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I ntroduction

Tidd marsh vegetation is highly responsive to physca processes in tidd wetland
landscapes (Atwater et d. 1979, Cdlaway et d 1990, Sanderson et a. 2000, Culberson
2001), and, in turn, it provides a mgor source of nutrients and physical habitat structure
for wildlife, fungi, and microbid organiams (Jossdlyn 1983). Consequently, tidd marsh
vegetation is a cornerstone dement for monitoring and evauating the status and trends of
tidal wetland ecosystems (see WRMP version 1 Part 1 Science Framework).

While vegetation monitoring has long been recognized as indispenssble for
monitoring the daus of wetland mitigation projects, these monitoring efforts have
generdly not been grounded in a sound scientific framework that invedigaes the
connection between vigble habitat dements (such as chand marging) and vegetation
patterns.  Further, typica vegetation monitoring approaches (for example, those based on
long linear transects) fal to provide information about these vegetation petterns that
would be amenable to fine scae landscape vegetation mapping efforts.  With the advent
of globd pogtioning sysgems (GPS) and Geographic Information Sysems (GIS)
technology, new tools are avalable to combine hypothess-driven vegetation monitoring
with vegetation data that may be used for future fine-scae vegetation mapping and
predictive modes of plant community structure.

The god of this tiddl wetland vegetation data collection protocol is to encourage a
collaborative effort on the pat of wetland scientists to monitor al tidd wetlands in the
San Francisco Bay Estuary with a common conceptua approach and standard methods to
generate tida wetland vegetation data that (1) tracks vegetation change over time and (2)
teds the hypothess that habitat heterogenety drives species diversty and vegetative
complexity in tidd wetland landscapes (Cdlaway, Paker, and Vasey 2002). This
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aoproach will be used within the ambient monitoring and project monitoring components
of the WRMP. We dratify tidd wetland landscapes into a number of habitat eements
(eg. channd margins, marsh plain, upland trangtion zone, etc.) that gppear to provide
diginct habitats for tidd wetland species (see WRMP verson 1 Pat 1 Science
Framework). We then focus on randomly generating plant species cover data for these
different habitat elements, as well as information about habitat dructure for vertebrate
and macro-invertebrate wildlife.

Vegetaive cover is generdly a State Indicator that reflects the growing conditions
for wetland vascular plants in tidal wetland ecosystems. It refers to the percent of a
specified ground unit covered by each plant species located in a defined area.  The
Vegedive Cover Indicaor provides ingght into the number of species in a tidd wetland
and the gpproximate abundance of each species in the wetland. It is particularly vauable
for characterizing the didribution of common species that make up the bulk of the
biomass in a tidd wetland and less vduable for identifying rare species  Vegedive
cover can ds0 be a Pressure Indicator for wildlife habitat, and for native tidd wetland
plantsif it reveds dominance by non-native invasive species.

Per sonnel

Volunteers who can identify wetland vascular plant species should be able to
conduct this sampling if provided with gppropriate orientation and supervison.

Sampling Approach

This protocol is designed to evduate three important plant community parameters
in tidd mashes 1) plant species diversty, 2) community physica sructure, and 3) the
invasion of non-native species.

A dratified-random sampling approach is used to characterize the plant
community for these three parameters dong mgor gradients of environmental factors that
ae expected to affect community dructure, including its overdl heterogengty. The
sampling tekes place dong these gradients within self-evident drainage basns within the
sampling Sites.

The underlying assumptions of this goproach ae that species diversty and
dructurd  heterogeneity are sendtive to environmenta dress, and that wetland managers
seek to monitor dress levels. Sampling should therefore occur dong gradients of factors
that control or corrdate to community heterogeneity. In tidd marshes, the key factors of
interest within a marsh, such as tidd hydroperiod, environmental moisture, agueous
sinity, susceptibility to invason by NIS plants, and edaphic chemicd factors vary with
intertidal elevation and digtance from tida source (see verson 1 WRMP Pat 1 Science
Framework and Appendix B). This protocol therefore uses this spatid pattern of key
factor variation as a sampling template.
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Sample Universe

This protocol is to be used to characterize the plant community of the primary
drata of tidd marshes in the San Francisco Edtuary. The ambient monitoring program
will include wetland projects in the sample universe.

Sample Sites, Strata, Habitat Elements Stations, Plots, and Sub-plots

SAMPLING TERMS
Site A wetland project or other patch of tidal marsh
Starting A randomly chosen point used to identify adrainage basin within asite.
Point
Drainage | Theareaof tidal marsh that drainsto athird-order or smaller channel network.
Basin
Mainstem | The highest-order channel within a drainage basin. For this protocol, the mainstem
Channel channel isthird-order or smaller.
Station Location of atransect within a selected drainage basin. There are at |east five Stations
within each drainage basin.
Transect | 15-m distance along which Plots are randomly located at a Station.
Thereisone Transect per Station.
Plot A randomly chosen area 1 x 2-m in size within which dataare collected. There arefive
plots at stations A, B and E, and three plots at stations C and D.
Subplot 1x 1-m subsection of Plot. There are two subplotswithin each Plot. Designations are
given below for subplot numbering, and data are collected separately for each subplot.

A sample dte is a wetland project or other patch of tidd marsh habitat. The
primay drata are the backshore (i.e, upland trangtion zone), marsh plans channd
margins, tidd pannes, and foreshore (i.e., bay-ward trangtion zones from the marsh plan
to open tidd mud flats). Habitaa dements ae smdler scde ggnificant vaiaions in
landform that are nested within these primary strata (See verson 1 WRMP Part 1 Science
Framework). Sample dations are locations of transects within the primary strata. Sample
plots and sub-plots are places of individua measurements of vegetation cover or structure
taken dong the sample transects. All recognizable habitat dements within the primary
dratawill be included in the transects.

The method of assgning order to a channel follows from Strahler 1957 (and see
verson 1 WRMP Pat 1 Science Framework) will be as follows. The smdlest channds
with an unvegetated bank-face is termed firg-order; the confluence of two or more firgt-
order channds forms the upstream beginning of a second-order channel; the confluence
of two or more second-order channels forms a third-order channel, and so forth; a third-
order network includes the entire length of one third-order channd plus dl of its second-
order tributaries plus dl of their firgd-order tributaries. A third-order drainage basin
includes one third-order channed network plus the marsh plain that contributes surface
runoff to any part of the network.

The nature of the key drata and their habitat dements will vary from place to
place and over time. The random sdection of daions is necessry to monitor the
response of the vegetation and to changesin tidal wetland landforms.
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To compare one sSte to another, this protocol will have to be replicated at least
three times per Ste.

L ocating Stations and Transects

It is preferdble that a prdiminay layout of the quantitative fieddld sampling
transects be done prior to fidld sampling, as this would likely speed up sampling in the
fidd.

This following process results in five sampling dations for each third-order or
gmaler randomly chosen tidd marsh drainage basn & a sSte. Sampling dations A and B
represent channel-sde and mash plan conditions for the mid marsh, respectively.
Stations C and D represent channel-sde and marsh plain conditions for the low marsh at
the foreshore. Station E represents conditions near the backshore. There is one transect at
each Station. There are 5 Plots per transect a Stations A, B, and E, whereas there are 3
Plots per transect at Stations C and D. Large plots (1 x 2m) are randomly located along
each transect. Each plot is evaluated for tota vegetative cover, cover by species, and
plant height.

1. Generate a Staring Point: Once a gdite is sdlected, then a GIS is used
to generate a 1-m to 10-m node grid for the Site as a whole. The center
points of the cdls of the grid comprise the populatiion of possble
dating points for monitoring. The random sdection of one of these
points initistes spatid layout of dHations and transects. Generate the
Stating Point usng a GIS and mark the Starting Point on an aerid
photo-map of the Site.

2. Define the Mainstem Channd: On the photo-mep of the gte,
ddineste the largest drainage basin that encompasses the Starting
Point, up to a third-order basin. The highest-order channd of the basin
is the maingem channd. To delineste the boundaries of a drainage
basn across the marsh plain and between adjacent channed networks,
the rule will be to follow a line hdf way between neighboring channels
of the adjacent networks.

3. Locate the Starting Point in the Field: Locate the Starting Point in
the field usng a GPS. Mark the Starting Point with a PVC gtake. This
location will be used to determine dl sampling Sations.

4. Station A: Draw a draght line pardld with the foreshore from the
Stating Point to the nearest place dong the mangem channd of the
drainage basin. This placeis Station A.

5. Station B: Draw a line perpendicular to the channd bank from Station
A to aplace 20-m away on the marsh plain. This place is Station B.
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6. Station C: Follow the channd downgtream from Station A to a place
near the opening of the channd at the foreshore. Thisis Station C.

7. Station D: Draw a line pardld to the foreshore from Station C to a
place 20-m away from Station C. This placeis Sation D.

8. Station E: Draw a line from the Starting Point to the nearest place
aong the backshore. This placeis Station E.

9. Permanent Transect: At any reference dtes (i.e, Semi-permanent
gtes dong sressor gradients (see verson 1 WRMP Part 1. Sampling
Approach) or project Stes, establish a fixed transect from Station E to
the foreshore. Mark each end of this transect with a PVC steke and
record its GPS coordinates.

Figure 1. Schematic of Station Locations
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Exceptions and Unusual Cases

In some cases, the identification of marsh festures may not be
graightforward, or particular marshes may lack features that are used to locate
sampling dations.  Some possble exceptions in locaing dations are outlined
below:
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Wetlands where the channel is the main water body: Some wetlands may be a
far distance from the bayshore of the Estuary (e.g., & a very long distance
up a tributary river or dream, or upstream dong a tidad dough with no
fluvid input). In these cases, the mgor channd or river will serve as the
man water body, and the vegetation border with the channd or river will
be designated as the foreshore of the wetland. The next largest channd
within the wetland should be used as the maingem channe in locating the
near-channd dations.  Location of sampling dations will follow the
procedure outlined above, using these designated features.

Wetlands without channels:. Some fringe wetlands may lack any large
channds that could be used to identify near channd dtes Most Fringe
Marshes have fird-order channels that can be used, dthough these can be
conceded by vegetaion. If no channe can be located near the Starting
Point on the photo-map or in the fidd, then both of the near channd
gations (A and C) will be dropped, and sampling will be completed only
a ddions B, D, and E. The beginning of the transect at Station B will be
located by waking pardld to the foreshore 20 m away from the Starting
Point. The beginning of the transect for Station D will be located by
waking directly towards the foreshore from the Staring Point, and the
beginning of the transect for Station E will be located by waking in the
opposite direction from the EMAP plot until reaching the backshore.

Sampling at Each Station

The quantitative data are collected at five plots that are randomly sdected dong
each Transect a each Station, according to the following ingtructions.

(1) For both the mid marsh stations (A and B), mark the ends of a transect that
extends 15 m paralel to the main channd and toward the foreshore. For
the transect that extends dong the channd bank (A), areas that have
dumped or aess found a lower devaion in the channd ae not
consdered mid-marsh and are excluded from the transect for this sampling
protocol. The transect for Station B, which pardles the maingem channd
but at a distance 20 m away from the channd bank, is further constrained
to be a least 10 m from any other channd (see Figure 2 below). If the
mid marsh transect that begins a Station B crosses a panne (i.e, a shalow
depression of bare ground 10 nf or larger with or without standing water),
then Station B should be shifted far enough toward the foreshore or toward
the backshore such that the transect from Station B does not intersect the
panne. Five plots will be randomly selected dong each transect (C and D;
see Figure 3).

(2) For each of the low marsh stations (C and D), the transect begins a the
goparent upper boundary limit of the low marsh plant zone. The transect
runs downhill from this boundary vegetation to the foreshore (i.e, the
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edge of the adjacent tidal flat). Because the width of the low marsh zone
vaies among marshes, the length of these low marsh transects will dso
vay. Three plots will be randomly sdlected dong each transect line for C
and D (Figure 3). Only 3 plots are used for these gations because of the
potentidly narrow width of the low mash zone If transects within a
gétion are less than 15 m, the firg 3 random plots that are within the
vegetated transect should be used.

(3) For the backshore (Station E), the 15-m transect is anchored at the Station
marker (see figure 1). The transect runs 15 m parale to the backshore (not
dong the devation gradient). The protocol for setting up quadras is the
same as for the mid-marsh sampling gations.

(4) Special habitat elements Some drainage basins will include tida pannes
that represent important habitats for plant species and assemblages that do
not commonly occur within other drata or habitat dements. A tidd panne
is defined as an area on the marsh plain of 10-n? or larger with less than
25% perennid emergent vegetation. If pannes are present, randomly select
one panne for detailled sampling. For the sdected panne, randomly locate
5 plots (each plot is Im x 2m) dong the periphery of the panne. Collect
data as outlined above for Sites A-E

Figure 2: Schematic diagram of mid marsh stations and transects (bold lines)

09)

20m A

< 15m > < Minimum 10 m >

Figure 3: Schematic diagram of low marsh stations and transects (bold lines)
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Data Collection

The locations for the sample plots a each dation are sdected from the tota
number of 15 possble 1-m intervds on each transect (there may be fewer possble
intervas a Sations C and D if the low marsh zone is les than 15-m wide; see discusson
above). For transects A, B and E, five whole numbers between 0 and 14 are randomly
sdlected, and the order of the numbers is recorded. Three random numbers are selected
for both transects C and D. If a particular location is found to be unacceptable due to a
disturbance or some other reason, an dternate random number should be used. Plots are
Stuated dong each transect using the random numbers (see Figure 4).

Each of the randomly sdlected 1m x 2 m plots for each transect will be divided
into two 1Im x 1 m subplots (see Figure 5). Each subplot is designated as either subplot 1
or subplot 2, and data are recorded separately for each subplot.

In the fiddd, a 1 x 1 m frame can be usad to sample vegetation, moving it from
sample subplot 1 to subplot 2. Plots are dways oriented in a particular direction. The
long, 2-m sde of each plot is oriented perpendicular to the transect line. Subplot 1 is
Stuated adjacent to the channe for stations A, B, C and D, and adjacent to the upland for
dation E (see Figure 5).

Figure 4. Five plots are located randomly adong each transect usng a random number
table. Each plot is oriented such that the first subplot sampled is closest to the
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channd. This illugration shows a hypotheticd sampling routine for the mid-
marsh Stations (A and B).

20 m

Figure 5. The Plots usad in sampling vegetation are Im x 2m in 9ze. These Plots are
divided into 2 Im x 1m subplots. The subplot designated #1 is dways oriented
toward a channd (Stations A — D) or toward the foreshore (Station E). A
portable 1m x 1m meter frame would work easest for this sampling.

- 1m >
channel
or
foreshore 1 2 Im
side
-t 2m >

Within each subplot, data are collected in the following order. First the percent
cover of dl nonvegetated aress is estimated. Bare ground and litter-covered areas are
esimated separately.  Following this, the percent cover for esch gpecies is estimated
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separady.  Visud etimates of cover are made using a modified Daubenmire cover dass
gystem using a 7-point scae, as indicated below. Because canopies may overlap, cover
edimates may totd more than 100%. The species and height of the talest plant (to the
nearest cm) is recorded for each subplot.

Estimated cover categories Cover class
>0-1% 1
>1-5%
>5-25%

>25-50%
>50-75%
>75-95%
>05-100%

N OO A~IWIN

Permanent Transect

At any reference dite or wetland project, a permanent transect will be established
through the Starting Point from foreshore to backshore (see Figure 1) to assess changes in
tidd wetland vegetation (and landforms) over time. Daa on percent cover and maximum
height per species will be collected every 1 meter for the firs 30 meters from either end
of the transect, every 1 meter within 10 meters of any channel or panne crossed by the
transect line, and every 5 meters dong the remaining transect lengths.

Time of Sampling

Sampling should take place a low tide to enable full access to sample Stes. There
is subdantid flexibility in the timing of sampling during the tidd cycle, however, since
plants don't move and access to the sample Sitesisthe criticd variable.

Seasonality

Yealy sampling should take place so that annud variation in vegetaion can be
tracked and corrdlated with other physica and wildlife paterns. The annud sampling
should take place at gpproximatedly the same time each year, preferably in the summer
when the maximum diversity of the tidal wetland vegetation is gpparent.
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Summary of Fidd Work

The overdl sampling protocol for each Station is summarized below.

Stepsin Sampling at Each Station

Determine lat/long for each sampling tation with GPS.

One 15-m transect is set up at each station using above protocols by
anchoring each transect at the sampling station.

Five plots are randomly located with a 15-m transect a each sampling
gtation, except for low-marsh ations, C and D, which are likely to be
lessthan 15 mlong. At C and D, three plots are randomly located within
the available length of transect.

Sample plots that are “ away from channels’ must be at least 10 m from
any channel. If plotsare <10 m from any creek, throw these out and use
random # sto identify anew plot or readjust transect line,

Each sample plot is Im x 2 min size, with the long dimension
perpendicular to the transect line.

Each Im x 2 m plot isequaly divided into two 1m x 1 m subplots, with
the subplot nearest the creek or upland designated subplot 1.

Data are collected separately for each 1m x 1m subplot.

Run ore permanent transect from foreshore to backshore, collecting data
a varying intervals depending on distance from mgor drata, as
described above.

Datato be collected are:
percent total vegetative cover
percent litter as cover
percent bare ground
percent cover by species (for al speciesin each subplot)
species and height of the tallest plant in each subplot

A dandard datasheet should be created for dl quantitative data collected in the
fidd. All plant species will have a desgnated two-letter code (e.g., Sv for Salicornia
virginica), and these codes should be used when referring to any plant species. The data
sheet should have, a aminimum, the following fidds of information

NG~ WNE

Sample ste WRMP code and name

Stratum code

Station code and replicate number

Transect identifier

Sample date and time

Plot replicate number and subplot number

Onefidd per each of the six data types (see step nine in summary table above)
Comments
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Basic Fied Equipment

&52100-m transect tape

&5 &1-m quadrat frames

&5.#GPS unit

& #Photo-map of dte

& #Random number table

&PV C markers

& Hdd guidesto wetland flora

= ePlant press for collecting reference specimens
& &Field notebook

& eData sheets

Expected Unit Cost

Primary cods will be based upon fidd time for a leest two invesigators per
sample locdity. These unit costs will depend upon the sdaries of the invedtigators and
the time required for them to adequately sample the tidal wetland in question.

Data Analysis

Data will be andyzed per stratum. Each stratum will be analyzed br frequency of
occurrence of each species, average cover per occurrence of each species, and maximum
plant height per species. These data can then be used to assess dominant, common, and
rare species in these different habitais This will assgt in the classficaion of plant
dliances and associations for the various marsh dtes that are investigated. It will dso
demongrate the effect of sressors and habitat heterogendity on biodiversty within and
among marshes, drata, and habitat €lements.

Presentation of Results

Higograms and other gragphic presentations will demondrate differences in
species frequency, average cover, and average height for the different habitats that
Characterize tidd wetlands (i.e. channd margins, trangtion zones, marsh plains, pannes,
etc). Over time, restored wetland vegetation recovery patterns can be compared to
reference conditions.
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