 m²) <¼ acre (3 m²) <¼ acre (60 m²) <¼ acre (324 m²) 

3: Blackie's Pasture Total <¼ acre (1 m²) <¼ acre (72 m²) <¼ acre (6 m²) <¼ acre (79 m²) <¼ acre (397 m²) 

4a: Corte Madera Marsh Reserve  <¼ acre (110 m²) <¼ acre (6 m²) <¼ acre (116 m²) <¼ acre (187 m²) 

4b: College of Marin Study Area  <¼ acre (2 m²) <¼ acre (19 m²) <¼ acre (21 m²) <¼ acre (7 m²) 

4c: Piper Park East <¼ acre (2 m²) <¼ acre (0.08 m²) <¼ acre (1 m²) <¼ acre (4 m²) <¼ acre (9 m²) 

4d: Piper Park West <¼ acre (<1 m²)  <¼ acre (1 m²) <¼ acre (1 m²) <¼ acre (3 m²) 

4e: Larkspur Ferry Landing Area  <¼ acre (4 m²) <¼ acre (0.01 m²) <¼ acre (4 m²) <¼ acre (15 m²) 

4f: Riviera Circle  <¼ acre (6 m²) <¼ acre (155 m²) <¼ acre (160 m²) <¼ acre (270 m²) 

4g: Creekside Park 
<¼ acre (89 m²) 

<¼ acre (4 m²) <¼ acre (658 m²) <¼ acre (822 m²) 0.59 
<¼ acre (71 m²) 

4h: Upper Corte Madera Creek (Above Bon Air Rd) <¼ acre (7 m²) <¼ acre (84 m²) <¼ acre (5 m²) <¼ acre (95 m²) <¼ acre (205 m²) 

4i: Lower Corte Madera Creek (Bon Air Rd to HWY 
101) <¼ acre (12 m²) <¼ acre (127 m²) <¼ acre (40 m²) <¼ acre (179 m²) <¼ acre (364 m²) 

4j: Corte Madera Creek Mouth (Below HWY 101) <¼ acre (1 m²) 0.34 <¼ acre (439 m²) 0.45 1.08 

4k: Boardwalk Number One (Arkites) <¼ acre (0.35 m²)  <¼ acre (4 m²) <¼ acre (4 m²) <¼ acre (12 m²) 

4: Corte Madera Creek Complex Total <¼ acre (183 m²) 0.43 0.33 0.8 1.93 

5a: Mowry Marsh-Newark Slough to Calaveras 
Point  4.86  4.86 9.27 

5b: Dumbarton/Audubon  1.55  1.55 3.38 

5c: Newark Slough  0.39  0.39 0.99 
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Table 4. Estimated 2010 Net Acres by Species and Total Net Acres and Acres Requiring Treatment by Subarea. (continued) 

  Spartina Coverage by Species (acres) All Invasive Spartina Cover (acres) 

Subarea an
gl

ic
a 

pa
te

ns
 

de
ns

ifl
or

a 
x 

fo
lio

sa
 

alterniflora x 
foliosa densiflora Net area Treatment area 

5d: LaRiviere Marsh  1.2  1.2 3.16 

5e: Mayhew's Landing  <¼ acre (349 m²)  <¼ acre (349 m²) 0.28 

5f: Coyote Creek- Alameda County  <¼ acre (49 m²)  <¼ acre (49 m²) <¼ acre (182 m²) 

5g: Cargill Pond (W Hotel)  0.53  0.53 1.31 

5h: Plummer Creek Mitigation  <¼ acre (95 m²)  <¼ acre (95 m²) <¼ acre (375 m²) 

5: Coyote Creek/ Mowry Complex Total  8.65  8.65 18.53 

6a: Emeryville Crescent East  <¼ acre (294 m²)  <¼ acre (294 m²) <¼ acre (647 m²) 

6b: Emeryville Crescent West  <¼ acre (513 m²)  <¼ acre (513 m²) 0.63 

6: Emeryville Crescent Total  <¼ acre (807 m²)  <¼ acre (807 m²) 0.79 

7a: Oro Loma Marsh-East  0.26  0.26 0.93 

7b: Oro Loma Marsh-West  0.54  0.54 1.8 

7: Oro Loma Marsh Total  0.81  0.81 2.73 

8: Palo Alto Baylands  1.37  1.37 2.66 

8: Palo Alto Baylands Total  1.37  1.37 2.66 

9: Pickleweed Park <¼ acre (0.08 m²) <¼ acre (67 m²) <¼ acre (5 m²) <¼ acre (168 m²) <¼ acre (250 m²) 

9: Pickleweed Park Total <¼ acre (0.08 m²) <¼ acre (164 m²) <¼ acre (5 m²) <¼ acre (168 m²) <¼ acre (250 m²) 

10a: Whittel Marsh  <¼ acre (14 m²) <¼ acre (0.2 m²) <¼ acre (14 m²) <¼ acre (28 m²) 

10b: Southern Marsh  <¼ acre (339 m²) <¼ acre (0.01 m²) <¼ acre (339 m²) <¼ acre (497 m²) 

10c: Giant Marsh <¼ acre (0.08 m²) <¼ acre (372 m²)  <¼ acre (372 m²) <¼ acre (815 m²) 

10: Point Pinole Marshes Total <¼ acre (0.08 m²) <¼ acre (725 m²) <¼ acre (0.21 m²) <¼ acre (725 m²) 0.33 

11: Southampton Marsh <¼ acre (32 m²) <¼ acre (422 m²)  <¼ acre (452 m²) <¼ acre (684 m²) 

11: Southampton Marsh Total <¼ acre (32 m²) <¼ acre (422 m²)  <¼ acre (454 m²) <¼ acre (684 m²) 




