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Background  
The San Francisco Estuary Invasive Spartina Project was established by the California 
Coastal Conservancy in 2000 in response to the invasion of hybridized non-native 
Spartina into the marshes and mudflats of the San Francisco Estuary (referred to as Estu-
ary or Bay throughout this report). The purpose of the ISP is to implement a coordinated, 
region-wide program to control and eventually eradicate S. alterniflora and their hybrids 
as well as other non-native Spartina species from the Estuary. As part of its regional pro-
gram, the ISP conducts annual monitoring to track and map the extent and rate of spread 
of nonnative Spartina, to inform the ISP’s Control Program, and to monitor the efficacy 
of treatment efforts.  

The Cooley Landing Restoration Project in East Palo Alto is one of many South Bay tidal 
marsh restoration sites that was opened to tidal action prior to eradication of local S. al-
terniflora x foliosa hybrid seed sources and was subsequently invaded by these hybrids. 
Unlike many other restoration sites, Cooley Landing also had an abundant local source of 
native S. foliosa seed and propagules, and so the newly opened site was also populated by 
native cordgrass. Native and hybrid were distributed throughout the marsh. This mix of 
hybrid and native cordgrass at this site makes discernment of the ancestry (hybrid or na-
tive) of young plants especially challenging. 

This study was designed to help inform differentiation of hybrid and native Spartina at 
this site, with a hope that these results can be useful for current and future years’ work at 
this and other sites. 

Study Goals 
The first goal of this study was to compare the taxonomic identification of Spartina plants 
at Cooley Landing based on (a) expert evaluation of the phenotypic characteristics (mor-
phology, density, phenology) and locations of the plants within the marsh (“field ID”) 
and (b) genetic evaluation using microsatellite markers (“lab ID”).  

The purpose of this comparison was to allow estimation and reporting of the amount of 
hybrid Spartina at Cooley Landing based on field identification only versus field identifi-
cation informed by genetic testing. 

An additional goal of this study was to collect data to allow testing for correlation be-
tween measured physical parameters (elevation, inundation, plant height, stem width, 
etc.), specific microsatellite markers, and taxonomic identifications (field ID, lab ID, and 
field ID as informed by lab ID). The purpose of this comparison will be to (1) assess the 
strength and predictability of taxonomic identifications based on measured physical pa-
rameters, (2) identify any physical parameters associated with unexpected lab identifica-
tions, (3) identify any correlations between measured physical parameters and specific 
microsatellite markers. The results of this additional analysis of the data will be reported 
separately. 

Study Rationale  
The ISP relies heavily on the identification of Spartina taxonomic groups (S. foliosa ver-
sus hybrid S. alterniflora x foliosa) by trained biologists based on phenotypic characteris-
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tics of plants in the field. Since its inception, the ISP has also relied on the use of genetic 
tests to inform Spartina species identification, especially the differentiation of late-
generation S. alterniflora x foliosa hybrids versus the native S. foliosa. Genetic testing, 
using RAPDs as described by Ayres et al. (1999) or microsatellite markers as described 
in annual ISP Monitoring Reports (Hogle and Olofson Environmental Incorporated 
2011a, b), have informed the training of ISP biologists to identify those plants that pos-
sess some S. alterniflora ancestry, but otherwise have many phenotypic characteristics 
indicative of the native S. foliosa.  

In this experiment, we aimed to test the differences in net cover and treatment area of hy-
brid Spartina at Cooley Landing as identified solely by plant phenotypic characteristics 
versus when identification was informed by genetic testing results. This study provides 
two different assessments of the degree of infestation at this site based on this compari-
son.  

Methods 
Inventory Survey 

The site was divided into twelve areas roughly equal in size and delineated by features 
visible on the ground (primarily channels), Of these areas, six sampling areas were se-
lected using a random number generator. The resulting area to be sampled encompassing 
50% (41 of 82 acres) of the potential Spartina habitat at the site.  

A complete inventory survey of all Spartina was conducted within the six sampling areas 
(Figure 1). Patches were mapped in accordance with standard ISP inventory monitoring 
protocols (Hogle et al. 2008), with the notable additional work of mapping all Spartina 
(field-identified S. foliosa and S. alterniflora x foliosa hybrids) for the purposes of this 
study. During the survey, experienced ISP staff recorded their field identification and as-
sociated confidence level for all mapped patches. 

Plant Material Collection  
Within the six sampled areas, a stratified random sampling design was employed to en-
sure collection of samples from throughout the marsh. Twenty (20) fully expanded leaf 
samples were taken from each of six different categories of plants with high, medium and 
low field confidence IDs, for a total of 120 samples (Table 1). This was accomplished by 
choosing a random selection of twenty features of each species-confidence combination 
throughout the sampled area in a GIS. Using a GPS to relocate these patches, biologists 
took leaf samples of plants from each of these selected patches. Thus the collected plants 
represent a cross section of phenotypes from a hybridized marsh and provide a good op-
portunity to analyze the intra-specific variation of both the native Spartina foliosa and 
invasive hybrid populations.      

Morphological Data Collection 
We recorded stem width, stretch height, density of plants and elevation at each DNA 
sample location. Stem width was measured to the nearest millimeter at the widest part of 
the stem using calipers. Stretch height was measured to the nearest centimeter using a 1.5 
meter long wooden dowel marked at 10 centimeter intervals. Channel depth was meas-
ured to the nearest centimeter, and was measured as depth below marsh plain (if Spartina 
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was growing in a channel or depression) using the same wooden dowel. Elevation was 
measured by a professional surveyor using a Leica RTK GPS base and rover and Topcon 
Total Station and data collector, with ISP field biologists holding the elevation staff sited 
by the professional surveyor.  

The equation for estimating inundation regime based on elevation data was modeled by a 
professional hydrologist using the collected transducer data. Inundation, based on eleva-
tion, will be estimated for each sampling point based on elevation, transducer data and 
this hydrologic equation. 

Microsatellite Testing  
Genetic samples were collected and processed in accordance with the ISP 2010 data col-
lection protocols, including initial washing and drying of samples followed by refrigera-
tion at a controlled 20° C upon return from the field. Samples were shipped overnight, on 
ice to the UCLA Human Genomics Lab for extraction and microsatellite testing. The 
UCLA Human Genomics Lab followed the Promega DNA extraction methods following 
the manufacturer’s instructions, and ran microsatellite testing using the 15 primers listed 
in Table 2. These primers were among those developed by Blum et al. (2004) and Sloop 
et al. (Sloop et al. 2006) and were selected by L. Feinstein, C. Sloop and E. Jack for use 
by the ISP. 

Microsatellite results were reported to the ISP in tabular format. ISP staff formatted and 
analyzed these results using the software structure (Pritchard et al. 2000a, Pritchard et al. 
2000b). Results from Cooley Landing were analyzed along with all other 2010 results 
and controls from around the San Francisco Bay area to better inform the cluster analysis 
performed by structure. Parameter settings used in structure included analysis of k=2 
populations, assuming admix between populations and using the full set of hexaploid mi-
crosatellite data provided by the lab. 

GIS Data Editing 
Genetic sample results were linked to GIS data to allow visualization of results mapped 
by exact collection location. ISP biologists reviewed results and manually updated final 
species determinations of mapped Spartina features associated with DNA results in the 
GIS based on genetic results. 

Results Analysis 
Summary statistics were performed to quantify the number of samples for which field 
and lab identifications agreed and disagreed. Further statistics will be performed to assess 
correlations between phenotypic characteristics, surveyor field identifications, genetic 
identifications, or extrapolated inundation levels. 

Net and treatment area of hybrid and native Spartina within sampled areas were summa-
rized and a ratio of hybrid:native was established. This ratio was used to extrapolate the 
total amount of native S. foliosa in the marsh based on the full marsh inventory of hybrid 
Spartina. 

Net area of mapped invasive Spartina features within sampled areas was summarized by 
field identification, field ID confidence, and final species determination, as informed by 
genetic results. A percent change value was calculated to allow extrapolation of differ-
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ences between field versus field + genetic identification to the entire marsh, as only field-
identified S. alterniflora x foliosa hybrids were mapped outside of the sampled areas. 

Results 
Maps showing genetic sampling locations and results by sampling area are presented in 
Figures 2 – 7. (Note that these maps do not indicate field identification confidence.) 

Analysis of field versus lab identification (Table 3) indicates that lab and field ID agreed 
for the majority of samples collected with high levels of field confidence. Ninety percent 
(90%) of those samples identified as S. alterniflora x foliosa hybrids with high confidence 
in the field were also identified as hybrids based on microsatellite analysis. For those 
samples identified as S. alterniflora x foliosa hybrids in the field with low to moderate 
confidence, lab and field ID agreed only 50% of the time. For those samples identified as 
S. foliosa with low to moderate confidence, lab and field ID agreed approximately 80% 
of the time. Only 75% of those samples identified as S. foliosa with high confidence in 
the field had corroborating microsatellite results. 

Based on a summary of final species determinations of mapped hybrid and native 
Spartina within sampling areas, we calculated hybrid:native Spartina ratios of 80:20 for 
net area and 79:21 for treatment area within these areas. This ratio was then used to ex-
trapolate the estimated amount of native Spartina within the full marsh based on the hy-
brid Spartina mapped throughout the full marsh. Results are presented in Table 4. 

Analysis of final species determinations of mapped hybrid and possible hybrid Spartina 
within sampling areas (Table 5) indicated that initial estimates of net hybrid Spartina 
area and treatment area based soley on field identification were exagerrated by only 1% 
each (0.007 net acres, 0.015 treatment acres). No patches identified as hybrid with high 
field identification confidence were changed, but some plants identified as hybrids with 
low to moderate field ID confidence were determined to be S. foliosa based on genetic 
results. Edits in the opposite direction, from field-identified S. foliosa to hybrid or possi-
ble hybrid based on genetics, resulted in an increase of approximately 13% (0.024 acres) 
net area of invasive Spartina and a 14% increase (0.077 acres) in treatment area, with the 
majority of this change in area due to changes made from field-identified moderate con-
fidence S. foliosa to possible hybrid based on genetic results.  

Inventory mapping of hybrid S. alterniflora x foliosa took place throughout the entire 
marsh, and mapping of S. foliosa took place primarily within sampling areas. Net area of 
both hybrid and native, using final species determinations, are presented for each sam-
pling area in Figures 8 – 13. The extent and location of those mapped patches throughout 
the entire site for which initial field identification did not change following review of ge-
netic data or other information (such as re-evaluation later in the season) are shown in 
Figures 14 and 15 for hybrid and native, respectively. Locations of those patches for 
which final species determinations differed from original field identifications are shown 
in Figures 16 – 18. 

Adjusting the area of Spartina within the full Cooley Landing site by species using those 
percent changes in area calculated within sampling areas for genetic results-based edits 
mentioned above (1% decrease in net hybrid area, 13% increase in net native area) re-
sulted in an estimated 7% decrease in net hybrid area and an estimated increase of 27% in 
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net S. foliosa area at the site. The adjustment of treatment area led to an estimated 6% 
decrease in the amount of area requiring treatment at the site. Table 6 presents these re-
sults. 

Discussion 
The differentiation of hybrid versus pure native Spartina can be extremely challenging in 
the field for those samples which are not “obvious” hybrids (defined as those plants dis-
playing multiple phenotypic characteristics indicative of hybridity). The results of our 
analysis of field versus lab identification (Table 3) supports this conclusion, showing 
90% agreement between field and lab identification for those samples identified as hy-
brids with high confidence in the field and lower levels of agreement (50-80%) for all 
other samples. 

However, our results show a relatively small change in total acreage based on genetic re-
sults. This result is a consequence of the much greater area occupied by “obvious” hy-
brids compared to the more difficult-to-identify hybrids at Cooley Landing (Table 5).  

As can be seen in Figure 1, although our survey areas were selected randomly, they ap-
pear to be biased towards the southern end of the marsh. Individuals within our project 
have observed that the northern end of the marsh may contain a higher percentage of fo-
liosa:hybrid than found in the southern end of the marsh, whereas the mudflat area may 
contain a very high percentage of hybrid and quite possibly no native Spartina (as native 
Spartina is generally unable to colonize lower elevation mudflats). It seems plausible that 
perhaps these areas cancel each other out – the northern area may have a lower hy-
brid:native ratio, and the mudflat may have a higher hybrid:native ratio – such that al-
though there may be variations in this ratio within any given section of the marsh, the 
80:20 ratio may be applicable to the entire marsh as a whole. The collected data do not 
provide a way to test the theory that this observed variability of hybrid: native within the 
marsh is real or that its consequences are minimal at the full site level.   

Conclusion 
The ISP estimates that approximately 80% of the Spartina at Cooley Landing is of hybrid 
origin, and that the remaining 20% is native Spartina foliosa. These results are based on a 
combination of mapping efforts and genetic testing, and reflect the on-the-ground opin-
ions of biologists as well as experienced invasive Spartina treatment crews. As described 
above, we feel that despite subjective observations of variability in hybrid:native ratios 
throughout the marsh and in areas outside the sampled areas, this extrapolated ratio is 
likely valid for the site as a whole due to the balancing out of such ratios at the full site 
level. 

Genetic testing results support the conclusion that trained ISP biologists are able to accu-
rately judge their ability to identify individual plants as hybrids based on phenotypic 
characteristics. Genetic results agreed with field identifications for 90% of those plants 
identified as hybrids with high field ID confidence, with correspondence between field 
and lab identifications decreasing with decreased field ID confidence. 

The correspondence between field and lab identification of native plants was weaker than 
for that of hybrids, however, and did not appear to correlate well with field ID confi-
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dence. This could be due to the difficulty in differentiating native plants from dilute hy-
brids, or the focus of ISP biologists on identification of hybrid Spartina (rather than na-
tive), or a less robust microsatellite markers for detecting a true lack of S. alterniflora an-
cestry (rather than for detecting a presence of S. alterniflora ancestry). 
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Tables and Figures 
 
Table 1. Field-identified hybrid and S.foliosa leaf samples collected following the mapping of both 
species within Cooley Landing sampling areas.  

 
Field ID 

Hybrid 
(# plants) 

Foliosa 
(# plants) 

   
High confidence 20 20 
Medium confidence 20 20 
Low confidence 20 20 

 
 

Table 2. Primers for 2010 SSR Analysis. Markers developed by Blum et al. (2004) and Sloop et 
al. (2006). 

Primer Forward sequence (5'-3') Reverse sequence (5'-3') 

UCD-
identified 
S. foliosa 

alleles 

UCD-
identified 
alleles oc-

curring only 
in S. al-

terniflora x 
foliosa hy-

brids 
Spar 02 GAAGGACGAGTCTCATTTGG GGCTGCCCCTGTTTCACG 193 201, 213 

Spar 08 CTAAGGTCCCAAACGACGAC GCGACGAGCGAGGATTTAC 193 180, 188 

Spar 10 CGCAAAACGAAACCTTGTTC AGGCTGCTGGACTGACATCT 339-345 335, 347 

Spar 15 ATTTGCTGCTTTTGGTAGAC GTAGAACAATGGAAGAATGC 266-268 266-285 

Spar 16 CTTCCTGCTTGAATTGGTAG ACATCGGTGGCAGTAGTAAC 380 376-386 

Spar 17 TACTTTGGTGTTTGCTTTATC GAGTTAGAGGAGTTATTGCTG 374 372-376 

Spar 18 AACTTCTTGTTCTGGGATTG TAGGGAGATAGGACTGGACTG 181-196 180-196 

Spar.20 ACCGTGCCTCAGCTACTG GGTGTTTCCTCGCATAGATC 171 173, 175, 
177, 179, 181

Spar 21 TGATGCTGTTTCTACCACCTTTAC CCTCGTCCTCCGTTTTTG 226-239 224-244 

Spar 22 ACTGGTCGGTATGGATGCACTGG
TCGGTATGGATGC ATGAGGTCGGTCGTTGTAGC 369-416 367-419 

Spar 24 TTACACTTGACCTTCTCATC GAAACGACTACAGCAATAAG 173 167-197 

Spar 26 TTCAACTGGCGTAGTGATTCC AACATTTCCGACTGGTAGAGC 263 263-291 

Spar 27 CATCAAAAGCAAGAGGA GACACCAACGGAACTG 314 304-331 

Spar 31 GATCGGACAACTCTATGGAC CCAGAAGAAAGTACACAAAG 222-240 191-238 

Spar 32 TGGGAACACTTATCAACAATGG AGGTGGAGACAACGGAGCAG 443-507 443-445 
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Table 3. 2010 microsatellite results from Cooley Study collection effort.      

Field ID of DNA  
sample 

Field ID 
confidence

Microsatellite 
evidence 

Number 
of Sam-

ples 

Percent 
within 

Field ID 
conf. 

Percent 
of Total

S. alterniflora x 
foliosa hybrid 9 

 
47% 8% low 

S. foliosa 10 53% 8% 
S. alterniflora x 
foliosa hybrid 10 

 
50% 8% moderate 

S. foliosa 10 50% 8% 
S. alterniflora x 
foliosa hybrid 19 

 
90% 16% 

S. alterniflora x foliosa 
hybrid 

high 
S. foliosa 2 10% 2% 
 

S. alterniflora x 
foliosa hybrid 4 

 
9% 3% low 

S. foliosa 17 81% 14% 
S. alterniflora x 
foliosa hybrid 4 

 
21% 3% moderate 

S. foliosa 15 79% 13% 
S. alterniflora x 
foliosa hybrid 5 

 
25% 4% 

S. foliosa 

high 
S. foliosa 15 75% 13% 
 

    Total: 120 samples  
           

 

Table 4. Mapped and ratio-extrapolated acreages of hybrid and native Spartina within Cooley 
Landing.  

Mapped 
Area 

Final Species Determination  
 

Net 
Acres 

Treatment 
Acres 

Mapped hybrid (S. alterniflora x foliosa) 0.68 1.83 
Mapped native (S. foliosa) 0.17 0.5 
Total Spartina 0.86 2.33 

Sampling 
Areas 

Ratio (hybrid:native) 80:20 79:21 
Mapped hybrid (S. alterniflora x foliosa) 2.87 7.3 

Ratio-Extrapolated native (S. foliosa) 
0.72

1.94 Full Site 

Total Spartina 3.59 9.24 
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Table 5. Net and treatment area of mapped Spartina features within sampled areas summarized 
by field identification, field ID confidence, and final species determination, as informed by genetic 
results.  

Spartina within Sampling Areas 

Field ID 
Field ID 

confidence 

Final Species Determina-
tion (based on genetic re-

sults) Net m2 

Percent of 
total (within 
Field ID conf.  

class)  
net m2 

Treat-
ment m2 

Percent of 
total 

(within Field ID 
conf.  class)  

treatment m2

  

S. alterniflora/hybrid 96 87% 326 90% 
S. foliosa 4 3% 18 5% 
Possible S. alterniflora/  
hybrid 11 10% 19 5% 

lower 

 Total 110  364  
S. alterniflora/hybrid 259 89% 1,045 94% 
S. foliosa 25 9% 35 3% 
Possible S. alterniflora/  
hybrid 7 2% 27 2% 

moderate 

 Total 290  1,107  
S. alterniflora/hybrid 2,264 100% 5,523 100% 
S. foliosa 1 0% 7 0% high 
 Total 2,265  5,530  
S. alterniflora/hybrid 2,619 98% 6,894 98% 
S. foliosa 30 1% 60 1% 

S. alterniflora x 
foliosa hybrid 

Total 
Possible S. alterniflora/ 
hybrid 18 1% 46 1% 

  

S. foliosa 287 94% 726 92% 
S. alterniflora/hybrid 11 3% 40 5% 
Possible S. alterniflora/ 
hybrid 7 2% 24 3% 

lower 

 Total 305  791  
S. foliosa 278 82% 779 85% 
S. alterniflora/hybrid 63 18% 139 15% moderate 
 Total 341  918  
S. foliosa 90 84% 418 79% 
S. alterniflora/hybrid 16 15% 102 19% 
Possible S. alterniflora/ 
hybrid 1 1% 8 1% 

high 

 Total 107  528  
S. alterniflora/hybrid 655 87% 1,923 86% 
S. foliosa 90 12% 281 13% 

S. foliosa 

Total 
Possible S. alterniflora/ 
hybrid 8 1% 32 1% 
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Table 6. Adjusted net and treatment area of Spartina within the full Cooley Landing site. Adjust-
ments were made to reflect hypothesized changes in species designations based on genetic re-
sults-based changes made within sampled areas. 

Mapped 
Area Final Species Determination Acres 

% 
Ad-
just-
ment 

Reduction 
in Acres 

Adjusted 
Acres 

% 
Change

Mapped hybrid (S. alterniflora x foliosa) 2.87 - 1% 0.29 2.68 -7%
Extrapolated native (S. foliosa) 0.72 - 13% 0.09 0.91 27%Net Acres 
Total Spartina 3.59     3.59 0%
Mapped hybrid (S. alterniflora x foliosa) 7.3 - 1% 0.73 6.84 -6%
Extrapolated native (S. foliosa) 1.94 - 14% 0.27 2.40 24%Treatment 

Acres 
Total Spartina 9.24     9.24 0%
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Figure 1. Map of the locations of the areas where field-identified Spartina foliosa and hy-
brid S.  alterniflora x foliosa samples were collected. 
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Figure 2. Map showing location and results of genetic identification as compared to field 
identification within the “green” sampling area. 
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Figure 3. Map showing location and results of genetic identification as compared to field 
identification within the “yellow” sampling area. 
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Figure 4. Map showing location and results of genetic identification as compared to field 
identification within the “pink” sampling area. 
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Figure 5. Map showing location and results of genetic identification as compared to field 
identification within the “dark green” sampling area. 
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Figure 6. Map showing location and results of genetic identification as compared to field 
identification within the “grey” sampling area. 
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Figure 7. Map showing location and results of genetic identification as compared to field 
identification within the “purple” sampling area. 
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Figure 8. Map showing location and extent (net area) of Spartina within the “green” sam-
pling area, showing final species determinations. 
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Figure 9. Map showing location and extent (net area) of Spartina within the “yellow” sam-
pling area, showing final species determinations. 
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Figure 10. Map showing location and extent (net area) of Spartina within the “pink” sam-
pling area, showing final species determinations. 
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Figure 11. Map showing location and extent (net area) of Spartina within the “dark green” 
sampling area, showing final species determinations. 
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Figure 12. Map showing location and extent (net area) of Spartina within the “grey” sam-
pling area, showing final species determinations. 
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Figure 13. Map showing location and extent (net area) of Spartina within the “purple” 
sampling area, showing final species determinations. 
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Figure 14. Map showing location and extent (net area) of Spartina patches identified as 
hybrid S. alterniflora x foliosa during field mapping and not changed during final species 
determination. 
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Figure 15. Map showing location and extent (net area) of Spartina patches identified as 
native S. foliosa during field mapping and not changed during final species determination. 
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Figure 16. Map showing location and extent (net area) of Spartina patches identified as  
hybrid during field mapping and redesignated to native S. foliosa during final species de-
termination. 
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Figure 17. Map showing location and extent (net area) of Spartina patches identified as  
native S. foliosa during field mapping and redesignated to hybrid S. alterniflora x foliosa 
during final species determination. 
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Figure 18. Map showing location and extent (net area) of Spartina patches identified as  
either hybrid or native during field mapping and redesignated as “Possible S. al-
terniflora/hybrid” during final species determination. 
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