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Statement of Need

Nortindigenous invasve species (NIS) of cordgrass, genus Spartina, are
goreading in the San Francisco Edtuary. The invasons might negatively impact many
agoects of the eduarine ecosystem, incuding navigation, flood control, and native fish
and wildlife. These guiddines will help develop basic information about the dtatus of the
invasons and the efficacy of the treetments. The intended audience for this information is
the regiond community of environmentd managers, scientists, and concerned citizens. It
is expected that these guidelines will be used by the Invasve Sparttina Project (ISP) that
is being organized to control NIS Spartina invasons in the San Francisco Estuary.

Purpose

There are many important questions about the nature of the invasons and
tretment effects that might be addressed by a monitoring program. But a few
fundamenta questions underlie dl others. The purpose of these guidelines is to present
the methods for collecting the kinds of field data that are needed to answer the following
kinds of questions.

Policy Quegtions
How is successful control defined?
Management Questions
What areas should be treated, by what methods, in what priority?
Factual Questions
What isthe regiond digtribution and abundance of the target
species?
How effective are different trestment gpproaches
under different conditions?

What are the costs of different types of trestment?
Forecasts

What might be the future digtribution of the target
species based upon their response to treatments?

Geogr aphic Scope and Spatial Scale

NIS Spartina should be monitored a three scaes Individud treatment Stes,
multiple trestment dtes, and the Eduary as a whole. The tempord frequency of
monitoring will vary between indicators.

?? Individual treatment sites. Individud Stes are subject to no more than one trestment
type for a specified period of time. The sze and shape of trestment Sites should be
conducive to consgtent and comprehensve treatment over time. A dte should be
obvious, it might be ddimited by clearly marked property lines, levees, or other
engineered Structures.

?? Multiple sites. Different stes might be compared based on trestment type (eg., Stes
of chemicd <goraying compared to dtes of physcd control), environmenta
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characterigtics (eg., sdine dtes versus brackish gdtes, or South Bay dtes versus
Central Bay dtes) to assess the effects of these factors on treatment efficacy. A dSte
might be compared with itsdf over time and with other sites of the same and different
kinds.

?? Estuarine ecosystem. The entire potential geogrephic range of the NIS Spartina
goecies within the San Francisco Estuary should occasondly be surveyed to
determine if the invasons are spreading beyond the geogrephic limits of the more
intensve monitoring and treatment Stes.

Guiddinesto Monitor Treatment Sites
Selection of Monitoring Sites

A monitoring dte is a trestment Ste that is sdected for monitoring the efficacy of
treetment efforts. Not al treatment dtes will be monitored. Site sdection requires an
underganding of dte logistics and locd ecologicd and socid sengtivities, as well as the
relative importance of different Stes in the context of the overdl invason. To the extent
practicable, the sdection of monitoring sites should be coordinated with other wetlands
monitoring  efforts. Monitoring dtes will be sdected by the regiondly coordinated
Invasve Spatina Project (ISP), based upon these concerns plus the availability of
adequate funding for monitoring.

For the purposes of monitoring, a Ste is too large if it cannot be monitored within
the required timeframe. It is too smdl if it cannot provide the adequate sample Sze (see
Sample Size below), or if it would yidd results tha are likdy to be confounded by off-
dte events.

In time, as the data record is extended, monitoring results might be used to predict
the efficacy of treetment & dtes and thus reduce the amount of monitoring that is
required. Such predictive capability will not, however, completely diminate the need to
monitor a any dte. These guiddines should yield results from many dStes that can be
used to develop and test predictive models, and thus provide a basis for modifying, and
perhagps Smplifying, the monitoring program.

Sampling Univer se

A sampling universe is defined as the place and time that can be described by the
monitoring results. For example, if there is a need to describe conditions of NIS Spartina
for dl the sdine tidd marshes in the Edtuary during autumn, then NIS Spartina must be
sampled in autumn throughout the didtribution of sdine tidd marshes, and the results
cannot be applied to other kinds of marshes or to other times without large assumptions
that differences between the places or between the times are not sgnificant. Smilarly, if
there is a need to describe conditions at a particular trestment sSte, then the sample must
be drawn from the dSte, and the results cannot usudly be gpplied to other Stes, athough
results from smilar sites might be combined (see Geographic Scope and Spatid Scae
above).

For the purpose of monitoring individud gtes, there are two kinds of samples.
The treatment sample is drawn from the places within a dte where NIS Spartina is
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actudly treated. These places condtitute the treatment universe. The untreated sample® is
drawn from places within a Ste or a comparable sites that are not trested. These places
conditute the untreated universe. Treatment samples are needed to describe the
conditions of treated Spartina or its habitat. Untrested samples are needed to describe
background or ambient conditions of untrested Spartina or its habitat. If the treatment
samples and untreated samples are taken at comparable places and times, then they can
be used to evauate the efficacy of the treatment.

Definition of Treatment Success

The treatment of NIS Spartina is complicated by a variety of ecologica and socid
factors. The most complicating ecologicd factor is hybridization between the invasve
Spartina alterniflora and the native Spartina foliosa. These hybrids may pose grester
ecologicd and economic thregts than the origind invaders, while dso reducing the ability
of fidd personnd to didinguish the invaders from the native species Uncetan
identification of the target species can greetly reduce the efficacy of trestments.

According to the ISP, the initid definition of success for the system as a whole is
no net increase in acres of NIS Spartina as measured againgt the 2001 base line. But
hybridization complicates the meaning of trestment success. Although the biology of S
alternifilora and S. foliosa favors the traits of the invader (Anttila and Daehler 1997,
Anttila et d 1998, Daghler et d 1999), aggressve treatment of obvious S alterniflora
may promote locd hybrid populations with growth habits more smilar to the native
gpecies. Successful trestment may mean dominance by a hybrid population that is an
ecologica and geomorphic andogue to the native species. Monitoring must therefore use
indicators of progress or regress relative to evolving definitions of trestment success.

Indicators and M ethods of Data Collection

Indicators of field conditions of NIS Spartina have been sdlected to address the
fundamental management questions (see Purpose above). Standard methods for these
indicators are required to contrast and compare the efficacy of treatment for different
types of treatment and different trestment Sites.

Indicator s of Spatial Distribution

The invason by NIS Spartina may extend the vertica range of emergent
vascular vegetation within the intertidd zone of the San Francisco Estuary. Invasion of
NIS Spartina into the upper zone might displace native pecies that inhabit tidal marshes.
Invasion into the lower zone might aso decrease the amount of unvegetated tidal flat.
These changes in plant species compostion and didribution in the intertidd zone could
have dgnificant negative impacts on the ecology and economy of the Estuay (WSU

1 The terms, “treatment” and “control,” have different meanings in the language of experimental design
than in the language of managing NIS Spartina. Statisticians regard treatment conditions and control
conditions as comparable but not necessarily similar. For Spartina managers, treatment and control mean
the same thing. To prevent confusion, the terms “treated” and “untreated” are used here. In terms of
statistics, the untreated sampl e represents control conditions. In terms of management, the untreated sample
represents conditions in the absence of control efforts.
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1997). The verticd didribution of NIS Spartina, its aoundance rdative to native plant
gpecies, and the amount of tidal flat should therefore be monitored at trestment Sites.

Vertical Range

The maximum and minimum pogtions of NIS Spartina dong the dope of the
intertidal zone is a practicad indicator of its verticd range. Movement of NIS Spartina
aong this dope would indicate thet its vertica range is changing.

Table 1 (beginning on the next page) outlines three gpproaches to measuring the
verticd range of NIS Spartina at different costs and benefits. The information content and
cost of the approaches depends on the amount of surveying that is conducted to determine
elevations. The smplest gpproach should be the default choice, since it provides the basic
data & minimum cost. The more complex approaches might be used a some stes to help
explain variationsin the vertica range.

Relative Abundance
This is a s&t of indicators for changes in the abundance of NIS Spartina

relative to native vegetation. The individud indicators are:

?? Number of random sample plots containing NIS Spartina;

?? Number of random plots containing netive Spartina;

?? Number of random plots containing hybrids;

?? Average percent cover of NIS Spartina, native Spartina, and hybrids
per plot;

?? Average percent cover of native plant species per plot.

Sampling plots should be randomly sdlected from a population of possble plots
within the treated universe and the untrested universe. The sampling universes should be
mapped on geo-rectified, mosaic-ed, CIR or black/white aerial photography, scae
1:6,000, taken at dack low water during a very low tide. The photography should not be
older than two growing seasons. A GIS will be used to draw a uniform grid with 5m
nodes across each sampling universe. Each 25-n? cdl of the two grids will be uniquely
coded. The horizontal GPS coordinates of the center point of each cel will be determined
as a cdl atribute. At leest 30 cdls will be randomly sdected from each sampling
universe. Fidd workers will be provided with a photo map of the sdected cdls and ther
GPS coordinates. Data will be collected within one 0.25-n7 plot a the center of each
sdlected cdl. The GPS coordinates of the center of each plot will be noted. Sampling will
occur annudly near the time of flowering by NIS Spartina.
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Table 1. Three Alternative Approachesto Measurethe Vertical Range of NIS Spartina at Treatment Sites
Approach One Method Comments

Horizontal Position
Relative to the
Backshore of the
Intertidal Zone.

Thisisthe simplest
or most basic
approach that

requires minimal
field data and
minimal surveying
expertise.

1. Backshore and foreshore ae defined as
uppermost and lowermost boundary of intertida
vegetation. Useful proxies for the backshore
include the center lines of levees upper margin of
rip-rgp, or any other fixed, permanent, linear
features that pardld the shordine and are clearly
vighle in orthogona aerid photography of scde
1:6,000. The same proxies are used over time a
any given trestment Ste,

2. GPS is used to establish ground controls for
scding and geo-rectifying the aerid  photography,
or the scde is controlled usng ground measures of
distance between visble landmarks.

3. The maximum and minimum postions of NIS
Sartina relative to the backshore are measured at
shordine intervals of 100 feet on the scded aerid
photographs within the treated universe and the
untrested universe, and noted on the scaled aerid
photographs of the treatment Site.

5. The digances from the backshore to the
minimum  and maximum pogtions of the NIS
Soartina are measured in meters, and reported as
theintertidd range of NIS Spartina for the Ste.

This approach is based on the fact that the intertidal zone slopes
downward from the backshore (maximum elevation of
estuarine vegetation) to the foreshore (minimum elevation of
vegetation). Based on this smple fact, the distance from either
shoreline to a patch of NIS Spartina can be used as a proxy
measure of the tidal elevation of the patch. The center lines of
levees and riprap are better than their bayward margins because
the centerlines are visible at any tide stage and are more easily
identified in aerid photos.

This approach yields reasonably accurate and reproducible
results without involving more costly and logiticaly difficult
fieldwork.

This gpproach requires no surveys of actua eevation but
yields reasonable proxy measures of changes in vertica
range and podtion of NIS Spartina within the intertidd
zone,

This approach requires geo-rectified aerid photography.
But such photography is aso required as a base map for
measuring the gpatid extent of locd invasons &
treatments.

This gpproach yields a photo record of the maximum and
minimum didribution of NIS Spartina within the intertidd
zone of the treatment Site.
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Table 1 (continued): Three Alternative Approaches to Measure the Vertical Range of NIS Spartina a Treatment Sites

Approach Two

Method

Comments

Vertical Range and
Position within the
Intertidal Zone as
Referenced to a
Standard Geodetic
Datum (NAVD 88)
Using GPS.

Thisisamoderately
complex approach
requiring amoderate
amount of field data
and surveying
expertise, especialy
for GPS.

1. The Nationd Verticd Datum of 1988 (NAVD
88) is the standard reference plane for determining
land surface devations. Locd eevations relative to
NAVD can be determined to within a few tenths of
afoot usng survey-grade GPS.

2. Survey-grade GPS is used to determine the
elevations of the three lowermost and uppermost
margins of NIS within the trested universe and the
untreated universe.

3. The survey results from step 2 above are used
to report the vertical range and position of NIS
Spatrtina in meters relative to NAVD 88, at the
treatment site.

GPS provides rapid estimates of devation relaive to a
dandard verticd datum that can be used to compare
changes in verticd range within and between treatment
Stes.

GPS edimates of eevation are rather coarse reative to
the sengdtivites of intetidd plants to vaiaions in
topography. GPS may not be accurate enough to yield
information about eevation thresholds of NIS Spartina
or rates of its verticd extenson over short periods of
time.

This approach requires fiddwork that because of its
logigicd difficulty in many dtes canot be used dong
transects to collect as much data as Approach One.

If the geodetic devations of locd tidad benchmarks
relaive to NAVD 88 have been determined, then the tida
elevations of the NIS Spartina can be inferred from the
GPS devation vadues. Thee tidd devaions will have
the eror of both GPS and of the tidd datum of the
benchmarks, however, and might therefore be very
coase reaive to the sengtivities of intertidd plants to
changesin actud tida devation.

This approach does not require agrid photography, but
therefore does not provide a photo record of dte
conditions.
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Table 1 (continued): Three Alternative Approaches to Measure the Vertical Range of NIS Spartina a Treatment Sites

Approach Three

Method

Comments

Vertical Range and
Position within the
Intertidal Zone as
Referenced to alLocal
Tidal Datum
(MHHW) using site-
specific tidal stage
data.

Thisisathe most
complex approach
requiring the most
field dataand
surveying expertise.

1.The Mean Higher High Water datum (MHHW)
can be estimated for a trestment Ste based on Ste
specific or dterdlevant records of high tides. If
accurate tida benchmarks are not available, then
they must be edadlished, following deps 2-4
bedow. The resllts will be tidd devaions of
Soartina referenced to the loca, or Ste-specific
MHHW datum.

2. Establish one or more staff gauges at the
treatment site.

3. For each g&ff gauge, record the maximum height
of five or more spring series high tides. Record the
maximum tidd devations of the same high tides a
a nearby control staff gauge that is referenced to an
accurate tidal benchmark.

4. Regress the slage heights from the dte on the
dage eevations from the control dation to estimate
tidal devation of the Saff gauges a the Ste.

5.Conduct a survey of land surface eevations in
meters reldive to the locd tidd datum of the three
lowermost and uppermost margins of NIS Spartina
within the trested universe and the untrested
universe.

Careful reference to atidal datum can yield information about
possible correlation between field conditions of NIS Spartina
and presumably important hydrological characteristics of its
habitat, including the depth, duration, frequency, and timing of
estuarine inundation.

Although monitoring of these characteristics is not critical for
measuring a change in vertical range of NIS Spartina or for
measuring the efficacy of treatment, it might be critical for
understanding the nature of the invasion and for explaining
variations in treatment efficacy.

This gpproach requires fiddwork that because of its
logidicd difficulty in many dtes cannot be used aong
transects to collect as much data as Approach One.

Loca determination of tidal datums requires on-site collection
of tidal stage data, and the accuracy of the datum is a function
of the length of the data record. Short records of afew days
may be adequate to estimate a high tide datum at any given
gauging station within a site, but a number of stations might be
required at large sites to adequately describe the spatia
variability of the datum.

147
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Figure 1 Captions (see page 9)

Figure 1 (next page) illugtrates the basic random sampling scheme recommended
for sdlecting sampling plots.

Figure 1A indicates that sampling Sites can be located anywherein the San
Francisco Estuary.

Figure 1B shows that the boundaries of a sampling Ste may not coincide with the
boundaries of the aeria photography used as a base map for sampling. The yellow
rectangle represents the treated universe.

Figure 1C depictsthe actua spatid didributions of native Spartina, NIS Spartina,
and hybrids within the treated universe. These digtributions would change over
time, due to on-gite treatment and natura processes. One purpose of the sampleis
to describe these changes based on the spatia distribution indicators.

Figure 1D shows arandom array of cells seected from a uniform sampling grid
for the treated universe. One sample plot would be located in each selected cell.
Subsequent samples from this Ste would require a new random cell array. The
GPS coordinates of each selected cell should be saved as a set of cell addresses
for each sampling period, such that cdlls can be revisited if necessary. For
example, cels might be randomly revisited to test for re-generation or re-
colonization of NIS Spartina.
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Figure 1. Sampling Scheme for Spartina Monitoring

San Francisco Estuary & control site
e Bl A i
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Percent Cover

Edtimates of percent cover will fdl
into 5% classes (i.e., 0-5%, 6-10%, 11-15%,
and so forth), based on visud ingpection
from directly above each plot. The verticd
dratification or layering of plant species
within the plot will be ignored. Fidd
personne should routindy use test plotsto
standardize their taxonomic trestments and
to cdibrate their visud estimates of percent
cover.

Amount of Tidal Flat

The amount of tidd fla will be
measured as square meters of unvegetated
subgrate that is visble on geo-rectified,
mosaic-ed, CIR or Black and White aerid
photography, scde 1:6,000, taken at dack
low water during a minus tide a the pegk of
the Spartina growing season for each
trestment dte. The tidd devaion of the S TR
dack low water will be estimated based on Figure 2. A 0.25—n¥ sample frame
the timing of the photos rddive to the tidd made of 1/2-in schedule-A PV C pipe
record, as provided by NOAA for its nearest
Primary Tide Station. Photos should be
taken annudly. Over time, a series of photos will exig for each dte that depict the
lowermost edge of exposed tidd flat during different water levels of known eevation.
For each dte, a compilation of these photos can be used to estimate the pogtion of the
Mean Lower Low Water (MLLW) or Mean Low Water (MLW) tidal datum contour. All
tidd fla measurements should eventudly be dandardized usng the low tidd datum
contour as the lowermost margin of tiddl flat.

Indicators of Vigor

There may be sub-letha trestment effects that are indicated by reductions in the
dature or vigor of the trested NIS Spartina. Stem dengty and average maximum stem
length are the two most basc field indicators of plant stature and vigor. It is expected that
the vegetative reproduction capability of the target species and the difficulty of its
treatment are pogtively related to these indicators. Stem densty dso affects the ability of
Spartina to atenuate waves, and to filter and entrap suspended sediment (Gray et 4.
1997, Josdyn et d. 1993). Average maximum stem height might dso relate to the ability
of Spartina to survive the more frequent and prolonged tidd inundation regimes of the
lower intertidal zone.
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Figure 3. Measuring stem height Figure 4. Counting cut semsasa
from ground to base of flowers. messure of stem dengty.

Maximum Stem Height

Within each of the 0.25-n? sample plots of the sdlected grid cdls of the treated
universe and the untrested universe (see discusson of Reaive Abundance indicator on
page 4 and sampling scheme illudtration on page 8 above), the tota length or height of
the tallest or longest stlems of NIS Spartina or hybrids are measured to the nearest cm.
Ten of the longest stems in each plot should be sdected based on visud inspection of the
sampling plot. Since s¢em height is rdlated to sem girth, the girth of sems a a height of
about 10 cm above the ground can be used to help sdect the tadlest sems. Measurements
of gem height or length should be made from the ground surface to the stem tip or base
of the infloresence, not including the flowers. If necessary, stems can be draightened by
hand to facilitate accurate measurements. Fied personnel should routindy use test plots
to cdibrate ther visud sdection of long sems. Stem height should be measured
annudly, near thetime of Spartina flowering.

Stem Density

Within each of the 0.25-n? sample plots of the sdected grid cdls of the treated
universe and the untrested universe (see discusson of Reative Abundance indicator on
page 4 and sampling scheme illugtration on page 8 above), the totd number of stems of
Spartina should be counted. To facilitate the count, al the stems within the study plot
should be cut squarely a a height of about 10 cm above the ground surface. The cut
gems should be left within the trestment Ste. Stem dengity should be measured annualy,
near the time of Spartina flowering.
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Genetic Indicators

Accurate classficaion of the monitoring
data among the NIS Spartina, hybrids, and native
pecies is essentid to monitor the invason and
the efficacy of treaetment. Since hybridization
produces phenotypic intergrades, genetic testing
is required to certify the taxonomic identification.

Genotype

Tissue samples will be taken for each
taxonomicdly uncertain patch of Spartina thet is
measured for any indicaior. The sample unit will
consist of 10 to 20 cn? of hedthy ledf tissue A
permanent marker will be used to directly labd
each sample unit with the sample unit code. For
example, it must be clear which transect pogtion
or sample plot and date is represented by each '

tissue sample. Each sample unit should be placed  Figure 5. Taking atissue sample.

in a separate plagtic bag, sealed, and sent to a

reputable laboratory for genetic andyss. Usng Randomly Amplified Polymorphic DNA
(RAPDs), five primers with previoudy determined species-specific bands for S
alterniflora are used to confirm samples as natlive S. foliosa (zero bands), hybrid (any
intermediate number of bands) or non-native S alterniflora (5 pogtive bands) (Ayres et
al., 1999). Samples should not be subjected to high heat, prolonged direct sun light, or
freezing. Samples can be refrigerated for afew days before laboratory testing.

Sample Size

The sample Sze required to detect a given bve of treatment effect with a desred
level of confidence can be estimated based on the dtatistical variance of the indicator. But
a this initid gage of the NIS Spartina monitoring effort, the data for indicators are not
adequate to describe their statigticd variability. Therefore, a sarting sample Sze has been
sdlected based on assumptions about the datistica characteristics of the indicators and
the levels of treatment effects that need to be detected. As the database for the indicators
grows, sample szes can be computed for threshold vaues of trestment effects that trigger
management decisons with desred levels of confidence. The revised sample sze might
differ among the indicators.

For initid sampling efforts, the choice of sample sze is as much a function of
budgetary consderations as it is datisticd consderations. For the purposes of standard
parametric datistica analyses, samples of at least 30 units are preferred over smaler
samples szes But the optimd sample size will vary between indicators based upon their
datistical variances and sampling cogts.
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The initid sample dzes that have been recommended in these guiddines are
based on a number of assumptions.

?? The sampling plan is designed to determine what is happening, not why.
The monitoring data will describe spatid and tempord  patterns  of
digribution of Spartina relative to trestments, rather than the causes of the
patterns that are observed. Spatid or tempora corrdation between
changes in Spartina didribution and trestment will be used to infer
treatment effects. Forma proof of treatment effects requires experimentd
manipulation of treatments to tet for cause and effect reaionships
between treatments and the target species. Such experimentation is not
being planned as part of monitoring at thistime.

?? Only the most fundamenta indicators that are expected to relate directly to
the response of Spartina to trestment will be used a every trestment Ste.
However, the efficacy of trestment may be ggnificantly influenced by
tidd hydrology, as indicated by the verticd range of Spartina in the
intertidd zone. Verticd range will therefore be measured for at least some
trestment Sites to infer how it relates to the efficacy of treatment.

?? Sample sze will be adjusted for each indicator after its Satistica variance
has been cdculated. This means that the fird sample must be used to
edimate the sample sze for subsequent samples. In this context, the firgt
sampleisapilot study.

?? Trestment will be hdted when and where it is successful. Treatment
success will be defined by naturd resource managers using the monitoring
results The managers will need to fed confident that the monitoring data
provide an adequate basis for their decisons. But the information content
of the data will increase as the monitoring progresses. This means that the
definition of success may evolve,

?? The monitoring results will be andyzed udng dSandard parametric
detidical tets. Most of the tets will be uni-variate. Multi-variate
exploration for corrdation will be minimized.

?? Treatment samples and control samples should be equd size for any
indicator, but sample sizes can differ between indicators.

?? FHedd personnd will be ale to minimize sample error and bias by applying
expert techniques and abundant field experience. If necessary, experts can
tran other fiddld personnd to conduct the sampling, but oversght by
traned professonds with abundant experience in sampling intertida
vegetation will be criticaly important.

?? The initid sampling effort will have adequate funding to follow the
standard recommendation of at least 30 sample units.
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List of Data Fields

The data sheets or the GPS data dictionary should be structured to record the
following categories of data, based on the recommended indicators. Data from these
categories will be entered into a database for the calculation of summary datistics and for

andyses. Some of the datawill result from post-sampling laboratory tests and aerid
photo interpretation through a GIS.

Universal Categories

Treatment Ste
Date

Fdd Personnd
Treatment Method

Indicators of Spatial Distribution

Vertica Range (there are three dternative approaches — see text)
Approach No. One
Maximum Distance to Backshore (m)
Minimum Digtance to Backshore (m)
Approach No. Two
Minimum Elevation Rdative to NAVD 88 (m)
Maximum Elevation Relative to NAVD 88 (m)
Approach No. Three
Minimum Elevation Relaive to Locad MHHW (m)
Maximum Elevation Relative to Locd MHHW (m)

Relative Abundance
Grid Cdl Code
Sample Plot Code
Percent Cover by Speciesin 5% intervas

Amount of Tidal Flat
Number of n? for the Site Overal

Indicators of Vigor
Maximum Stem Height or Stem Length
10 measurements (cm) per plot
Stem Density
Totad Number of Stems per Plot

Genetic Indicator or Species

Genotype

Genotype Code (for uncertain NIS Spartind) or species code for Each
Measured Patch of Spartina (at each plot and place of distance or
elevation measurement)
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Analytical Procedures

The datawill be summarized as the mean and standard deviation of each indicator
for the treetment samples and the control samples for each treatment Site and sampling
date. The analysiswill include comparisons between treated and untrested populations
(uni-variate parametric tests of two means); comparisons between sites and between
trestment types (uni-variate parametric tests of multiple means — this requires knowing
what trestment types are used on which sample plots); treatment effects as a function of
eevation or pogtion dong the intertidal gradient (Smple regression); correlation among
more than two species and indicators (co-variance andysis and PC andyss).

Example Presentation of Results

Figures6A — 6D present hypothetical monitoring results to show how they might
be used to assess the efficacy of trestment at one Ste. No single indicator provides dl the
information necessary for the assessment. The challengeisto use avariety of basic
indicators, each of which provides part of the information that is most needed. Training
and experience are required to interpret the findings. In this set of hypotheticad examples,
annua data for amount of tidal flat, percent of plotswith NIS Spartina, relaive
abundance of Spartina, and its stem density are presented for afive-year period.

Taken together, these data suggest that the amount of NIS Spartina increased at
the treatment Site during years 1- 3 by colonizing the tidd marsh and tiddl flats. During
years two and three, Soartina conditions on the Ste were indicative of alarge NIS
Spartina infestation. Ongoing, selective treatment of NIS Spartina correlatesto an
increase in the abundance of hybrids that gpparently have a smilar vertical range and
gem dengty asthe native Spartina. After five years, the overal aoundance of Spartina,
its vertica range and its growth habit resemble the pre-trestment conditions. In terms of
these indicators, the trestment might be judged successful at this Ste.

Figure 6A shows that the

anount of tidd fla a the I iryasive conlil
trestment site decreased for the | % | R o e

firg three years of the five-year | =

record. Theregfter, the amount of | = h\L—H rf,,k————‘
tidd fla incressed to its pre | = »

trestment levd. In the control | < 1 =
universe, the amount of tidd fla T # Iraalviznl

continued to decrease. 1 & ankel 1

1 2 3 4
L H

151

Figure 6A. Changesin amount of tidd flat
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Figure 6B shows that
the abundance of NIS Spartina
increased a the treatment dte
between the second and third
years, and then decreased. The
abundance of ndive Spartina
also decreased. But abundance
of the hybridsincreased.

Figure 6B. Reative abundance of Spartina Spp.

Figure 6C shows that, at
the trestment dte, the overdl
abundance of Sartina
increased from years 1-3 and
then decreased to pre-trestment
levels. In the control universe,
the ovedl d&wundance of
Spartina continued to increase.
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Figure 6D shows that, at
the trestment dSte, dem densty
of Spartina pesked during year
three, and then decreased to
pre-treetment levels. But in the

control universe, sem dengdty
of Soartina continued to
increase.
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Evaluation of Monitoring Guidelines

These guiddines have been developed based on recent field exercises. It is
expected, however, that the guiddines will need to be revised asthey are implemented to
reflect new scientific understanding and changes in the kinds of information that are
needed. Thefirst year or two of efforts to monitor trestment Sites should therefore be
used as a"testing period” for the basic monitoring approach, including an assessment of
the time and resource requirements for continued implementation of the monitoring plan.
The Technicd Advisory Committee of the San Francisco Estuary Invasive Spartina
Project (ISP) or acomparable review group will need to evauate the guideines during
thistest period.

Reporting of Monitoring Results

The ISP will present and summarize the monitoring data, andyses, results and
provide recommendations regarding further trestment of NIS Spartina in an Annud
Monitoring Report. The annud report will be made available to dl interested parties and
on the Internet.
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Part B: Regional Distribution and Abundance

Introduction
These guiddines describes a method for mepping the regiond didribution and
abundance of NIS Spartina in the Sn Francisco Estuary; S alterniflora, S foliosa x S
alterniflora hybrids, S densiflora, S patens and S. anglica The guiddines are based on
fidd work conducted in 2000 and 2001. The ability to monitor regiona changes in
Spartina populaions will play a criticd role in efforts to manage the invasons.

Summary of 2000-2001 M apping

Previous efforts to map Spartina invasons were reviewed in the context of the
particular conditions of the San Francisco Estuary, the needs of wetlands managers in this
region, and the budget for mapping. It was decided that the regiona distribution of NIS
Spartina in the Estuary should be mapped through fiddwork with GPS and existing
imaging, and, for three sdected locd dgtes, the use of GPS with high-resolution aerid
photography should be tested.

The use of remote sensng tools to
identify patches of vegetation based on pixe
color has been atempted by others. These
research efforts have thus far illugraied the
expected difficulty in distinguishing hybrids
from naive Spartina foliosa or the NIS
Soartina  species. Research is planned to L\L]
continue to test the ability to remotedy sense
these species and their hybrids.

In this study, fiddwork made use of =)

GPS units, topogrgphic maps, and aerid

photography. Tissue samples were collected %
for the purpose of obtaning pogtive

identification via DNA andyss. All daa

collected were digitized, geo-rectified,

organized in a database and imported into

ArcView  GIS <oftware  for  digplay,

meanipulation and summary caculatiors.

, , ] Figure 1. Aerid Photo Coverage 2001
High-resolution Aerial Photography

Three areas in the Eduary were sdected for high-resolution (1:6000) color infrared
(CIR) orthogond aerid photography (Figure 1). This part of the project was intended to
determine the feadbility of using aerid photography in mapping Spartina. The Stes were
flown in September 2000. Percent cover for various marshes were determined based on
these photos and then confirmed through ground-truthing. Generdly, this choice of scae
and time of year for photo flights gppear to be optima for mapping and monitoring NIS
Spartina. Evauation of the photography is ongoing.
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Methods for Known Areas of Invasion

M apping from High-resolution Aerial Photogr aphy

The benefits of usng aerid photographic images include detailed, accurate
mapping; a permanent visud record; and a reduction in field labor. Aerid photographs
(scde 1:6000 or larger) should be taken of as much of the region to be mapped as
possble. For the purpose of regiona mapping, the best season for photography is late
summer/early fdl, when the photographic sgnature of vigorous Spartina dterniflora may
be diginguishable from Spartina foliosa thet is entering senescence. The seasond timing
of the aerid photography should be kept consstent from year to year. Photos should be
taken at low tide to capture Spartina clones growing in the lower tidal zone.

The aerid photos should be scanned (1200 dpi) and geo-referenced. Probable
patches of Spartina spp. that are apparent in the photos should be field-checked (and
DNA samples taken) to verify thar taxonomic identity. When the fieldwork establishes
aufficient confidence in the interpretation of the photos, Spartina patches are mapped
directly from the scanned photos by tracing onscreen (a technique known as “heads up”
digitizing), usang ArcView or a comparable spatiad andyss program. Photos ae dso
used in conjunction with field work to more accurately estimate the percent cover of NIS
Spartina within adefined area.

GPS Fiddwork and Representing Spartina in the M apping Database

Feld biologists should use hand-hdd GPS units with data collection capability to
map Spartina populations. The Trimble GeoExplorer 3 was chosen for the 2000-2001
field season due to its portability, red-time navigation cgpabilities, and acceptable degree
of accuracy for the project’ s purposes (1-5 m precison after differentid correction).

Spartina is represented in the mapping database as one of three features. a point,
ling, or polygon (area). These three features form the basis of the mapping sysem of the
GPS units and spatid andyss = -
oftware. A primay god of et o REERTEEE
mapping is to record the net ii = ‘:‘?}_ s 2SR

acreege of invasve Spartina. T —
Therefore, points ae given '
diangers and lines ae given
widths to represent the area
covered by Spartina. Andllay
data are entered into the GPS
unit as the podtion of each
feature is being recorded. A data
dictionary, providing the full
dructure of a mapping database

and notes on mapping protocoal, , ) . .
is found in Appendix 1. Figure 2. Mapping Spartina as a point feature
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Points

A point feature is typicaly used to represent sngle Spartina clones, smal groups of
clones, and larger continuous patches where lack of access prevents waking the
perimeter of the patch and representing it as a polygon. When represented by a point, the
location of the Spartina should be recorded by collecting a GPS postion while holding
the unit over or immediately adjacent to the Spartina (see Figure 2 above). The average
diameter of the paich is then entered into the GPS unit, to later be used to caculate area
of the patch. Whenever possble, GPS data points should be gathered as close to the
center of a clone as possble. If a clone or cluster of clones is not accessible, it is possble
to offset the point to the approximate location of the Spartina (see “Offsets” below, for
more information). “Solitary” clones (roughly defined as an dbsence of other clones
within 50-100 m) are not usualy mapped.

Lines

When a patch of Spartina is linear in shape, with a condstent width over a length of
roughly 10 m or more, such as might be the case dong a uniform dsretch of shordine,
dough or flood control channd, a line is typicaly used to represent the paich. In this
case, the GPS unit is moved dong the length of the patch while continuoudy (every 5
seconds) collecting pogtions, thus defining the line. The average width of the paich is
then entered into the GPS unit, to later be used to cdculate area of the linear patch. The
line feature may dso be used to ddineate a partia perimeter of a polygon, where dl sdes
are not accessble Using handwritten notes, the surveyor can indicate how this line
feature should be hand-digitized on-screen to compl ete the polygon shape.

Areas

If alarge area (typicaly 30 m or more in diameter) of continuous Spartina or areas
containing numerous clones are encountered, and if they have fully accessble perimeters,
they are typicdly mapped usng a polygon, rather than a point or a line. In critica aress,
polygons can aso be used to outline the shape of a particular clone to track gread over
time, and to caculate a more exact area of coverage. To establish the polygon, the GPS
unit is carried dong the perimeter of the patch to continuoudy collect data on postion.

Percent Cover

The percent cover of Spartina can vary between areas mapped as lines or polygons.
Percent cover should therefore be visualy estimated for each polygon and line. Point
features, however, are only intended to represent areas of 100% cover of Spartina.
Edtimates of percent cover will fdl into one of seven classes. 0, 0-1 (seedlings), 1-10, 10-
30, 30-60, 60-90, and 90-100 (see % cover feature of data dictionary in Appendix 1).
Feld personnd should routindly use lines and polygons to cdibrate ther visud estimates
of percent cover.

Offsets

When lack d access prevents the GPS unit from being brought to a Spartina patch to
record its location, yet the patch is clealy visble such that its dimensons can be
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confidently estimated and the probable species identified, the Spartina should be
represented by offsetting a map festure. A GPS postion combined with an offset can
record the location of a festure that remained a distance from the GPS unit. The offsat is
comprised of a bearing (measured using a compass and a visud edimate of distance).
Offsets are dso be used as a surveying ad for accessble Spartina, such as to pogtion a
line festure dong the centerline of a liner Spartina paich when the GPS unit is more
eadly carried dong one side of the patch than the other.

Reaches and Endpoints

The dhordines of the Estuary can be subdivided into geo-referenced reaches. A reach
typicaly condsts of 200 m to 2000 m of shordine having farly condgent physica
characteritics. End points that demarcate the ends of reaches typicdly coincide with
prominent physical features, such as jetties, creek mouths, corners of buildings, streets, or
changes in dominant perennial vegetation. The location of “endpoints’ is recorded by the
GPS units, and serves to define and locate the reaches. Reaches and their endpoints are
typicaly named after locd features (eg. “Crown Beach” or “End of Miller Avenue’).
Each reach is uniquely coded. Endpoints that are shared by two reaches (i.e, endpoints
that mark the end of one each and the start of another) are labeed with the codes of the
two associated reaches. Careful descriptive naming of reaches and endpoints provides a
means for confirming locations if they ae revisted in the future, such as during
subsequent mapping efforts.

Discrete areas such as idands or large marshes can aso be defined as reaches. If the
area is clearly apparent on a topographic map or aeria photo, the feature can be located
and digitized in the computer lab and endpoints are not necessaxry. If the area is not
clearly apparent on a map or photo, its location should be recorded with an endpoint or
line on the perimeter or within the area, and paper topographic maps should be hand-
marked to indicate the area. Some endpoints, such as those associated with idand reaches
and those adjacent to lands not yet assgned to a reach, will have only one associated
reach number; in these cases, the second number is st to zero (see data dictionary in

Appendix 1).

Reaches and their endpoints provide an organizationd framework for Spartina
features in the database, a series of geo-referenced landmarks, and they adso serve to
record inaccessble, un-surveyed segments of shoreline and segments that are surveyed
but found to contain no invasive Spartina.

Reach Markers

The reach marker feature is a GPS tool tsed to assgn information to a reach. In some
cases, the surveyor may record a large area of Spartina as a reach, rather than a point, line
or polygon. In such cases, a reach marker is used to record the percent cover for the
reech. This technique is used when Spartina clones are too numerous within an area to
GPS individudly in an efficient manner, when a discrete area such as an idand is not
accessible but can be given an estimated percent cover based on binocular survey, and/or
when a mapping area is 0o large to be efficiently surveyed on the ground. Aerid photos
may be used in conjunction with fidd work to estimate percent cover and define the
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shape of the reach. Reach markers are dso used to indicate surveyed reaches that have no
invedve Spartina, by assgning these reaches a percent cover of “0%,” and to indicate
inaccessible reaches that were not surveyed. If individud Spartina features are recorded
within areach, reach markers are not used.

Data Sheets

In addition to data entry into the GPS units, paper data forms (Appendix 2) are used
to record reach names, numbers, endpoints, and any other fied information that did not
have a place in the GPS units database. The mapping database ( see Appendix 1) should
be designed to minimize the need for handwritten notes.

Field-marked Topographic Maps

Standard, 1:24,000 scale paper topographic maps produced by the US Geologica
Survey can be hand-marked in the field to record endpoint locations and reach numbers,
record unusua reaches or Spartina features, or to make other notations relevant to the
mapping effort. Information that is redundant with that entered in the GPS units serves as
asource of confirmation, error-checking, and darification if needed.

Tissue Sampling
Many clones of hybrid Spartina display traits which alow for reasonable fidd
identification. Field methods for determining plant species or  hybrids  include

Figure 3. Comparison of stem color of field-identified
S alterniflora (1eft) and S foliosa (riaht).

morphologicd observations, especidly differences between adjacent patches. For
example, S alterniflora typicaly appears tdler and more robust than S foliosa, and the
lowermost portion of the sems of S. alterniflora typicaly have a red coloration, while the
dems of S foliosa agppear green or white. Any red coloraion is indicative of S
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alterniflora or hybrid. (see Figure 3.) Hybrid cuims may or may not appear red, however.
For those hybrid clones that are morphologically smilar to Spartina foliosa, only DNA
andyds can provide postive species identification. Tissue sampling is not required for S
densiflora, S. patens or S anglica, since they
do not hybridize.

A tissue sample condsts of a 5 to 15
cm sction of leaf, numbered directly with a
permanent fdt pen and placed in a labded
plastic Ziploc bag (see Figure 4). Plant tissue
samples are then refrigerated until delivered or
mailed overnight to a reputable laboratory for
gendlic teding. Usng Randomly Amplified
Polymorphic DNA (RAPDs) five primers with
previoudy determined species-specific bands
for S alterniflora are used to confirm samples
as naive S. foliosa (zero bands), hybrid (any
intermediate number of bands) or non-native
S alterniflora (5 pogtive bands) (Ayres et al.,
1999).

Figure 4. Taking atissue sample.

A budget of three to five plant sample
units of suspected S alterniflora or hybrids
per reach is suggested to confirm field identification a the reech scde. The sample units
should be taken from different areas of each reach. During the mapping effort, fied
biologists may sample tissues for a vaiety of reasons, including to verify that a
previoudy un-inveded dte has become invaded or has remained “pure” to routindy
confirm fied identifications, to identify ambiguous plants, or to edablish various
invason “conditions” Depending on the Ste-specific purpose, sampling may be random
or targeted and the sample sze will vary. The identification of al mapped plants, dong
with associated data such as tissue sample numbers, is recorded in the mapping database.

L ogistics
Field Transportation

During land-based mapping surveyors typicaly access the marshes by car or
bicycle usng levees and trails, or are on foot. Kayaks are used for mapping from the
water. In generd, bicycdes are most efficient where long dretches of shordine are
accessible, and kayaks are used only when shordline access from the land is a problem.

Maps provided by the Cdifornia State Automobile Association and the San Francisco
Bay Trall Associaion can ad navigation and planning.

When possible, two surveyors should work in tandem, and “legpfrog” each other
as they map features dong the shoreline. Teams of at least two field workers aso provide
a measure of safety. The use of reach names and other coding must be carefully
coordinated among field workers.
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Access

The shordines of the EStuay comprise a wide vaiety of devdoped and
undeveloped, private and publicly held lands with many types of uses. Access is a
frequent issue. Surveyors should contact landowners to gain access to private and
military lands. Alternatively, mapping by kayak to access shordine Spartina through the
public waterways, and using “offsats’ (see above) to define Spartina patches is often a
practicd solution to many access problems. If no access is possble, the area is designated
as an inaccessible, un-surveyed reach.

Equipment
A lig of materidstypicdly used in thefidd is provided in Appendix 3.

Time of Year

Optima fidd conditions for mapping tend to occur in summer and early fdl, when
Spatina growth is pesking, such tha fied identification is essedt. There is a lag time
between flowering of S alterniflora and S foliosa. Therefore, degree of flowering can
ad fidd identification, if used in conjunction with other diginguishing characteridtics.
The timing of flowering is more varigble for hybrids than for any of the pure species.

Scoping a Proj ect

Any mapping project faces tradeoffs between completeness, accuracy, and budget
and time congraints. The following factors should be consdered when defining the scope
of amapping effort.

??1In gened, dl solitay Spartina clones less than 1 meter in diameter are not
mapped. (“Solitary” is roughly defined as an absence of other clones within 50-
100 m). However, new invasons may be mapped in great detail, even if clones
aregmal.

??In generd, dimensons (eg. the diameter of clones, width of linear paiches,
diameter of points, offset digances, etc.) are estimated visudly, without the use
of tape measures or other measuring devices.

??1f the surveyor is confident, based on a fidd assessment, that a plant or group of
plantsisthe native S. foliosa, the plant is not mapped.

7?If severd dones ae found in cose proximity (roughly, within 20 m of each
other), they are typicaly mapped as a sngle point feature. The diameter of this
point is chosen such that the area produced is equivdent to the totd area covered
by the group of plants being mapped. In other words, the researcher should
esimate the diameter of the circle that would contain the plants were they all
arraigned in a contiguous, circular patch.

??1f a clone or group is accessible, yet getting to the actua location of the plants
would be time consuming, and a good edimate of the distance to the plants is
possble, the location of the Spartina can be recorded usng an offsst GPS
pogtion. An example of such a gStuaion would be mapping dong a 30 m wide
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channd with infrequent access to the opposite bank; plants on the opposite bank
could be efficiently recorded using offsats.

?? The time required to build relationships with landowners, prepare access permits,
schedule tours of private lands, edit GPS data, etc., should be considered in
addition to the time of actud fidd work. The current regiond map of NIS
Spartina that includes South Bay, Centrd Bay, and North Bay required over
seven months of dedicated time, while working within the condraints imposed
by senstive wildlife, tides, weather, and accesshility problems. The seven
month effort involved 75 days of actud fidd work, with 1 or 2 fidd surveyors.
Rain prevented levee access for 710 days, and storms can delay a kayak trip for
over two weeks. Before the ariva of the GPS units, initid reconnaissance was
conducted in areas where invasve Spartina was NOT expected to be found.
Once the GPS units were available, mapping efforts became more concentrated.
Tides often dictate mapping schedules, with low tide hours being more
appropriate for ground-based mapping, and high tide mornings well-suited for
surveys using kayaks.

Methods for Areasof Uncertain Invasion

Mapping efforts during 2000-01 concentrated on the South Bay and Centra Bay
as the man subregions of the NIS Spartina invason. Cursory reconnaissance was
conducted in the North Bay and Suisun. During 2001-02, the intensve mapping effort
will be extended into North Bay, Carquinez Strait, parts of Suisun Bay, and their adjacent
rivers and tidd marsh sysems. These subregions together contain much larger amounts
of tidd marsh than dther the Centrd Bay and South Bay, but historicdly they contain
vay little NIS Spartina. In order to efficiently map these subregions with avalable
resources, the mapping effort will focus on a subsst of tidd marshes that ae
recommended by the Technicd Advisory Committee of the ISP and additiond loca
biologists as likely places for NIS Spartina introduction, based on tide and current
patterns, sdinity regime, and proximity to known NIS Spatina populations. It is likdy
that new restoration Stes will be targeted for surveys of possible NIS Spartina as the Sites
become colonized by intertidal vegetation. The intent of the extended mapping effort in
these subregions is to ddimit the boundaries of locd, pioneering patches or populations
of NIS Spartina. The sdected subset of tidd marshes will be evauated according to the
following procedure.

?? For Spartina alterniflora or its hybrids, tissue samples for genetic andysis will be
collected a regular intervals of 25 to 50 m aong five random transects in the
lower intertidd zone norma to the foreshore a each candidate marsh and
extending between the foreshore and backshore. In addition, any observed
patches of Spartina that appear to be NIS Spartina will dso sampled. Transect
endpoints and the center points of other patches of Spartina that are sampled will
be recorded using GPS. If dl gendtic tests for a marsh indicate native Spartina
foliosa, then no further survey or mapping will be done in that candidate marsh.
If tests indicate the presence of NIS Spartina, then the usua process of mapping
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as described above for areas of known invasion will be initiated for that marsh
and extended into adjacent marshes, until subsequent genetic tests from the
extended mapping reved the limits of the locd invason.

??For NIS Spartina other than S. alterniflora or its hybrids, it is expected that local
paiches or populations will be smal and easly recognized a this early Stage of
their invasons. Peatches of these NIS Spartina will be mapped as points or
polygons using GPS as described in the methods above.

?7? A network of fidd biologists will be formed to report any loca patches of NIS
Spartina induding patches that should be genetically tested. Each member of the
network will be provided with a base map on which the paiches of known or
suspected NIS Spartina will be noted. The ISP will follow up these reports with
field checks and tissue samples as required.

Data Management and Use of GIS

The data collected through the GPS units should be downloaded to a desktop
compuiter, differentialy corrected, and backed up. Handwritten data should be typed into
the database and/or used for verification of GPS data, as appropriate. Each day of fied
work should be kept in a separate file in the database. When DNA test results are
received, species identifications are entered or corrected as required. All data must be
scrutinized for  errors  of  transcription,  transposition, fase zero counts, obvioudy
eroneous values, missng vaues incorrect formetting, incorrect units of measurement,
godling mistekes, etc. Different versons of the data st must be coded for date of
revison and its authorship.

When any portion of the data set is consdered fina, it can be imported into
ArcView or a comparable program for spatid andyss. The spaid anadyss software is
used to assgn widths to lines and diameters to points, such that they can be converted
into polygons. Also a this time, any aeas ddineated by hand on paper maps or
photographs are digitized and included in the database. Loca maps can be used to help
define the boundaries of patches or reaches that are sketched in the fied. The digitd
verdons of the topographic maps produced by the US Geologicd Survey (known as
USGS DRGs or Digitd Ragter Graphics), and the digital baylands maps contained in the
EcoAtlas Information System are especidly helpful in this regard.

When the entire project data set tas been subject to al the qudity control checks
and formatted for spatid analyss, then maps can be produced to display the didribution
and abundance of Spartina. Basic spreadsheet software can be used to caculate acreage,
patch dze-frequency and other summaries of fidd conditions. The complete data set and
its summaries should be made available to dl interedts, private or public.
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Appendix 1

Data Dictionary for Regional Mapping
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Spartina Map Data Dictionary, Version 6
Used in the creation of the 2000-2001 base map.

Data Dictionary Text Explanations of Text Field definition
|. Spartina point feature For individual plants, or clusters of plants, or to mark roughly circular
shape of meadow.
date GPSd date, auto, ymd, not_permitted,
manual
Surveyor Name menu, required
"S. Klohr"
"D. Smith"
"K. Zaremba"
"Other"
Site code name text, 30
Reach ID # numeric, 0, 0, 50000, O, required
Species "knowns" are for DNA tested plants menu
"Salt lab tested" Useonly if lab resultsindicate 100% S. aterniflora
"Sat/hybfield ID" Useif no prior lab testing, field i.d. only
"Hybrid lab tested" Useonly if lab resultsindicate hybrid S. alt
"unknown S alt/fol" Unableto identify in field. Needs testing and/or revisit.
"S. anglica’
"S. densiflora’
"S. patens’
"S. foliosa’ Use to mark lab tested foliosa, or to indicate foliosa populations.

"other/add comments'
Point represents: menu, required
"single plant”
"cluster of plants® Useto mark closely clustered plants, or as quick mapping technique to
indicate # of plantsin general area

"seedling(s)"

"DNA test only(notes)” Useif large area of unknown S. at/hybrid, and need lab test before can
map area. Usually indicates no size or % cover info will be included.
Will need to revisit sitesif S. alt/hybrid lab results.

"other: see comments’

# clones at point numeric, 0, 0, 5000, O,
Clone ID name/# Useif tracking specific clones. text, 30
Diameter plant/clus Diameter of plant OR cluster. If cluster, give estimate of total area numeric, 2, 0.00, 500.00, 0.00,
covered by clones, in diameter measure.
DNA sample site? menu
"yes'
"o
"not applicable"
DNA sample name/# Name given to lab for tracking. text, 30
Confidence level Confidence of mapping and plant identification. Relates to distance menu

from plants at time of i.d., phenology of plant, source of location
information.
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"high" Plants identified at close range, and/or in peak phenology, and/or with
lab testing.
"moderate” Plants identified at moderate distance (i.e. with binoculars, via kayak

from shore); and/or at non-peak phenology; and/or used % cover
estimate. May be location information from reliable source, but
unsurveyed by members of ISP.

"lower" Plants identified from distance; and/or quick survey viaairboat or other
vehicle; and/or plantsin senescence; and/or unverified location
information from questionable source; and/or gross % cover estimate.

Comments text, 50

I. Spartinalinefeature For noting accessible edges of polygons (will be converted to poly'sin
GIS), and linear infestations. Also used to collect useful feature info for
GIS, such astotal length of reach, or width of infested channel.

date GPSd date, auto, ymd, not_permitted,
manual

Surveyor Name menu, required
"S. Klohr"
"D. Smith"
"K. Zaremba"
"Other"
Site code name text, 30
Reach ID # numeric, 0, 0, 50000, 0, required
Species "knowns" are for DNA tested plants menu
"Salt lab tested"
"Sat/hybfield ID"
"Hybrid lab tested"
"unknown S alt/fol"
"S. anglica’
"S. densiflora"
"S. patens’
"S. foliosa'
"other/add comments"
Defines reach? menu
"yes" Reply "yes' only if line indicates entire length of reach.
"no" If line only indicates feature within areach.
% cover/reach only Useonly if line represents entire reach. Skip if not the case. menu

"%
"<1% (seedlings)"

"<1% (mature)"

"1-10%"

"10-30%"

"30-60%"

"60-90%"

"90-100%"

"DNA results needed" Useif cannot give %cover until know lab results of species.
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Iln/all
Defines feature only menu
"yes' Useif line defines feature within areach.
"no"

Ave clone size/lline

"seedling to 1m"
"1m-3m"
"3m- 10m"
"10m - 30m"
"30m +"
"meadow"

"other: see comments"

Width of feature

% cover/feature only

004"
"<1%, seedlings’
"1-10%"
"10-30%"
"30-60%"
"60-90%"
"90-100%"
"n/a’, default

Confidence level
"high"
"moderate”
"lower"

Comments

I11. Spartina areafeature
date GPSd

Surveyor Name
"S. Klohr"
"D. Smith"
"K. Zaremba'
"Other"

Site code name

Reach ID #

Species
"Salt lab tested"
"Sat/hyb field ID"
"Hybrid lab tested"
"unknown S alt/fol"
"S. anglica’

For informational purposes only. Not for calculating total acreage. menu

Width will be used in GIS to expand line into polygon. Give average numeric, 0, 0, 500, O,
width of infestation along line.

Use to indicate % cover of polygon the line represents. Thiswill be menu
used to calculate total acreage. Also, can be quick method to map %

cover by Spartina of an entire channel bed (subtract open water portion

from total width, give %).

menu

text, 50

date, auto, ymd, not_permitted,
manual
menu, required

text, 30
numeric, 0, 0, 50000, 0
"knowns" are for DNA tested plants menu
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"S. densiflora’
"S. patens’
"S. foliosa'
"other/add comments"
Defines reach? menu

"yes' Useif ableto access al of reach, if need to delineate isolated
population.

no
% cover/reach only Use only if polygon represents entire reach. menu
"0%"
"<1% (seedlings)"
"<1% (mature)"
"1-10%"
"10-30%"
"30-60%"
"60-90%"
"90-100%"
"DNA results needed"”
e
Ave clone sizelreach Use only if polygon represents entire reach. menu
"seedling to 1m"
"Im-3m"
"3m - 10m"
"10m - 30m"
"30m +"
"meadow"
"other: see comments'
"n/a’, default
Defines 1 clone? menu
" Useif GPSing perimeter of clone.

yes
"no", default

Defines cluster? menu
"yes' Useif GPSing perimeter of cluster.
"no", default

Ave clone size/clust For informational purposes. Will not be used to calculate acreage. menu

"seedling to 1m"

"1m-3m"

"3m - 10m"

"10m - 30m"

"30m +"

"meadow”

"other: see comments'
# clonesin cluster numeric, 0, 0, 5000, O
% cover/festure only Will be used for calculating total acreage. menu

"0%"

"<1%, seedlings’

"1-10%"

"10-30%"

"30-60%"
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"60-90%"
"90-100%"
"n/a", default
Confidence level
"high"
"moderate”
"lower"
Comments

IV. " Other Plant Species’, point Useif want to mark other invasives, rare plants, etc.
date GPSd

Surveyor Name
"S. Klohr"
"D. Smith"
"K. Zaremba'
"Other"

Site code name

Species

Comments

V."Reach Marker", point Use ONLY if assigning % cover to areach. Do not use if have GPSd
all individual or clusters of plants within reach. Use to indicate reaches
of 0% cover.

date GPSd

Surveyor Name
"S. Klohr"
"D. Smith"
"K. Zaremba'
"Other"

Reach #

Site code name

Species marked: Menu items indicate which species surveyor was looking for in area. If
more than one invasive Spartina speciesisin reach, or in adjacent
reaches, create separate reach markers for each species surveyed. Most
areas will only be indicated as survey for “S. alt/hybrids.” Assume 0%
invasive Spartinaif area surveyed and has no reach marker or GPS
points for clones.

"Salt and hybrids'

"Sdensiflora’

"S patens’

"Sanglica

"Sfoliosa"

"unk: DNA test needed"

"No invasive Spartina" Useif survey revealed 0% of any invasive Spartina. (note: default will
often be 0% S. alt and hybrids)

"other/see comments"

menu

text, 50

date, auto, ymd, not_permitted,
manual
menu, required

text, 30
text, 40
text, 100

date, auto, ymd, not_permitted,
manual
menu, required

numeric, 0, 0, 50000, 0
text, 30
menu



A

VII. "

Part 2: Data Collection Protocols

% Cover/Reach

"0% identified"
"<1% (seedlings)"
"<1% (mature)"
"1-10%"
"10-30%"
"30-60%"
"60-90%"
"90-100%"

"DNA results needed"

Ave clone size/reach
"seedling - 1Im"
"1im-3m"
"3m- 10m"
"10m - 30m"
"30m +"
"meadow"

"other: see comments"

"unknown"
Confidence level
"high"
"moderate”
"lower"
Comments

Reach endpoint"”, point
Betweenreach # ...

and reach #...

endpt landmark
Comments
Landmarks', point

landmark menu
"PG&E tower"

"PG&E boardwalk"

"creek mouth"
"dough mouth"
"telephone pole”
"boat wreck"
"boat launch"
"dock"

"gate"

"sign
"tree"

Wetlands Regional Monitoring Program Plan 2002

Invasive Cordgrass

Use to assign % cover to well-defined areas only. Will be used to define  menu

acreage. *Note: Cannot calculate acreage if cannot define total area.
Indicate boundaries of area on map or photo, or with GPS points.

Dividing line between reaches. Usualy alandmark feature. If endpoint
is at dead-end of feature, one reach will be called 0.

Indicate landmark feature that marks endpoint, if possible.

menu

menu

text, 50

numeric, 0, 0, 50000, 0
numeric, 0, 0, 50000, 0
text, 30

text, 30

menu

175
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"bridge"

"building”

"culvert”

"dredge lock"

"tide gate”

"parking area’

"levee"

"road"

"trail"
Other landmark text, 30
Comments text, 30

VIII. " Point Generic", point

date GPSd date, auto, ymd, not_permitted,
manual
Surveyor Name menu, required

"S. Klohr"

"D. Smith"

"K. Zaremba"

"Other"
Site Code text, 30
Comments text, 100

IX."Line Generic", line

date GPSd date, auto, ymd, not_permitted,
manual
Surveyor Name menu, required
"S. Klohr"
"D. Smith"
"K. Zaremba"
"Other"
Site Code text, 30
Comments text, 100

X."Area Generic", area

date GPSd date, auto, ymd, not_permitted,
manual
Surveyor Name menu, required
"S. Klohr"
"D. Smith"
"K. Zaremba"
"Other"
Site Code text, 30

Comments text, 100
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Appendix 2

Sample Paper Data Sheet from 2000-2001 Mapping
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Appendix 3

Field Mapping Supplies
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GPS unit (Trimble GeoExplorer 3 or equivaent)
Paper data sheets (on waterproof paper for kayak trips) (see Appendix 2)
Covered clipboard

1:24,000 scale USGS paper topographic maps
Aerid photos, if avalable

AAA regionad maps or equivaent

Bay Tral maps

Pencils

Permanent Marker for marking tissue samples
Ziploc bags for collecting tissue samples
Compass

Binoculars

Cameraand film

Appropriate permits to access private lands
Rubber boots

Kayaks with safety gear

Bicydes

4-whed drive Vehide

100-m measuring tape for transects



