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EXECUTIVE SUMMARY

This study is a continuation of a long-term monitoring program designed to detect changes in habitat
types within the coastal marshes of South San Francisco Bay. Additiondly, this study evauates the
possible contribution of the freshwater discharge from the San Jose/Santa Clara WPCP on the
digribution of these habitat types. To determine the distribution of habitat types in the South Bay
Marshes, the study area was subdivided into three zones: the upper segments, the trangtion segments
and the lower segments.  To track the changes that could potentially be caused by anthropogenic
influences ingtead of environmentd influences, a Reference Area (Alviso Sough) was aso mapped.
Vegetation mapping within the Main Study and Reference Areas commenced in 1989 and subsequent
mapping has occurred in 1991, 1994, 1995, 1996, 1997 and 1998.

The 1999 plant association mapping was done on digita orthos images crested from rectified color
infrared aerid photography. All vegetation mapping was done by plant biologists in the field and spot-
checked by senior biologiss. The vegetation maps were digitized and converted to a GIS format.
Acreage calculations by plant associations, dominant species and habitat type were done in GIS and
GIS maps produced. Comparisons were made between the 1999 mapping and previous years
mapping from both the GI S data and the original data.

Comparison between years has shown that the surface area of tota marsh and the distribution of marsh
habitat types within the South Bay marshes is dynamic. New marsh formation (sdt, brackish and
freshwater marsh habitats) has occurred in both the Main Study Area (+202.02 acres) and the
Reference Area (+52.78 acres). In the Main Study Area, new marsh formation occurred primarily in
the Lower Reach (near the mouth of Coyote Creek) and Transtion Reach. There has been little change
in total marsh areain the Upper Reach during the past 10 years.

Overdl, gpproximately 127 acres of sat marsh has converted to less saline habitat types within the Main
Study Area between 1989 and 1999. The 127 acres of converted salt marsh represents 17% of the
totd sat marsh acreage present in the Main Study Areain 1989. Similarly, in the Reference Area
approximately 16% (12 acres) of the total salt marsh area present in 1989 was converted to less sdline
habitat types during that same time period. The mgority of this conversion has taken place snce 1996.
The mgority of sdt marsh habitat converson during the past ten years is attributed to losses of
pickleweed and cordgrass dominated associations and increases in dkali bulrush and peppergrass
asociations. In the Main Study Area, the mgority of this converson has occurred in the trangtion
segments where nearly 100 acres of sdt marsh habitat has become brackish marsh habitat during the

past ten years.

There has been little net change in the totd sat marsh area and in the proportion of sat marsh within the
Main Study Area from 1989 to 1999. This apparent stability occurred because sat marsh habitat from
converson to other habitat types was baanced by increases in sdt marsh habitat via new marsh
formation. The entire study area has become less saline during the past ten years. Much of the change



has occurred since 1996; this was the first year that freshwater marsh habitats were mapped within the
Main Study Area and the Reference Area.

Much of the converson of sdt marsh habitats within South San Francisco Bay are likdly caused by
large-scde influences that are affecting the entire sysem.  This includes both anthropogenic and
environmental factors. The impact from the WPCP can only be determined by a study that includes
both physica and biologica variables that could be influenced by freshwater flows. The ongoing
collection of physcd daa (which began in August 1999) concurrent with this study will ad in
determining the relative influences of environmenta factors and anthropogenic factors to changes in

marsh type.



INTRODUCTION

This report presents the results of vegetation mapping conducted in August and September 1999 in the
South San Francisco Bay study area (Figure 1). The South Bay Marsh study area was subdivided into
24 mapping segments in the 1989 base study. Furthermore, the Alviso Sough Reference Reach was
subdivided into 4 mapping segments.  This was done to ad in determining specific locations of
vegetation change.

For the purpose of data analyss and to better summarize vegetation change, the study area was
organized into four reaches (Upper Reach segments, Trangtion Reach segments, Lower Reach
segments and Alviso Slough Reference Reach) (Figure 2). The Upper, Trangition and Lower Reach
segments combined are referred to as the Main Study Area and are comprised of the origind 24
mapping segments.  The Alviso Slough Reference Reach is comprised of the 4 mapping segments
established in the 1989 study.

The current study is a continuation of a long-term monitoring program designed to detect changesin the
asurface area and didtribution of sat, brackish and freshwater marsh habitat types. An underlying
objective of the long-term monitoring program is to evaluate the relaive effect of freshwater discharge
from the San Jose/Santa Clara Water Pollution Control Plant (WPCP) on the digtribution and aerid
extent of these habitat types. In an attempt to more accurately determine the relative contribution of the
factors affecting marsh converson, a sudy of edaphic characteridics (eg. interdtitid sdinity, pH, and
bulk densty) and water levels throughout the study area was added to the monitoring program this year.
Feldwork commenced in August 1999. The results of soil characterization and water level monitoring
as they relate to the 1999 digtribution of marsh habitat types described herein will be presented in a

separate report.

A basdine vegetation mapping study of the South San Francisco Bay study area was conducted in
1989 (H. T. Harvey & Associates 19908). Subsequent mapping studies were conducted in 1991,
1994, 1995, 1996, 1997 and 1998 which documented changes in the digtribution and aeria extent of
salt, brackish and freshwater marsh (CH2MHill 1991; H.T. Harvey & Associates 1994, 1995, 1996,
1997, 1998). Comparison between years has shown that the disgtribution of plant associations within
the South San Francisco Bay marshes is dynamic; the dominant plant species are adapted to respond
rgpidly to environmenta changes. The 1998 study found that the overal marsh surface area (sdlt,
brackish and freshwater marsh combined) increased by approximately 154 acres since 1989 in the
Man Study Area. This increase was most likely due to sediment accretion and subsequent plant
colonization by both brackish and sdt marsh plant species. Approximatdy half of this increase (90
acres) occurred between 1997 and 1998 during the El Nino rainfall year.

Additiondly, the 1998 study concluded that sdt marsh area has decreased while brackish and
freshwater marsh area has increased since 1989 within the Main Study Area (due to the conversion of
both exigting marsh and newly formed marsh). A nearly complete converson of the Trangtion Reach
segments from salt marsh to brackish marsh was observed. Between 1989 and 1998, a total of



approximately 126 acres of salt marsh (17% of the total) converted to primarily brackish marsh within
the Main Study Area. Sdt marsh converson was primarily due to the successful establishment and
vegetative reproduction of akai bulrush Scirpus maritimus/robustus) within mid-marsh aress that
were formerly dominated by pickleweed (Salicornia virginica). A net decrease of 41 acres of salt
marsh habitat (6% of the total) was also observed within the Main Study Area from 1989 to 1998.
Due primarily to the formation of new cordgrass-dominated sdt marsh, the net decrease in sdt marsh
area (41 acres) was consderably less than the surface area of salt marsh conversion (126 acres).

Pickleweed-dominated sdt marsh is typicaly comprised of a diverse assemblage of mid-marsh st
tolerant species with pickleweed exhibiting the highest average percent cover. Pickleweed dominated
sdt marsh provides habitat for a unique assemblage of anima species including the federdly and date-
endangered sat marsh harvest mouse Reithrodontomys raviventris raviventris). Therefore, it is
important to determine the area of change annualy as well as understand the factors responsible for the
observed conversion of sat marsh to brackish marsh.  Furthermore, it is important to understand to
what extent this converson is caused by naturd, region-wide environmental change versus
anthropogenic changes such asincreases in freshwater discharge from the San Jose/Santa Clara WPCP
and dry-wegather releases from locd reservoirs.

A number of variables have been shown to be important in controlling the distribution of plant speciesin
coadtd marshes. Interditia soil sdinity is one of the important variables correlated with vegetaion
change (Callaway and Sabraw 1994, Allison 1992, Callaway et d. 1989, Zedler 1983, 1986). For
example, converson of a pickleweed-dominated sdt marsh to a cattall (Typha dominguensis)-
dominated freshwater marsh was observed in the San Diego River marsh when reservoir discharges of
freshwater were prolonged into summer; well beyond the norma rainy season (Zedler 1983). In this
case sudy, prolonged freshwater discharge and increases in the depth and duration of inundation
caused mortality of pickleweed and decreased soil sdinities dlowing cattall germination and growth
(Zedler 1983).

However, numerous other factors have aso been found to control marsh species composition including:
depth and duration of flooding over the marsh surface (Webb and Mendelssohn 1996, Webb et d
1995, Pennings and Cdlaway 1992, Mendessohn and McKee 1988), accumulation of phytotoxins
such as hydrogen sulfide in marsh soils (Webb and Mendelssohn 1996, Webb et a. 1995, Koch and
Mendelssohn 1989, Del aune et d. 1983, King et d. 1982), interdtitial nutrient concentrations (Koch et
al. 1990, Bradley and Morris 1980, Koch and Mendelssohn 1989, Morris 1980) and soil minerd and
organic maiter content (Nyman et a. 1990, Delaune et a. 1979). All of these variables can be
affected by both naturd and man-induced environment changes such as changes in precipitation, sea
level and anthropogenic freshwater discharges. Increased flooding frequency due to sea leve rise, for
example, was implicated as the causal agent of plant association changes in a tidd marsh in the
northeastern United States (Warren 1993).

Without empirical observations of the factors mogt likely to cause vegetation change within the study
area (e.g. surface water and soil sdinity, Coyote Creek flows) it has not been possble to definitively
evauate the reaive effect of WPCP discharges on observed vegetation changes. However,



proportionate changes in overal marsh acreage and marsh types have occurred in both the Main Study
Area and the Reference Reach (Alviso Slough). Assuming that the Reference Reach is not affected by
WPCP discharges, this may indicate that large-scae, regiond environmental changes are likey
controlling the observed conversion of pickleweed-dominated sat marsh to brackish marsh in the Main
Study Area.  Specificaly, annual precipitation exceeded the average from 1994 - 1998 (Nationa
Weather Service, Western Regiona Climate Center) with the 1997 — 1998 El Nino rains (rainfal year
7/97 — 6/98) producing the third highest rainfall year on record since 1874 (28.89 inches, San Jose
NWS substation at the civic center). Furthermore, increased freshwater flows from the Sacramento-San
Joaquin Deta have been shown to sgnificantly decrease sdinities and increase the depth of flooding
baywide (Dettinger et d. 1995, Peterson et a. 1995). Therefore, decreased sdinity in the waters of the
entire Bay and increased average tidal devation associated with successive years of above average
ranfal could be factors affecting changes in the South Bay marshes. Without concrete data regarding
al of the factors above, the relative contribution of each is speculative.

The monitoring of surface weter levels and salinity, soil bulk density, interdtitid sdinity and pH and flow
rates from Coyote Creek and the Guadaupe River in combination with predicted tides for the South
Bay and Delta Outflows will provide much of the information necessary to determine the rdlative effects
of the discharge from the WPCP on observed vegetation changes. The addition of this data collection
to the ongoing long-term vegetation monitoring will be presented in a future report.



Figurel. Segment Locations
figure 1.PDF



Figure2. Location of Four Reaches.
figure 2.PDF



SURVEY METHODS

STUDY AREA

For the purposes of data collection and andlysis the study area was divided into 28 segments as defined
in the 1989 study (H. T. Harvey & Associates 1990a; Figure 1). The study area was then divided into
four reaches (Upper Reach segments, Trangtion Reach segments, Lower Reach segments, and
Reference Reach) to provide amore easily comprehensible method of andlyzing the data and presenting
the results (Figure 2). The upper (approximately 440 acres), trangtion (approximately 391 acres), and
Lower Reach (approximately 703 acres) segments, referred to as the Main Study Area are located
within the Coyote Creek watershed and include Segments 1-5 and 8-26 (Figure 1). Segments 27-30
(Reference Areq) are located dong the Lower Reach segments of the Guadaupe River or Alviso
Sough (Figure 1). These segments comprise a Reference Area (approximately 225 acres) for the
purpose of documenting vegetation changes in a watershed not affected by the discharge of trested
wadtewater. The name and number of individua segments are listed in Table 1.  These names were
chosen for prominent geographic features displayed in Figure 1.

AERIAL PHOTOGRAPHY AND ORTHORECTIFICATION

The subconsultant responsible for aeria photography acquisition and digita imagery production, HIW,
took color-infrared aerid (CIR) photographs of the entire study area.  Color-infrared aerid
photographs were taken on June 29, 1999. Photographs were taken from an atitude of 8500 feet using
a6-inch cameralens. Theflight was scheduled during negetive tidal eevation and 30 to 45 degree solar
dtitude.

This was the firg year of this long-term study that the aerid photographs were orthorectified. The
photographs were orthorectified to remove any distortion of the scale across the image caused by
various factors including curvature of the earth’s surface, topographic changes, and tilt of the camera
lens. The use of orthorectified photographs adds greater accuracy to the estimation of polygon areas on
the vegetation map. However, area cdculations between previous year’s data and the 1999 data will
be influenced by this change in methodology .

The ortho processing procedure involved several consstent production steps, each including important
ingpections.  Firg the film digpositive was scanned and thereby converted into a computer rasterized
image. Scanning digpositives were made from the photography prior to any editing or other handling of
the film. These digpositives were placed in individua deeves to be kept free of dugt, scratches, and any
other blemishing agents. HIW maintains an environmentaly controlled clean room for performing dl
photo scans to help diminate airborne dust. The digpositives were scanned on a high precision Vexcd
V000 scanner at the agperture of 25 microns. No pixels were resampled to convert to a finer
resolution.



To correct an aerid photo for digtortion caused by terrain; a digitd terrain mode (DTM) must be
included in the ortho processing. HIW produced a DTM, not only capable of accurately generating the
orthophotos, but sufficient for generating the digitd eevation model (DEM) as well. Once scanned,
HIW used OrthoView™ software to orthorectify the images and orient them into the Cdifornia State
Plane Coordinate System through the sensor orientation process. Control from the aerotriangulation and
ground survey data from existing control points in HW’ s database was used to tie the digita images to
red world coordinates. The DTM collected from the stereo photography was used during the digita
orthorectification process to adjust each image pixd into its correct postion. HJW used a cubic
convolution agorithm to perform the ortho processing. This technique provides a much more accurate
solution than nearest neighbor methods.

Each image was visudly checked and radiometricaly enhanced if needed. Neighboring images were
viewed and if problems were detected, they were featured, or blended, aong their edges to reduce
radiometric differences. Where two adjoining images contain water, radiometric differences were not
removed. Sun angles on water can result in savere tond discontinuities that are quite labor intensive to
repair. All digita orthophotographs were visudly compared with the origind unrectified image to verify
radiometric accuracy.

VEGETATION ASSOCIATION MAPPING AND AREA CALCULATIONS

Feld surveys and analysis of vegetation followed a protocol that began with mapping plant associations
(comprised of either a sngle dominant individua plant or two dominant plants) onto clear acetate
overlays that were placed directly over the digita images of the orthorectified CIR photos. These
associations were subsequently assigned to one of three marsh types (i.e. st marsh, brackish marsh or
freshwater marsh) based upon the rdlative sdinity tolerance of these species following the protocol
established in the basdine study (H. T. Harvey & Associates 19904). In order to facilitate comparison
of results between monitoring years, vegetation associations were assigned to dominant species
categories (as defined below). Dominant species categories, marsh types and vegetation associations
for 1989, 1998 and 1999 are presented in Table 2.

Topographic features, marsh boundaries, and tentative vegetation associations (based on color
sgnatures) were mapped in the office prior to fidd vists. Extendve ground-truthing of the prdiminary
mapping was then conducted during Site visits to the entire Study Area conducted from 31 August to 22
September 1999. Marsh vegetation was observed primarily from areas directly adjacent to but not
within the marshes in order to maintain consstency with the method employed in previous years.
Marshes were, therefore, observed primarily from levee roadways, railroad beds, unimproved salt pond
levees and Pacific Gas and Electric (PG& E) walkways.

When absolutely necessary, vegetation associations were verified by walking the marshes in areas that
were not clearly visble from adjacent levees and upland areas



The field vegetation maps (acetate overlays) were then scanned and eectronicdly digitized. The maps
were then linked to the digitd orthosimages. Plant association acreages and color-coded figures for the
entire Study Area were generated by GIS systems Microstation and ARCVIEW.

Access to the Study Areawas obtained from the USFWS San Francisco Bay National Wildlife Refuge

(Ms. Joy Albertson 510.792.0222; Specia Use Permit Number 78109) and Cargill Sdt Division,
Newark, CA., (Mr. Chuck Taylor 510.797.1820; License Agreement 2001.009:98C).

Tablel. Segment Namesand Numbers.

Segment Number Segment Name

1 Caaveras Point, N

2 Calaveras Point, S

3 Caaveras Point, El

4 Cdaveras Point, Ell

5 Albrae

8 Mowry Sough, Lower
9 Goose Point

10 Mud Sough, Lower W
11 Triangle

12 Coyote Creek, Mid S
13 Coyote Creek, Lower N
14 Coyote Creek, Lower N
15 Coyote Creek, Mid N
16 Coyote Creek, Upper
17 Warm Springs

18 Mud Sough, Upper

19 Mud Sough, Mid

20 Mud Sough, Lower E
21 Drawbridge

22 Strip

23 Knapp

24 Artesian Sough, Upper
25 Artesan Sough, Lower
26 Ouitfdl

27 Alviso Sough, Gold S.
28 Alviso Sough, Upper
29 Alviso Sough, Middle
30 Alviso Sough, Lower

10



VEGETATION ASSOCIATION CATEGORIZATION METHODS

Any species that occurred as a dominant, co-dominant or sub-dominant in any portion of the study area
was mapped. For the purposes of this study a dominant species had a percent cover of
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Table2. Dominant Species Categories, Marsh Type, and Vegetation Associationsfor 1989, 1998 and 1999.

ngglgpéy HABITAT VEGETATION ASSOCIATIONS
CATEGORY TYPE 1989 1998 1999
Cordgrass St Cordgrass Cordgrass Cordgrass
Cordgrass/Spearscale
Cordgrass/Alkai Bulrush Cordgrass/Alkali Bulrush
Cordgrass/Pickleweed Cordgrass/Pickleweed
Pickleweed St Pickleweed Pickleweed Pickleweed
Pickleweed, Alkai Heath, Pickleweed/Spearscale Pickleweed/Spearscale
Fat Hen Pickleweed/Cordgrass Pickleweed/Cordgrass
Pickleweed/Peppergrass Pickleweed/Peppergrass
Pickleweed/Alkali Bulrush Pickleweed/Alkali Bulrush
Pickleweed/Saltgrass Pickleweed/Saltgrass
Pickleweed/Gumplant
Pickleweed/Alkali Heath
P ckleweed- Cordgress s Cordorass, PiAdaweed, . Pickleweed Cordgrass Mix Pickleweed-Cordgrass Mix
P okleweed-Spearscale s Pickleweed-Spearscale Mix
Alkdi Heath St Alkai Heath Alkdi Heath
Alkdi Heath/Alkali Bulrush
Gumplant St Gumplant Gumplant
Gumplant/Cordgrass Gumplant/Cordgrass
Gumpl ant/Pickleweed Gumplant/Pickleweed
Gumplant/Peppergrass Gumplant/Peppergrass
Gumplant/Alkdi Bulrush
Saltgrass St : Saltgrass
Saltgrass/Pickleweed
Jaumea St Jaumea
Jaumea/Gumplant
Peripheral Halophytes ~ Sdit Fat Hen, Alkali Heath Peripheral Halophytes Peripheral Halophytes
Peripheral Hal ophytes/Peppergrass
Alkai Bulrush Brackish Alkai Bulrush Alkai Bulrush Alkai Bulrush



€T

DOMINANT

VEGETATION ASSOCIATIONS

HABITAT
SPECIES
CATEGORY TYPE 1989 1998 1999

Alkai Bulrush/Pickleweed
Alkali Bulrush/Peppergrass Alkali Bulrush/Peppergrass
Alkdi Bulrush/Spearscale Alkali Bulrush/Spearscale
Alkali Bulrush/Cordgrass Alkai Bulrush/Cordgrass
Alkdi Bulrush/CdiforniaBulrush ~ Alkdi Bulrush/Cdlifornia Bulrush
Alkdi Bulrush/Cettall Alkdi Bulrush/Cattall
Alkali Bulrush/Knotweed

Peppergrass Brackish Peppergrass Peppergrass Peppergrass
Peppergrass/Pickleweed Peppergrass/Pickleweed
Peppergrass/Alkali Bulrush Peppergrass/Alkali Bulrush
Peppergrass/Spearscale Peppergrass/Spearscale
Peppergrass/Peripheral Halophytes Peppergrass/Peripheral Halophytes

Peppergrass/California Bulrush

Spearscale Brackish Spearscae Spearscale
Spearscal e/Pickleweed
Spearscale/Alkali Bulrush Spearscale/Alkali Bulrush
Spearscal e/Peppergrass Spearscal e/Peppergrass
Spearsca e/Gumplant
Spearscal e/Saltgrass

California Bulrush Fresh Cdifornia Bulrush California Bulrush
Cdlifornia Bulrush/K notweed Cadlifornia Bulrush/K notweed
Cdifornia Bulrush/Cattail Cdlifornia Bulrush/Cattail
Cdlifornia Bulrus/Alkai Bulrush Cdlifornia BulrusVAlkali Bulrush

Cattall Fresh Cattail Cattall
Cattail/California Bulrush Cattail/Cdlifornia Bulrush
Cattail/Peppergrass
Cattail/Alkdi Bulrush Cattail/Alkdi Bulrush

Knotweed Fresh Knotweed

Knotweed/California Bulrush

- Not a Dominant Species Category in AnalysSs Y ear.



51-100%, co-dominant species have roughly equal percent coverage, and sub-dominant species have
between 15 and 49 percent cover.

Each species was then assigned to a vegetation association comprised of one dominant, a dominant and
subdominant, or two or more co-dominant species. The three types of vegetation associations are
described below:

Dominant - An area that conssts of one dominant species that comprises gpproximately 85-100% of
the cover is named soldly for that species aone, so that the vegetation association caled Pickleweed
consists of from 85-100% Pickleweed and of less than 15% of other unspecified species.

Dominant/sub-dominant - If one species comprises between approximately 51-85% of the cover in a
paticular area, and another species comprises 1549% cover in that same area, then this is
dominant/sub-dominant vegetation association. The associaion is named for both species, with the
more abundant species ligted first. The category cdled Pickleweed/Alkali bulrush could therefore
consst of from 51-85% cover of Pickleweed and 15-49% cover of Alkali bulrush.

Co-dominant - Two co-dominant associations were identified: Pickleweed - Cordgrass (Spartina
foliosa) Mix and Pickleweed - Spearscale (Atriplex triangularis) Mix. The species mixes represent
an gpproximately equa amount of each species.

The upland species category conssts of species not commonly found within st marsh habitats. These
include ruderd species such black mustard (Brassica nigra), ripgut grass Bromus diandrus), bristly
ox-tongue (Picris echioides), sweet fennd (Foeniculum vulgare), and coyote brush (Baccharis
pilularis) as well as tree species such as Cdifornia box eder (Acer negundo ssp. californica),
Cdifornia black wanut (Juglans californica var. hindsii) and Fremont cottonwood (Populus
fremontii). The peripheral haophyte category congsts of a patchwork of species that occur ong sat
marsh edges, adjacent to levees. This mixture includes pickleweed and various periphera haophyte
species such as dkali heath Frankenia salina), Austrdian sat bush Atriplex semibaccata) and
dender-leaved iceplant (Mesembryanthemum nodiflorum).

Plant species associations were summarized into 15 dominant species categories (eg. dkali
bulrush/peppergrass association is an dkai bulrush dominant species category). These dominant
Species categories were then assigned to one of four habitat types sdt marsh, brackish marsh,
freshwater marsh and upland. A number of assumptions about grouping dominant species into
appropriate habitat types were made. These include:

= Reative sdt tolerance of dominant plant species;

= Edgphic characterigtics of the South Bay Marshes that may control plant
species didribution;

= Hidoric rdaionships within this sudy, and;

= Reationships between dominant plant species and wildlife use.

14



Certain plant species for which sdinity tolerance data is lacking (eg. dkdi bulrush, spearscde and
peppergrass) were categorized into habitat types based on relative location in the marsh plain or known
wildlife use. This assumption and the potential uncertainties related to assgning plant species to habitat
type categories has been understood throughout the study period and was Stated in the 1989 (basdine)
dudy (H. T. Harvey & Associates 1990a). The habitat classfication scheme first used in the basdine
study is carried through to this study to maintain comparable data.

AREA COMPARISONS

Andysis of potentid marsh conversion within the Main Study and Reference Areasinvolved a multi-step

process that began at atotal marsh arealevel and proceeded to a more specific, segment-level andyss.

The firg task involved comparing the relaive acreage change in marsh type and dominant species
categories between years. The current years results are compared to anayss year 1989. When a
ggnificant shift in marsh acreage occurred, the dominant species categories responsible for that shift

were dso identified.

In order to identify where sgnificant acreage changes had occurred, the marsh was divided into four
aress based upon segment location: Upper, Trangtion, Lower and Reference (Alviso Slough) (Figure
2). The Upper and Lower segments are upstream and downstream from the Trangtion segments,
respectively. The Trangtion Segments include: 5, 9, 10, 11, 14 and 20. Upper Segments include: 12,
13, 15, 16, 17, 18, 19, 21, 24, 25 and 26. Lower Segments include: 1, 2, 3, 4, 8, 22 and 23. The
Reference Areaincludes Segments 27, 28, 29 and 30.

A comparison of marsh habitat acreage data from all years (1989, 1991, 1994, 1996, 1997, 1998, and
1999) by location (reach) was aso conducted to compare trends between reaches. Thefina step in the
andysis overlad the originad data from previous years mapping onto 1999 data to determine, with
confidence, the location and Size of change in marsh area and habitat type.

Dominant species and habitat maps were produced for each of the four segment locations. The maps

were produced from an ArcView database and the full mapping for al segments by plant species
asociation is available dectronicaly.

15



RESULTS

GENERAL SPECIESDISTRIBUTION, DOMINANT SPECIES CATEGORY AND
HABITAT ACREAGESFOR 1999

Main Study Area

Information is presented below by dominant species categories, which is a didtillation of vegetation
associations, and by habitat types. The spatid distribution of dominant plant species and habitat types
are presented in Appendix A for each of the three segment locations within the Main Study Area
(figure scaes vary). Acreages of habitat types and associated dominant plant species for the Main
Study Areaare shown in Table 3 and Figure 3. The dominant plant species within the Main Study Area
is dkdi bulrush comprising just over 600 acres. The next prevaent species is pickleweed (Table 3).
Thetotal acreage of salt marsh habitat and brackish marsh habitat within the Main Study Areaiis nearly

equd.

The Upper Reach segments consst primarily of brackish marsh associations dominated by either pure
dands or mixtures of akali bulrush and peppergrass (Lepidium latifolium). The Lower Reach
segments (nearest San Francisco Bay) are comprised primarily of single-species stands or mixtures of
the sdt marsh plant species dominated by pickleweed and cordgrass. Although cordgrass and
pickleweed are most abundant in the Lower Reach segments, both occur at low abundance even in the
furthest upstream segments (although sometimesin patches too smal to map). Conversaly, peppergrass
is mogt abundant in the Upper Reach segments, but is found throughout most of the Main Study Area

(Appendix A).

Alkdi bulrush occurs throughout the Main Study Area and is the dominant plant species of brackish
marsh associaions in South San Francisco Bay. Each year, dkai bulrush has been mapped further
downstream (closer to San Francisco Bay). The furthest downstream patches of akdi bulrush were
observed within Segments 3 and 22 of the Lower Reach segments area. Please note that in previous
years the plant was identified as Scirpus robustus according to avalable conscription of the time
(Munns and Keck 1968). The species, S. maritimus, was in fact not a recognized taxa in Cdifornids
florauntil 1993 after taxonomic changes were made as part of the development of the Jepson Manual;
the plant was previoudy identified as S. fluviatilis with a described distribution restricted to lakes and
rivers. Inredlity, both S robustus and S maritimus were observed and collected within the  study
area during the 1999 fidld surveys. The current and previous floras describe the plants as readily
hybridizing with each other. In the current sudy we have chosen to describe the plant as S maritimus.
This species is very widespread and is known from the south and east coast regions of the United
States.

The Trandtion Reach, intermediate to the furthest upstream and downstream reaches, supported

sgnificant amounts of both sat and brackish species, which sometimes occurred in mixed associations
(both brackish and salt marsh plant species).
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Table3. Summary of Acreages of the Main Study Area by dominant species categoriesfor
each habitat type for 1999.

Dominant Species Category 1999

Salt Marsh Categories

Cordgrass 102.05
Pickleweed 483.79
Pickleweed-Cordgrass Mix 87.67
Pickleweed-Spearscae Mix 0.00
Alkdi Heeth 1.40
Gumplant 37.12
Peripheral Ha ophytes 45.69
Misc Others 14.57
Sub-Total 772.29

Brackish Marsh Categories

Alkdi Bulrush 606.78
Peppergrass 162.49
Spearscale 8.11
Misc. Others 0.00
Sub-Total 777.38

Freshwater Marsh Categories

Cdifornia Bulrush 69.90

Cattal 4.24

Misc 0.04

Sub-Total 74.18
Upland

Sub-Total 26.95

TOTAL 1650.80
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Figure 3. Dominant Species Categories of the Main Study Area by Habitat Type, 1999.
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Dominant Species Categories of the Reference Area by Habitat Type, 1999.
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Reference Area (Alviso Slough)

The spatid distribution of dominant plant species and habitat types in the Reference Area are presented

in Appendix A. The 1999 plant association acreages for Alviso Sough are presented in Table 4. Plant

gpecies within Alviso Sough have a generd didribution smilar to the Main Study Area in terms of a
progresson from freshwater to brackish and sdt marsh species extending from upstream to the

confluence with Coyote Creek. Acreage of habitat types and associated dominant plant species are
shown in Figure 4. Alkdi Bulrush is the dominant plant soecies within the Reference Area and brackish
marsh habitat comprises dmost twice the area of salt marsh habitat.

Brackish marsh associations occur throughout Alviso Sough. Petches of dkali bulrush were observed
as far downstream as Segment 30. Aside from a trace amount, peppergrass was not observed further
downstream than Segment 29. Freshwater marsh associations are concentrated in the upstream
portions of the dough and salt marsh associations dominate the downstream aress.

Table4. Summary of Acreages of the Reference Area (Alviso Slough) by dominant species
categoriesfor each habitat typefor 1998 and 1999.

Dominant Species Category 1999

Salt Marsh Categories

Cordgrass 15.33
Pickleweed 30.32
Peripheral Haophytes 12.67
Misc. Others 0.87
Sub-Total 59.19
Brackish Marsh Categories
Alkdi Bulrush 135.38
Peppergrass 22.51
Spearscale 0.06
Misc. Others 0.00
Sub-Total 157.95
Freshwater Marsh Categories
CdiforniaBulrush 20.55
Cattall 11.38
Misc. Others 0.00
Sub-Total 31.93
Upland
Sub-Total 18.16
TOTAL 267.23
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TEMPORAL AND SPATIAL CHANGESIN MARSH HABITAT ACREAGESFROM 1989
THROUGH 1999

This comparison does not include data from segments 24, 25 and 26 of the Main Study Area and
segment 27 of the Reference Area since they were not mapped in 1989. Additiondly, the Reference
Areawas not mapped in 1994, therefore only data from the Main Study Areaiin 1994 isincluded in the
evauation.

New Marsh Formation (Salt, Brackish, and Freshwater Marsh Combined)

The surface area of marsh habitat has increased by 202.02 acres between 1989 and 1999 within the
Man Study Area (Upper, Trangtion and Lower Reaches Combined) (Table 5). During the same
period, 52.78 acres of new marsh has formed in the Reference Area (Table 6). This equatesto a 15 %
increase in marsh acreage in the Main Study Area and a 31 % increase in marsh acreage in the
Reference Area between 1989 and 1999.

Marsh area remained relatively stable from 1989 to 1996 in the Main Study Area (Figure 5). The
formation of new marsh habitat in the Main Study Area has occurred primarily between 1996 and 1999
in the Lower Reach and between 1996 and 1998 in the Trangtion Reach (Figure 5). Gainsin marsh
area were greatest in the Lower Reach (151.7 acres), while 49.5 acres of new marsh formation has
occurred in the Trangtion Reach. The mgority of new marsh formation has occurred in the Lower
Reach aong the north side of Coyote Creek, immediately upstream of Caaveras Point. Marsh areahas
increased steadily in the Lower Reach from 1996 through 1998 while the rate of increase appears to
have dowed from 1998 to 1999 (Figure 5). In contrast, in the Trangtion Reach marsh area increased
from 1996 through 1998 and remained comparable between 1998 and 1999 (Figure 5). Compared to
the lower and Trangtion Reaches, the surface area of marsh in the Upper Reach has remained relatively
gtable throughout this 10 year study (Figure 5).

A trend of increasing marsh area is apparent from 1989 through 1999 in the Reference Area (Figure 5).
The mgjority of this new marsh formation appears to have occurred between 1991 and 1996 and
between 1997 and 1999.

Changesin Surface Area of Salt, Brackish, and Freshwater Marsh Habitats

Salt Marsh. Figures 6, 7 and 8 present the surface area of sdt, brackish and freshwater marsh
habitats by year and location (reach). Salt marsh area decreased in the Transition Reach from 1989
through 1999; the rate of decrease in salt marsh area was grestest between 1989 and 1994 (Figure 6).
Conversdly, st marsh area increased in the Lower Reach from 1989 through 1999 with most of the
increase occurring between 1996 and 1999. Much of this increase was likely due to new marsh
formation adong the north sde of Coyote Creek downstream of Caaveras Point. Despite these
changes, there has been little net change in salt marsh habitat area from 1989 to 1999 within the Main
Study Area (Table 5). The net sability of sdt marsh areawithin the Main Study Areawas due to gains
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from new marsh formation in the Lower Reach baancing losses in the Trandtion Reach (due to
conversion) (Figure 6).
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Table5. Summary of Acreages of the Main Study Area by dominant species categoriesfor
each habitat typefor 1989 and 1999*.

Dominant Species Category 1989 1999 Change

Salt Marsh Categories

Cordgrass 70.70 102.05 31.35
Pickleweed 499.00 45458 -44.42
Pickleweed-Cordgrass Mix 17160 116.62 -54.98
Pickleweed-Spearscale Mix 0.00 0.00 0.00
Alkdi Heath** 0.00 1.40 1.40
Gumplant** 0.00 3712 3712
Periphera Haophytes 2700 4420 17.20
Misc Others 0.00 1457 1457
Sub-Total 768.30 77054 224
Brackish Marsh Categories
Alkdi Bulrush 49340 59852 105.12
Peppergrass 70.90 14482 73.92
Spearscale** 0.00 7.88 7.88
Misc. Others 0.00 0.00 0.00
Sub-Total 564.30 751.22 186.92
Freshwater Marsh Categories
Cdifornia Bulrush 0.00 10.69  10.69
Caitall 0.00 2.13 2.13
Misc 0.00 0.04 0.04
Sub-Total 0.00 1286 12.86
TOTAL 1332.60 1534.62 202.02

* Comparison conssts of segments 1-5, 8-23 only since segments 24-26 were not mapped in 1989.

** Not a dominant species category in 1989.
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Table6. Summary of Acreages of the Reference Area (Alviso Slough) by dominant species
categoriesfor each habitat type for 1989 and 1999.*

Dominant Species Category 1989 1999 Change

Salt Marsh Categories

Cordgrass 2790 1533 -1257
Pickleweed 46.80 30.32 -16.48
Peripheral Halophytes 2.60 1266  10.06
Misc. Others 0.00 0.87 0.87

Sub-Total 7730 59.18 -18.12

Brackish Marsh Categories

Alkdli Bulrush 7710 127.99 50.89
Peppergrass 1760 2126  3.66
Spearscale* * 000 006 006
Misc. Others 000 000 000
Sub-Total 9470 14931 5461

Freshwater Marsh Categories

CdiforniaBulrush 0.20 15.87 15.67
Cattail 0.00 0.62 0.62
Misc. Others 0.00 0.00 0.00
Sub-Total 0.20 16.49 16.29
TOTAL 17220 22498 52.78

* Comparison conssts of segments 1-5, 8-23 only since segments 24-26 were not mapped in 1989.

** Not a dominant species category in 1989.
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Figure5. Total Marsh Acreage Comparison From 1989 to 1999 by Reach
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*No data collected in 1994 within Reference Area.

A relaively large loss of sat marsh habitat has occurred in the Reference Area between 1989 and 1999
(Table 6). In contrast to the Main Study Area this loss was not compensated for by new sdt marsh
formation. Approximately 18.1 acres of sdt marsh (24% of the total) has been lost during the study
period and is comprised of losses in both pickleweed and cordgrass dominated categories. Similar to
the pattern in the Trangtion Reach, the mgority of sdt marsh decline in the Reference Reach occurred
early in the study period between 1991 and 1996 (Figure 6).

Brackish and Freshwater Marsh. Overdl large gains in brackish marsh area have occurred in both
the Main Study Area and in the Reference Area between 1989 and 1999 (Tables 5 and 6). During this
period, brackish marsh increased by 186.92 acres (33% increase) and 54.61 acres (58% increase) in
the Main Study and Reference Areas, respectively (Tables 5 and 6). This is due mostly to marsh
converson (from salt to brackish) but some new marsh has formed as brackish marsh.  Furthermore,
freshwater marsh has increased in the Main Study and Reference Area during the past 10 years (Tables
5and 6).

In the Main Study Area, gains in brackish marsh have occurred in the lower and Trangtion Reaches
while brackish marsh has decreased dightly in the Upper Reach (Figure 7). Expansion of brackish
marsh area occurred primarily between 1997 and 1998 in the Upper Reach and from 1991 through
1998 in the Trandtion Reach (Figure 7). Similar to the Trangtion Reach, the Reference Area exhibited
atrend of increasing brackish marsh area from 1991 through 1999 (Figure 7). Increases in freshwater
marsh habitat have only occurred in the Upper Reach (Figure 8).
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Figure 6. Salt Marsh Acreage Comparison From 1989 to 1999 by Reach.
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Figure7. Brackish Marsh Acreage Comparison From 1989 to 1999 by Reach
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*No data collected in 1994 within Reference Area.

Temporal Changesin Proportional Area of Salt and Brackish Marsh Between the Main
Study and Reference Areas

The proportion of sdt marsh and brackish marsh area relative to total marsh area was compared
between the Main Study and Reference Areas from 1989 through 1999 (Figures 9 and 10). This
andysis was performed to control for the difference in Sze between the Main Study and Reference
Aress. The percentage of sdt marsh in the Main Study Area remained relaively stable from 1989
through 1997 with a dight decline between 1997 and 1998 (Figure 9). The decline in the percentage of
st marsh was greater in the Reference Area compared to the Main Study Area (Figure 9). The
majority of this decline occurred between 1991 and 1996 in the Reference Area

Similar to the pattern for sat marsh habitat, the percentage of brackish marsh has been relatively stable
in the Main Study Area (Figure 10). Within the Main Study Area, dight increases in the proportion of
brackish marsh were observed between 1989 and 1991 and between 1997 and 1998 (Figure 10). A
larger increase in the percentage of brackish marsh was observed in the Reference Area compared to
the Main Study Area (Figure 10). Thisincrease in the proportion of brackish marsh area to total marsh
area in the Reference Area occurred primarily between 1991 and 1996 (Figure 10) during the same
time that the percentage of salt marsh declined (Figure 9).
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Figure9. Temporal Comparison of the Proportion of Salt Marsh Area Between the Main
Study and Reference Areas
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Figure 10. Tempora Comparison of the Proportion of Brackish Marsh Area Between the
Main Study and Reference Areas

70

Percentage of Salt Marsh

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 ] Study Area

Year B Reference Area

*No data collected in 1994 within Reference Area

28



Table7. Detailed Evaluation of Changesin Acreage for Segment L ocations by Habitat Type
and for Total Marsh, 1989 to 1999.

Segment

Location

Change
in SM
acreage

Change
in BM
acreage

Change
in FM
acreage

Changein
™
acreage

Evaluation Results

Lower

9391

62.27

156.61

Increase in TM acreageis dueto
approximately 107 acres of new marsh
formation primarily in segments 3 and 4.
This increased marsh area has formed as
both SM and BM habitat which, in part,
accounts for the increase in these habitat
types. Approximately 46 acres of SM has
converted to BM during the past ten
years. The remaining change is due to
mapping error.

Net SM Conversion: 46 acres.

Trangtion

-94.5

1334

.02

39.25

Approximately 8 acres of the TM acreage
increase is due to new marsh formation.
Approximately 76 acres of salt marsh has
converted to BM, primarily in segments 5,
9, 10, and 11. The remaining changeis
due to mapping error.

Net SM Conversion: 76 acres.

Upper

297

12.85

30.42

Theincreasein TM acreage is dueto
approximately 9 acres of new marsh
formation primarily in FM habitat.
Approximately 5 acres of SM has
converted to BM while approximately 14
acres of BM has converted to FM. The
remaining change is due to mapping error.
Net SM Conversion: 5 acres.

Reference

-18.12

54.65

16.23

58.50

Approximately 13 acres of new marsh
formation has occurred during the past ten
years. This marsh has formed primarily
as BM and FM habitats. Approximately
12 acres of SM has converted to BM.
The remaining change is due to mapping
error.

Net SM Conversion: 12 acres.

Total SM Conversion Within Main Study Area= 127 acres (17% of total SM acreage in 1989).
Total SM Conversion Within Reference Area = 12 acres (16% of total SM acreagein 1989).
SM = Salt Marsh Habitat

BM = Brackish Marsh Habitat
FM = Freshwater Marsh Habitat

TM =Total Marsh Area
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Habitat Type Conversion

Detailed comparisons of the original overlays were conducted to isolate specific areas of mgor
habitat change. Table 7 provides a summary of the segment locations and detailed explanation of
sgnificant shifts in acreage by marsh type and/or total marsh area from 1989 to 1999. A totad of 127
acres of sat marsh habitat (17% of the total) has converted to brackish marsh habitat from 1989 to
1999 in the Main Study Area. During the same period, 12 acres (16% of the total) of salt marsh habitat
has converted to brackish marsh in the Reference Area. The remaining change indicated by the GIS
data could not be accounted for through detailed andlyss of the origind data. That difference can be
accounted for in minor changes within segments and mapping associated errors.
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DISCUSSION

There has been an apparent increase of approximately 226.3 acres of overal mapped area (202 acres
of new marsh formation) since 1989 in the Main Study Area. The mgority of thisincrease is gpparently
due to sediment accretion along dough and river channds and subsequent vegetation colonization to
form new marsh area. Some portion of the overdl increase in marsh area can be attributed to
differences in mapping methodology between years and errors associated with previous years
photography that is not orthorectified.

The mgority of new marsh formation continues to occur & Cdaveras Point located at the mouth of
Coyote Creek, which has increased 16 acres during the past year and has grown in size from 173 acres
in 1989 to 279 acresin 1999 (a 62% increase). It appears that substantial sedimentation aong Coyote
Creek has raised the devations to a leve that will support the growth of emergent plant species. This
newly formed mud flat continues to be colonized by dkali bulrush and a mixture of cordgrass and annua
pickleweed (Salicornia europaea).

Within the Main Study Area from 1989 to 1999, losses in sdt marsh habitat from conversion to other
habitat types were balanced by increases in sdt marsh habitat via new marsh formation. The mgority of
sdt marsh habitat converson during the past ten years is attributed to losses of pickleweed and
cordgrass dominated associations and increases in akdi bulrush and peppergrass associations.
Furthermore, the mgority of this converson has occurred in the trangtion segments where nearly 100
acres of sdt marsh habitat has become brackish marsh habitat during the past ten years. Conversaly
during the past year approximately 2 acres of st marsh conversion has occurred within the lower reach
segments. Much of the conversion that has occurred during the past two years has been in an area
digoint from brackish marsh habitat within the trangtion segments; prior to 1998 most of the converson
was occurring farther upstream.

Higoricdly, the channd-sde vegeation in the trangtion segments may have been dominated by
brackish (alkai bulrush) and freshwater species (tules) (SFEI 1999). Sdt marsh habitat dominated by
pickleweed and sdt grass occurred inland of the channel-side vegetation (SFEI 1999). Those areas
that were higtoricaly salt marsh have likely been converted to sdt ponds. Many of the existing marshes,
located between the levees of the sdt ponds and the channels, have formed more recently. The remnant
historical marshes are likely the present day channd-side brackish marshes that were a one time small
patches of low sdinity marshes within alarger matrix of st marsh habitat (SFEI 1999).

The entire Sudy area is becoming less sdline. No freshwater marsh habitat was mapped prior to 1996
in the Main Study Area or Alviso Slough (except in Segments 26 and 27 which are not part of the 10-
year analysis) but now accounts for 29 acres within the study area. Newly forming freshwater marsh
habitat in both the Reference Area and the Main Study Area indicates that freshwater influences are
affecting dl marshes of South San Francisco Bay.  Additiondly, the net sdt marsh acreage within the
Main Study Area has been relatively stable during this period of increased freshwater impacts. The
gability in sat marsh acreage during a period when sat marsh conversion is predominate is due to a
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sSmultaneous increase in new sat marsh via marsh formation and a loss of sat marsh habitat because of
conversion to brackish marsh.

The relaive change in habitat types through time is smilar between the Main Study Area and Reference
Area dthough the rate of new marsh formation in the Main Study Area has exceeded that of the
Reference Area This indicates that much of the conversion of sat marsh habitats within the South San
Francisco Bay area is likely driven by large-scde influences that are affecting the entire syssem.  This
includes both environmental (eg. precipitation and ddta outflows) and anthropogenic factors (eg.
WPCP discharge and dry-wesather releases from local reservoirs).

The impact from the WPCP plant can only be determined from a study that includes both physical and
biologica variables that could be influenced by the freshwater flows. This study has been expanded to
include the collection of surface water and porewater data and will be presented in a report a a later
date. Furthermore, improvements in the base materids used to conduct the vegetation mapping will
alow future datasets to be more accurate and better reflect real changes in the South Bay Marshes. As
the physica data currently being collected is combined with the information presented in this report, the
relaive influences of environmentd factors and anthropogenic factors can be better understood.
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APPENDIX B
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Table B1. Acreage Summary of Segment 1 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Sat marsh Vegetation 1989 1994/1995 1996 1997 1998 1999
Pickleweed 0.0 19.2 27.2 18.6 12.2 12.6
Cordgrass 8.2 14 34 2.8 9.7 194
Pickleweed-Cordgrass Mix 14.1 0.0 0.0 13 0.8 0.7
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkdi Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.2 0.1
Peripheral Halophytes 2.6 15 1.7 0.0 14 143
Total Saline Dominant Species: 24.9 22.1 32.3 22.7 24.3 16.8
Brackish Marsh Vegetation

Alkai Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Peppergrass 0.0 0.0 0.0 0.0 0.0 0.0
Spearscale 0.0 0.0 0.0 0.0 0.0 0.0
Total Brackish Dominant Species. 0.0 0.0 0.0 0.0 0.0 0.0
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 24.9 22.1 32.3 23.3 26.5 27.1

Table B2. Acreage Summary of Segment 2 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year
Salt Marsh Vegetation 1989 1994/1995 1996 1997 1998 1999
Pickleweed 26.0 355 329 324 19.0 36.2
Cordgrass 133 23 2.6 3.8 105 31
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 1.8 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkdi Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.2 0.2 14
Peripheral Halophytes 3.6 2.3 1.6 0.7 3.0 2.2
Total Saline Dominant Species: 42.9 40.1 37.1 38.9 32.7 42.9
Brackish Marsh Vegetation
Alkali Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Peppergrass 0.0 0.0 0.0 0.0 0.0 0.0
Spearscale 0.0 0.0 0.0 0.4 7.5 0.0
Total Brackish Dominant Species. 0.0 0.0 0.0 0.4 7.5 0.0
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0




|Total Segment Acreage | 429 40.1 371 398 412 429 |

Table B3. Acreage Summary of Segment 3 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year
Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 97.8 114.7 79.3 95.1 98.7 118.3
Cordgrass 4.1 34 29 86.6 104.6 15.9
Pickleweed-Cordgrass Mix 68.6 69.9 98.8 36.0 0.0 83.3
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.1 0.0
Alkai Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 2.7 6.9 2.2 7.4
Peripheral Halophytes 2.4 2.6 1.1 1.0 2.2 1.0
Total Saline Dominant Species. 1729 190.6 184.8 225.6 207.9 225.9
Brackish Marsh Vegetation
Alkali Bulrush 0.0 0.0 0.1 0.0 49.2 50.8
Peppergrass 0.0 11 12 16 18 18
Spearscale 0.0 0.0 0.0 0.2 2.4 0.0
Total Brackish Dominant Species. 0.0 1.1 1.3 1.8 53.4 52.6
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 172.9 191.7 212.3 227.6 262.1 2785

Table B4. Acreage Summary of Segment 4 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year
SaAt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1998
Pickleweed 36.4 43.9 46.9 50.1 49.8 47.6
Cordgrass 6.1 6.2 4.1 5.6 12.9 17.1
Pickleweed-Cordgrass Mix 7.0 34 6.2 7.2 0.1 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkdi Heath 0.0 0.0 0.0 0.2 0.0 0.0
Gumplant 0.0 0.0 0.0 0.1 0.1 0.1
Peripheral Halophytes 04 24 15 0.9 1.7 1.7
Total Saline Dominant Species: 49.9 55.9 58.7 64.0 64.6 66.5
Brackish Marsh Vegetation
Alkali Bulrush 0.0 0.0 0.0 0.0 4.8 6.2
Peppergrass 0.0 0.1 0.1 0.1 0.1 0.2
Spearscale 0.0 0.0 0.0 0.0 0.1 0.0
Total Brackish Dominant Species. 0.0 0.1 0.1 0.1 5.0 6.4
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattalil 0.0 0.0 0.0 0.0 0.0 0.0




Total Freshwater Dominant Species. 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 49.9 56.0 58.8 64.0 70.0 72.9
Table B5. Acreage Summary of Segment 5 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY
Year

Sat Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 60.5 62.3 30.5 36.6 344 41.6
Cordgrass 0.5 2.1 2.7 2.6 3.6 2.3
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 11
Pickleweed-Spearscale Mix 0.0 0.0 189 7.9 2.2 0.0
Alkali Hesath 0.0 0.0 0.0 0.2 0.1 04
Gumplant 0.0 0.0 0.0 0.1 0.0 0.3
Peripheral Halophytes 12 0.5 1.0 2.8 3.2 6.6
Total Saline Dominant Species. 62.2 64.9 53.1 50.2 435 52.3
Brackish Marsh Vegetation

Alkdi Bulrush 25.1 19.2 27.3 321 34.7 32.0
Peppergrass 0.0 14 24 4.0 34 7.5
Spearscae 0.0 0.0 0.0 3.7 13.6 0.1
Total Brackish Dominant Species: 25.1 20.6 29.7 39.8 51.7 39.6
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 87.3 85.5 82.8 90.0 95.5 92.4
Table B6. Acreage Summary of Segment 8 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year

Sat Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 188.0 204.9 151.8 1494 101.0 1711
Cordgrass 131 117 10.2 225 98.0 325
Pickleweed-Cordgrass Mix 23.0 0.0 49.0 25.7 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 6.6
Alkali Heseth 0.0 0.0 0.0 0.1 0.0 0.3
Gumplant 0.0 0.0 0.0 23.8 25.7 275
Peripheral Halophytes 7.1 10.0 7.8 6.0 10.1 7.7
Total Saline Dominant Species: 231.2 226.6 218.8 227.5 234.8 245.7
Brackish Marsh Vegetation
Alkai Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Peppergrass 0.0 0.0 0.0 0.0 0.0 0.0
Spearscae 0.0 0.0 0.0 0.1 0.0 0.0
Total Brackish Dominant Species. 0.0 0.0 0.0 0.1 0.0 0.0
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
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Cattall 0.0 0.0 0.0 0.0 0.0 0.0

Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0

Total Segment Acreage 231.2 226.6 215.3 228.5 239.1 248.7
Table B7. Acreage Summary of Segment 9 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year
Sat Marsh Vegetation 1989 1994/1995 1996 1997 1998 1999
Pickleweed 3.6 324 154 10.0 35 6.0
Cordgrass 3.7 8.9 3.9 6.6 7.3 4.7
Pickleweed-Cordgrass Mix 42.6 0.0 0.0 0.1 0.0 0.2
Pickleweed-Spearscale Mix 0.0 0.0 0.3 0.5 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.0 0.0 0.2
Gumplant 0.0 0.0 0.0 0.0 0.0 0.3
Peripheral Halophytes 1.2 0.0 1.3 2.0 3.3 1.2
Total Saline Dominant Species: 51.1 41.3 20.9 19.2 14.1 12.6
Brackish Marsh Vegetation
Alkai Bulrush 16.3 222 44.1 50.4 67.0 60.2
Peppergrass 0.6 13 12 17 14 4.3
Spearscale 0.0 0.0 0.0 15 1.9 3.0
Total Brackish Dominant Species: 16.9 235 45.3 53.6 70.2 67.5
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 68.0 64.8 66.2 72.8 84.8 80.2
Table B8. Acreage Summary of Segment 10 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY
Year

Sat Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 21.7 21.2 10.7 104 8.3 8.0
Cordgrass 6.8 110 8.4 8.3 5.0 3.6
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.1
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.0 0.0 0.1
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.7 0.1 0.6 0.6 1.6 0.2
Total Saline Dominant Species: 29.2 32.3 19.7 19.3 149 12.0
Brackish Marsh Vegetation
Alkai Bulrush 9.7 5.8 19.7 24.3 371 30.7
Peppergrass 2.6 17 1.6 2.7 1.7 6.3
Spearscale 0.0 0.0 0.0 0.0 0.1 0.0
Total Brackish Dominant Species: 12.3 7.5 21.3 27.0 38.9 37.0

Freshwater Marsh Vegetation
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Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 41.5 39.8 41.0 46.3 53.8 49.0

Table B9. Acreage Summary of Segment 11 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 2.0 22.4 3.8 3.9 1.7 18
Cordgrass 0.0 1.6 11 11 1.6 2.3
Pickleweed-Cordgrass Mix 16.3 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.1 0.1 0.1 0.0
Alkali Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 1.0 0.0 0.4 11 15 1.2
Total Saline Dominant Species. 19.3 24.0 54 6.4 5.0 5.3
Brackish Marsh Vegetation

Alkdi Bulrush 51.2 48.8 63.4 64.4 68.5 68.6
Peppergrass 7.7 5.6 6.2 6.4 55 8.2
Spearscae 0.0 0.0 0.0 12 1.1 0.4
Total Brackish Dominant Species. 58.9 54.4 69.6 72.0 75.1 77.2
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattail 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species. 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 78.2 78.4 75.1 78.3 80.7 82.6

Table B10. Acreage Summary of Segment 12 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 0.1 2.8 0.6 20 0.7 0.5
Cordgrass 0.0 2.2 11 11 0.7 14
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 04 0.0 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.1 0.1 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Periphera Halophytes 0.6 0.0 1.7 11 10.2 2.2
Total Saline Dominant Species. 0.7 5.0 3.8 4.3 11.7 4.1
Brackish Marsh Vegetation

Alkdi Bulrush 28.2 21.2 254 24.1 19.0 24.2
Peppergrass 135 175 13.4 14.5 9.9 18.4
Spearscae 0.0 0.0 0.0 0.5 1.7 0.0
Total Brackish Dominant Species: 41.7 38.7 38.8 39.0 30.6 42.6




Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.1 0.2 0.2 0.2
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species. 0.0 0.0 0.1 0.2 0.2 0.2
Total Segment Acreage 424 43.7 43.1 43.5 445 474

Table B11. Acreage Summary of Segment 13 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year
Sdt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 0.0 04 0.8 15 0.5 04
Cordgrass 0.0 0.4 0.0 0.2 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.7 0.0 11.9 7.0 4.0 3.1
Total Saline Dominant Species. 0.7 0.8 12.7 8.7 45 3.5
Brackish Marsh Vegetation
Alkai Bulrush 95.4 79.9 84.8 73.3 63.0 76.1
Peppergrass 135 26.8 13.6 15.6 7.0 236
Spearscale 0.0 0.0 0.0 9.0 6.3 0.0
Total Brackish Dominant Species: 108.9 106.7 98.4 97.9 76.2 99.7
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 13 4.3 26.7 7.0
Cattall 0.0 0.0 0.1 0.2 1.8 11
Total Freshwater Dominant Species: 0.0 0.0 14 4.5 28.5 8.1
Total Segment Acreage 109.6 107.5 113.0 1155 117.5 1194

Table B12. Acreage Summary of Segment 14 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 5.8 8.9 34 25 0.5 0.8
Cordgrass 2.9 2.0 15 2.1 2.0 2.4
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkai Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.7 0.0 0.0 0.6 0.9 14
Total Saline Dominant Species. 9.4 10.9 4.9 5.2 34 4.6
Brackish Marsh Vegetation

Alkali Bulrush 10.8 9.1 14.6 16.7 19.3 185
Peppergrass 0.0 0.1 0.5 0.3 0.1 0.4
Spearscale 0.0 0.0 0.0 0.0 0.1 0.0
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Total Brackish Dominant Species: 10.8 9.2 15.1 17.0 194 18.9
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 20.2 20.1 20.0 22.2 23.0 23.9

50




Table B13. Acreage Summary of Segment 15 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 13 4.2 2.0 12 0.4 0.2
Cordgrass 0.8 0.7 04 0.7 0.2 0.8
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Hesth 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.2 0.0 0.2 0.5 0.8 14
Total Saline Dominant Species. 2.3 4.9 2.6 2.3 1.3 24
Brackish Marsh Vegetation

Alkali Bulrush 20.1 16.7 18.7 17.9 225 21.0
Peppergrass 7.5 7.8 7.4 8.9 6.1 9.8
Spearscale 0.0 0.0 0.0 0.3 0.7 0.2
Total Brackish Dominant Species: 27.6 245 26.1 27.2 29.2 310
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 29.9 29.4 28.7 29.5 30.5 334

Table B14. Acreage Summary of Segment 16 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Sdt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 0.0 0.1 0.0 0.0 0.0 0.0
Cordgrass 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.2 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 1.0 0.0 2.1 11 0.0 0.0
Total Saline Dominant Species. 1.0 0.1 2.1 1.3 0.0 0.0
Brackish Marsh Vegetation

Alkali Bulrush 36.5 29.4 35.3 18.2 33.6 28.2
Peppergrass 8.7 14.8 5.7 4.0 0.9 12.3
Spearscale 0.0 0.0 0.0 18.4 5.7 0.9
Total Brackish Dominant Species: 45.2 44.2 41.0 40.6 40.2 414
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.3 0.7 0.7 3.4
Cattall 0.0 0.0 0.1 0.1 0.0 0.1
Total Freshwater Dominant Species: 0.0 0.0 04 0.9 0.7 3.5
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|Tota| Segment Acreage

46.2

44.2

43.3

42.8

54.8
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Table B15. Acreage Summary of Segment 17 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year
Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 19 1.8 0.0 0.1 0.0 0.0
Cordgrass 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Hesth 0.0 0.0 18 2.3 0.0 0.1
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.7 0.0 0.0 11 2.1 1.8
Total Saline Dominant Species. 2.6 1.8 1.8 3.5 2.1 1.9
Brackish Marsh Vegetation
Alkali Bulrush 90.7 75.9 75.9 445 76.3 68.3
Peppergrass 7.8 18.9 18.9 21.1 11.7 28.4
Spearscale 0.0 0.0 0.0 26.6 11.3 0.0
Total Brackish Dominant Species: 98.5 94.8 94.8 92.2 99.3 96.7
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.0 0.0 0.0 0.1 0.1 0.0
Cattall 0.0 0.0 0.0 0.5 0.7 0.2
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.5 0.8 0.2
Total Segment Acreage 101.1 96.6 96.6 98.4 104.2 102.8

Table B16. Acreage Summary of Segment 18 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 11 21 0.8 16 0.6 0.7
Cordgrass 0.0 0.0 0.0 0.2 0.2 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.9 0.1 13 0.0
Alkali Heath 0.0 0.3 0.2 0.3 0.1 0.1
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.6 0.0 0.6 1.7 1.3 2.1
Total Saline Dominant Species. 1.7 24 2.5 3.8 3.5 2.9
Brackish Marsh Vegetation

Alkali Bulrush 32.7 24.2 24.7 134 24.2 22.9
Peppergrass 35 8.2 7.2 4.4 2.3 8.3
Spearscale 0.0 0.0 0.0 12.1 3.7 1.3
Total Brackish Dominant Species: 36.2 32.4 31.9 29.8 30.3 32.5
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.1 0.1 0.0
Cattall 0.0 0.0 0.0 0.1 0.2 0.1
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.2 0.3 0.1
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|Total Segment Acreage | 379 338 38.7 36.8 37.4 38.3




Table B17. Acreage Summary of Segment 19 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 6.2 11.3 2.6 21 30.9 1.0
Cordgrass 0.0 2.0 1.8 0.7 0.1 0.5
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.2
Pickleweed-Spearscale Mix 0.0 0.0 0.6 0.0 0.2 0.0
Alkdi Heath 0.0 04 0.2 0.3 0.0 0.1
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.5 0.5 15 2.8 3.6 3.8
Total Saline Dominant Species: 6.7 14.2 6.7 6.0 34.8 5.6
Brackish Marsh Vegetation

Alkali Bulrush 314 221 314 24.7 0.8 29.8
Peppergrass 0.5 11 17 12 0.3 2.0
Spearscale 0.0 0.0 0.0 4.2 0.5 0.1
Total Brackish Dominant Species. 319 23.2 33.1 30.1 17 319
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.2 0.0 0.6
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.2 0.0 0.6
Total Segment Acreage 38.6 37.1 40.8 36.2 36.5 38.4

Table B18. Acreage Summary of Segment 20 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 29.6 31.2 18.6 18.2 14.6 144
Cordgrass 0.0 6.0 5.0 4.7 2.7 2.6
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.1 0.2 0.0
Alkdi Heath 0.0 0.0 0.0 0.1 0.2 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.3 0.0 1.6 1.4 3.3 19
Total Saline Dominant Species: 29.9 37.2 25.2 24.5 20.9 18.9
Brackish Marsh Vegetation

Alkali Bulrush 25.3 17.0 28.9 331 36.4 379
Peppergrass 2.0 3.3 25 3.3 3.3 6.7
Spearscale 0.0 0.0 0.0 0.1 2.1 0.1
Total Brackish Dominant Species. 27.3 20.3 314 36.5 41.8 44.7
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
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|Tota| Segment Acreage

57.2

57.5

56.7 61.1 62.7 63.6

Table B19. Acreage Summary of Segment 21 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Sdt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 29 7.0 2.9 2.2 11 1.0
Cordgrass 04 04 0.3 04 0.3 0.2
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Heath 0.0 0.0 0.0 0.1 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.8 3.6 0.4 0.3 1.2 0.9
Total Saline Dominant Species. 4.1 11.0 3.6 2.9 2.7 2.1
Brackish Marsh Vegetation

Alkali Bulrush 20.0 151 18.6 17.6 20.6 20.5
Peppergrass 3.0 3.7 4.1 5.3 34 6.2
Spearscae 0.0 0.0 0.0 0.8 1.0 0.2
Total Brackish Dominant Species. 23.0 18.8 22.7 23.7 24.9 26.9
Freshwater Marsh Vegetation

CdiforniaBulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattail 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species. 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 27.1 29.8 26.7 26.7 27.6 29.0

Table B20. Acreage Summary of Segment 22 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY
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Year

Sat Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 5.2 6.1 7.3 6.1 5.2 5.0
Cordgrass 2.3 3.9 2.8 3.8 35 4.7
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0 0.1
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkai Heath 0.0 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Periphera Halophytes 0.4 0.0 0.5 1.0 1.2 0.9
Total Saline Dominant Species. 7.9 10.0 10.6 109 9.9 10.7
Brackish Marsh Vegetation

Alkdi Bulrush 0.0 0.0 0.2 1.0 29 2.7
Peppergrass 0.0 0.2 04 0.0 0.0 0.6
Spearscae 0.0 0.0 0.0 0.0 0.0 0.0
Total Brackish Dominant Species. 0.0 0.2 0.6 1.0 2.9 3.3
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattail 0.0 0.0 0.0 0.0 0.0 0.0




Total Freshwater Dominant Species.

0.0

0.0

0.0

0.0

0.0

0.0

Total Segment Acreage

7.9

10.2

11.2

11.9

12.8

14.1

Table B21. Acreage Summary of Segment 23 for 1989, 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1989  1994/1995 1996 1997 1998 1999
Pickleweed 8.9 14.1 14.1 111 10.2 10.2
Cordgrass 85 3.7 3.6 4.8 6.2 59
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.1 0.0 13
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0 0.0
Alkali Hesth 0.0 0.0 0.2 0.0 0.0 0.2
Gumplant 0.0 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 0.3 0.0 0.8 14 17 15
Total Saline Dominant Species: 17.7 17.8 18.7 17.4 18.1 19.1
Brackish Marsh Vegetation

Alkali Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Peppergrass 0.0 0.0 0.0 0.0 0.0 0.0
Spearscale 0.0 0.0 0.0 0.0 0.0 0.0
Total Brackish Dominant Species. 0.0 0.0 0.0 0.0 0.0 0.0
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.0 0.0
Cattail 0.0 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0 0.0
Total Segment Acreage 17.7 17.8 21.2 17.7 18.4 19.8

Table B22. Acreage Summary of Segment 24* for 1994/1995,

DOMINANT SPECIES CATEGORY

1996, 1997, 1998 and 1999.

Year

St Marsh Vegetation 1994/1995 1996 1997 1998 1999
Pickleweed 0.8 0.2 0.6 0.6 0.2
Cordgrass 0.0 0.0 0.0 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscae Mix 0.0 0.0 0.0 0.0 0.0
Alkdi Heath 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 15 2.2 0.7 0.8 0.5
Total Saline Dominant Species: 2.3 24 1.3 1.4 0.7
Brackish Marsh Vegetation

Alkali Bulrush 15 2.0 18 2.2 24
Peppergrass 7.0 6.0 5.7 7.1 7.1
Spearscale 0.0 0.0 0.0 0.5 0.1
Total Brackish Dominant Species. 85 8.0 7.5 9.7 9.6
Freshwater Marsh Vegetation

California Bulrush 14 1.6 19 2.0 2.6
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Cattail 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 14 1.6 1.9 2.0 2.6
Total Segment Acreage 20.2 12.1 10.7 11.2 12.9

* Segment 24 not mapped in 1989

Table B23. Acreage Summary of Segment 25* for 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

Year

Salt Marsh Vegetation 1994/1995 1996 1997 1998 1999
Pickleweed 0.0 0.0 0.0 0.0 0.0
Cordgrass 0.0 0.0 0.0 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0
Alkali Hesth 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 5.3 4.0 2.6 0.0 1.0
Total Saline Dominant Species. 5.3 4.0 2.6 0.0 1.0
Brackish Marsh Vegetation

Alkali Bulrush 29 4.3 34 33 5.8
Peppergrass 104 1.7 6.5 48.6 7.6
Spearscale 0.0 0.0 0.3 0.5 0.1
Total Brackish Dominant Species: 13.3 12.0 10.3 52.3 135
Freshwater Marsh Vegetation

Cdifornia Bulrush 29.8 30.3 31.3 0.1 38.6
Cattall 0.2 0.8 15 0.2 2.0
Total Freshwater Dominant Species: 30.0 311 32.8 0.3 40.6
Total Segment Acreage 48.6 47.2 46.2 51.7 55.3

*Segment 25 not mapped in 1989

Table B24. Acreage Summary of Segment 26* for 1994/1995, 1996, 1997, 1998 and 1999.

DOMINANT SPECIES CATEGORY

58

Year

Salt Marsh Vegetation 1994/1995 1996 1997 1998 1999
Pickleweed 0.0 0.0 0.0 0.0 0.0
Cordgrass 0.0 0.0 0.0 0.0 0.0
Pickleweed-Cordgrass Mix 0.0 0.0 0.0 0.0 0.0
Pickleweed-Spearscale Mix 0.0 0.0 0.0 0.0 0.0
Alkai Heath 0.0 0.0 0.0 0.0 0.0
Gumplant 0.0 0.0 0.0 0.0 0.0
Peripheral Halophytes 1.3 1.3 0.8 0.1 0.0
Total Saline Dominant Species. 1.3 1.3 0.8 0.1 0.0
Brackish Marsh Vegetation

Alkali Bulrush 0.0 0.0 0.0 0.0 0.0
Peppergrass 2.5 2.6 0.6 0.1 2.9
Spearscae 0.0 0.0 0.0 0.0 0.0
Total Brackish Dominant Species: 2.5 2.6 0.6 0.2 3.0
Freshwater Marsh Vegetation




CdiforniaBulrush 17.8 18.7 175 18.8 18.0
Cattail 0.1 0.2 0.4 0.3 0.1
Total Freshwater Dominant Species. 17.9 18.9 17.9 19.1 18.1
Total Segment Acreage 23.7 231 23.0 24.1 23.7
*Segment 26 not mapped in 1989
Table B25. Acreage Summary of Segment 27* for 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year
Sat Marsh Vegetation 1996 1997 1998 1999
Pickleweed 0.0 0.9 0.0 0.0
Cordgrass 0.0 0.0 0.0 0.0
Peripheral Halophytes 1.0 2.1 2.3 0.0
Total Saline Dominant Species: 1.0 3.0 2.3 0.0
Brackish Marsh Vegetation
Alkai Bulrush 114 9.1 8.9 7.4
Peppergrass 0.6 17 0.1 12
Spearscale** 0.0 0.1 0.1 0.0
Total Brackish Dominant Species: 12.0 10.8 9.1 8.6
Freshwater Marsh Vegetation
Cdlifornia Bulrush 33 4.4 6.7 4.7
Cattall 7.6 7.8 8.4 10.8
Total Freshwater Dominant Species: 10.9 12.2 15.2 155
Total Segment Acreage 35.0 35.7 35.7 36.5
*Segment 27 not mapped in 1989 and
1994/1995
**Not a Dominant Species Category in 1996
Table B26. Acreage Summary of Segment 28* for 1989, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year
Sat Marsh Vegetation 1989 1996 1997 1998 1999
Pickleweed 0.0 0.5 0.2 0.1 0.1
Cordgrass 8.9 1.6 1.8 0.8 0.0
Peripheral Halophytes 0.0 0.3 14 4.0 34
Total Saline Dominant Species: 8.9 24 34 4.8 3.5
Brackish Marsh Vegetation
Alkai Bulrush 48.7 53.7 49.8 61.9 57.0
Peppergrass 7.4 9.9 15.8 2.2 10.2
Spearscale** 0.0 0.0 0.1 0.2 0.0
Total Brackish Dominant Species. 56.1 63.5 65.7 64.3 67.2
Freshwater Marsh Vegetation
Cdifornia Bulrush 0.2 105 9.1 155 15.6
Cattall 0.0 0.3 0.4 0.5 0.6
Total Freshwater Dominant Species: 0.2 10.8 9.5 16.0 16.2
Total Segment Acreage 65.2 77.8 78.9 85.7 90.3
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*Segment 28 not mapped in 1994/1995
**Not a Dominant Species Category in 1996

Table B27. Acreage Summary of Segment 29* for 1989, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year

Sat Marsh Vegetation 1989 1996 1997 1998 1999
Pickleweed 219 14.8 12.1 9.0 9.3
Cordgrass 129 5.6 6.8 4.6 2.3
Peripheral Halophytes 0.0 2.2 4.3 5.8 5.6
Total Saline Dominant Species: 34.8 225 23.2 194 17.2
Brackish Marsh Vegetation

Alkdi Bulrush 18.4 48.4 47.2 58.7 65.5
Peppergrass 9.0 10.0 9.5 3.9 11.0
Spearscale** 0.0 0.0 0.3 0.1 0.1
Total Brackish Dominant Species: 274 58.3 57.0 62.6 76.6
Freshwater Marsh Vegetation

Cdifornia Bulrush 0.0 0.0 0.0 0.0 0.3
Cattall 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.3
Total Segment Acreage 72.2 81.1 80.6 82.0 94.3

*Segment 29 not mapped in 1994/1995
**Not a Dominant Species Category in 1996

Table B28. Acreage Summary of Segment 30* for 1989, 1996, 1997, 1998 and 1999.
DOMINANT SPECIES CATEGORY

Year

Sat Marsh Vegetation 1989 1996 1997 1998 1999
Pickleweed 24.9 26.5 231 19.7 21.0
Cordgrass 6.1 8.0 9.8 10.7 13.0
Peripheral Halophytes 2.6 15 2.6 2.9 3.7
Total Saline Dominant Species: 33.6 36.0 35.5 33.3 37.7
Brackish Marsh Vegetation

Alkai Bulrush 0.0 15 17 6.5 55
Peppergrass 1.2 2.0 0.0 0.0 0.0
Spearscale** 0.0 0.0 0.0 0.0 0.0
Total Brackish Dominant Species: 12 34 1.7 6.5 5.5
Freshwater Marsh Vegetation

Cdlifornia Bulrush 0.0 0.0 0.0 0.0 0.0
Cattall 0.0 0.0 0.0 0.0 0.0
Total Freshwater Dominant Species: 0.0 0.0 0.0 0.0 0.0
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|Total Segment Acreage | 348 39.4 37.7 40.8 46.8

*Segment 30 not mapped in 1994/1995
**Not a Dominant Species Category in 1996
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APPENDIX C
SOUTH BAY MARSHES:
PLANT LIST
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Appendix G. Plants Observed in the South Bay Marsh Project Site

FAMILY NAME

SCIENTIFIC NAME

COMMON NAME

Aceraceae Acer negundo ssp. californica Cdiforniabox eder
Aizoceae Mesembryanthemum nodiflorum dender-leaved iceplant
Tetragonia tetragonioides New Zedand spinach
Apiaceae Foeniculumvulgare swest fennel
Conium maculatum poison hemlock
Asteraceae Baccharis pilularis coyote brush
Carduus pycnocephalus Itdian thidle
Centaurea solstitialis ydlow gar-thisle
Conyza canadensis horsetall
Grindelia sp. gumplant
Picris echioides bristly ox-tongue
Brassicaceae Brassica nigra black mustard

Hirschfeldia incana

smdl-pod mustard

Lepidium latifolium

perennial peppergrass

Chenopodiaceae

Atriplex semibaccata

Audtrdian satbush

Atriplex triangularis Spearscale

Bassia hyssopifolia five-hook bassa

Salicornia virginica common pickleweed

Salicornia europeae annud pickleweed
Cuscutaceae Cuscuta salina var. major salt marsh dodder
Cyper aceae cirpus acutus tule

Scirpus californicus Cdifornia bulrush

Scirpus maritimus akai bulrush
Frankeniaceae Frankenia salina akali heath
Juglandaceae Juglans californica Cdifornia black wanut
Poaceae Bromus diandrus ripgut grass

Bromus hordeaceus soft chess

Didtichlis spicata sdtgrass

Hordeum sp. barley

Spartina foliosa cordgrass
Polygonaceae Polygonum punctatum knotweed
Salicaceae Populus fremontii Fremont’ s cottonwood
Solanaceae Solanum americanum deadly nightshade

Nicotiana glauca tree-tobacco
Typhaceae Typha sp. catal

The species are arranged dphabeticaly by family name for al vascular plants encountered during the
plant survey. Plants are dso listed aphabetically within each family. In some cases it was not possble
to accurately identify a particular plant to the species level due to the absence of specific anatomic

Structures required for identification.
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