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I ntroduction

The Environmenta Monitoring Assessment Program (EMAP) Western Rilot is a five-
year effort led by EPA’s Office of Research and Development to advance the science of
monitoring ecosystem hedth and demondrate the agpplicability of EMAP assessment tools.
The overdl objective is to assess eduarine condition through an integrated comprehensve
coagtd monitoring program dong the West Coast (including Alaska and Hawaii). It is dso
intended to demondrate the vaue of survey-based monitoring by agpplying these techniques
to problems of regiona and State interest.

In 1999, a five-year cooperative agreement between EPA and the Southern Cdifornia
Coastd Water Research Project (SCCWRP) was implemented to accomplish the EMAP
Wegtern Rilot Study in Cdifornia This proposd is an incremental funding request to support
the technicd support activities that make up Cdifornia’s fourth year efforts. These activities
advance EMAP's god of expanding its program into wetlands, and provide continuity with
data management and quality assurance procedures established in the previous years.

EMAP's efforts in the fird three years have focused on subtidd and intertidad mudflat
habitat. The fourth year will expand this effort to sample the intertidd mudflat and emergent
macrophyte (marsh) habitats, with the following specific objectives:

1) Provide a datewide edimate of intertidd wetland condition for a
core indicator et;

2) Intengfy the assessment effort in southern Cdifornia and the San
Francisco (SF) Bay areg;

3) Deveop and apply additiona indicators appropriate for wetland
intertidal habitat.

The ovelying purpose in the formulation of the sampling design and indiceator
section for this assessment is to provide continuity with coastd EMAP sampling from
previous years. This approach is being replicated in Oregon and Washington and will alow
EPA-EMAP to produce a west coast-wide esimate of intertida wetland condition for the
core indicator et.

Assessment efforts will be intengfied in southern Cdifornia and the SF Bay area in
order to serve the information needs of loca, well-established coastd zone management units
in those regions. These coastd zone management units are represented by the Southern
Cdifornia Wetlaxd Recovery Project' (WRP) and the SF Bay Area Wetlands Regiond

! The SCWRPis apartnership of 17 state and federal agencies working to develop and implement a regional
plan for wetland acquisition, restoration, and enhancement in southern California. A list of partner agenciesin
the WRP can be found on the California Coastal Conservancy website

(http://www.coastal conservancy.ca.gov/scwrp/index.html)



Monitoring Program (WRMP)?, which were formed via cooperative agreement among the
loca, date, and federd agencies involved in wetland conservetion, restoration, and
management in thelr respective regions.  Intendfication in southern Cdifornia and SF Bay
will dlow an independent etimate of wetland intertidd condition, which will dlow EMAP
to sarve a management audience with data that would not be as useful if ddivered as a
Statewide estimate done.

Intengfication of assessment in southern Cdifornia and the SF Bay area dso dlows
for the pilot sudy of additiond indicators not included in the core set. Higoricdly, EMAP
asessments have focused on sediment contamination. While this issue is of great interest in
southern Cdifornia and the SF Bay aess, there are other important issues that are more
goecific to the intertidd wetland habitat, such as habitat fragmentation, threatened and
endangered native species, the spread of non-indigenous species, modification of tidd
flushing, and the impacts of urbanization of watersheds on wetland hydrology, water quaity
and habitat, etc. As part of the intendfication effort, southern Cdifornia and the SF Bay area
will messure severd new indicaiors to demondrate the gpplicability of collecting such
information usng an EMAP probakility-based survey.

Basic EM AP Sampling Design

The base sampling design dlows for a datewide assessment of intertidd wetland
condition as well as independent assessments of southern Cdifornia® and SF. Bay*. To
achieve this, 30 Core Stations will be randomly dlocated dong the Cdifornia coastline, and
30 will be dlocated to each of the two intensfication project aress. The 30 Core Stations
dlocated datewide will exclude SF. Bay and southern Cdifornia, and will be done following
the sampling desgn utilized in previous west coast EMAP assessment of subtidd and
intertidd mudflats.

In the intengfication areas, some modifications of the traditiond EMAP sampling
desgn will be made to accommodate locad management interests. In southern Cdifornia,
dlocation of Core Stations will be random as per the traditiond design, with one minor
modification. If a point in a wetland intertidd patch smaler than 100 acres is rgected from
the origind sample because it does not fdl in an intertidd aes its replacement will be
sdected from among dternaive random points that fdl in intertida patches of 100 acres or
gndler. This is required to make sure that the smaler patches are represented in the sample.
In SF Bay, the random sample points will be dlocated evenly between tidd flat, low tida
marsh, and mid-devation tidd marsh, as required to represent the gradient of devation of
intertidal habitats.

2 The WRMP is apartnership of 16 state and federal agencies plus local governments and NGOs working to
develop aregional program of wetlands monitoring and assessment in the S.F. Bay area.

3 S0. Californiais defined to include the coastal region from Point Conception to the border with Mexico

4 SF. Bay areaisdefined as the estuarine tidal marsh of the San Francisco Estuary downstream of the delta.



Basic Conceptual Model for the Intensification Project
Thefollowing causa-link modd provides the basis for the spatial sampling plan.

It is assumed that estuaries are landward extensons of marine influences, and marine-
ward extensons of upland watershed influences. It is therefore assumed that the intertidal
zone is trandtiond between the subtida-open water estuarine environment and the fluvid-
terrestrid  environment. It is further assumed that physcd conditions of both the estuarine
environment and the terredtrid environment are due to geology (including topography and
bathymetry), climate, and land use. It is assumed that the lower intertidd (i.e, the tidd flat)
is influenced more by the subtidd-open estuarine water environment than by the fluvid-
terrestrid  environment, whereas the upper intertidd (i.e, tidd marsh) is influenced more by
the fluvid-terredtrid environment. It is assumed that marine-estuarine influences enter the
tidd fla on risng tidd waves firg through intertidd channds and then across the plain of the
tidd fla. It is likewise assumed that fluvid-terredtrid influences as wel as marine-estuarine
influences enter the tidd marsh on risng tides and during fluvid flood events firs through
intertidd channds and then across the marsh plain. It is assumed that the upland-tidd marsh
ecotone is a separate place of connection between the terrestrid environment and the
intertidal zone. It is assumed that the physcd nature of the intertidd zone sarves as a
dynamic habitat template for ecologica interactions.

Overall Analytical Approach to Intensfication

The intendfication project is desgned to randomly sample intertidd habitats and ther
surrounding landscapes in two Project areas, southern Cadifornia and San Francisco Bay.

The sample frame (ak.a sample universe) for each Project area is the intertidd zone
bdow the devaion contour of gpproximate Mean High Tide, which is quditativey
estimated from field characters, such as vegetation type and location of the wrack line.

For each project area, geographic information systems (GIS) are used to randomly
sdect 30 (thirty) 1-n? Core Stations from the population of al possible plots within the
sample frame.

Each Core ddion is used to identify the unique intertidd drainage sysem to which
each Core Station belongs, the habitat patch to which the drainage system belongs, and the
locd teredrid waershed to which the habitat patch belongs. Different indicators are
measured at each of these spatid scales (1-n? Core Station, drainage system, habitat paich,
and watershed). This spatid plan of sudy will yidd standard types of large-scde EMAP
data, plus the plan will provide data needed to manage intertidd sresses and functiond
relationships between intertidal habitat and their watersheds.



Stratification of | ntensification Data

In southern Cdifornia, the Core Stations were intentiondly didributed among smal
and large estuaries. All data can therefore be classfied between smdl or large edtuaries. In
San Francisco Bay, the Core Stations were intentionaly distributed among tidd flats, low
tidd marsh, and high tidd marsh within esch of four subregions Suisun Bay, North Bay,
Centrd Bay and South Bay. All data can therefore be classified by eevation and subregion.

Each patch of tidd marsh habitat has five internd sampling drata (A-E): mid-marsh
plan dong a tidd marsh channd, mid-marsh plan away from any channds foremarsh dong
a channd, foremarsh away from any channds, and backshore away from any channds. All
data collected within a drainage system or tidd marsh paich can be classfied into these five
drata. Data from these drata can be compiled for an overal assessment of each sdected

drainage system or patch.

Table 1: Indicators, Their Spatial Scale, Units of Assessment, and Data Sour ces

Unitsof Y-axis

TP i atial Scale of Indicator Basic Data
Intensification Indicators | coge Sp Deta Data Units on Presentation Source
Graphics
Stratunt of Names or codes of |, .
Plant community dominant L Drainage system taxa V6 of each stratum Field Transect
species composition 2 Overall drainage |Namesor codesof| % of drainage Field Transect
system taxa systems
3 Stratunsistfe(rjrzal Nage N of species % of each stratum} Field Transect
Plant speciesrichness . -
0
4 Overal drainage N of species % of drainage Field Transect
system systems
. 5 Stratunt of drainage % area % of each stratum} Field Transect
Percent cover per dominant system
- 5 -
taxa 6 Overall drainage % area % of drainage Field Transect
system systems
- . 7 S_tratuml of Names or codes of % of each stratum Field Transect
Non-indigenous species Drainage system Texa
o _ 5 -
(NIS) composition 8 Overal drainage |Namesor codes of| % of drainage Field Transect
system Taxa systems
- . 9 S_traluml of N of species  [% of each stratum Field Transect
Non-indigenous species Drainage system
. ; 5 -
(NIS) richness 10 Overall drainage N of species % of drainage Field Transect
system systems
- . 11 S;tratuml of % area % of each stratum Field Transect
Non-indigenous species Drainage system
(NIS) percent cover 1o | Overall drainage % area. %of drainage | g4 Transect
system systems

1 Stratum refersto each of the five sampling strata (A -E) for tidal marsh drainage systems: backshore, mid-
marsh plain along mainstem channel, mid-marsh plain away from channels, foreshore near mainstem channel,
foreshore away from channels, and backshore.




Table 1 (cont’d): Indicators, Their Spatial Scale, Units of Assessment, and Data Sour ces

. % of
Overall percent cover Overall drainage : :
of trash inwrack line 13 system % area drainage Field Transect
systems
Thrgstei?:/r?zginegred 14 Habitat Patch N of species % of patches| Records/reports
managle\zlrﬂ?n?ecglgj)fectiv&e 15 Habitat Patch N of objectives % of patches| Records/reports
Type Of. management 16 Habitat Patch Name; or podes of % of patches| Records/reports
objectives objectives
Numbe;ac‘)l‘“riﬁc;eatlonal 17 Habitat Patch N of facilities % of patches| Records/reports
Annu\:;\: ;tli)rpsber of 18 Habitat Patch N of people % of patches| Records/reports
Habitat connectivity
(Minimum distanceto| 19 Habitat Patch Km % of patches GIS
nearest patch)
Habitat connectivity
(Number of patches 20 Habitat Patch N of patches % of patches GIS
within 5 km radius)
Habitat connectivity oV
. Vo minimum 21 Habitat Patch (coefficient % of patches GIS
distance within 5 km of variation)
radius)
Habitat connectivity 22 Habitat Patch Km/area % of patches GIS
(Index of Isolation)
Habitat connectivity
(Percent intertidal zone .
composition by marsh 23 Habitat Patch % area % of patches GIS
or tidal flat)
Intertéc(iils?:tf;annel 24 Habitat Patch Km/area % of patches GIS
Total acreage 25 Habitat Patch Sgkm % of patches GIS
Total perimeter length| 26 Habitat Patch Km % of patches| GIS
1 0,
Shoreline development! o7 | it patch % % of patches Gis
index (D) (unitless)
Adjacent o
Percent adjacent 28 |Landscape Spatial % area i nf)er?/f ale?ch o GIS
landcover by cover Interval P
type 29 Overall Adjacent % area % of patches Gas
L andscape
Adjacent o
Percent adjacent 30 |Landscape Spatial % area inf)er(cc ale?ch o GIS
agricultural cover or Interval P
undevelopedland | 5 | Overall Adjacent % area 0% of patches GIs
L andscape
Total annual POTW, MGD
industrial, power plant 32 | Local Watershed| (million gallons per % of Records/reports
discharge per dg ) P watersheds P
watershed Y




Table 1 (cont’d): Indicators, Their Spatial Scale, Units of Assessment, and Data Sour ces

Human population

0,
density per watershed 33 | Local Watershed | N of people per area| % of watersheds GIS
Median and CV of age
of resident peopleper | 34 |Loca Watershed N of people % of watersheds GlSs
watershed
MedianandCVof | o5 | yopitet patch Sqkm Project area and GIS
patch size subregions
CoreIndicators for Spatial Scale of I ndicator Unitsof Y-axis | g e pata
Each CoreStation | Code Data Data Units on Presentation Source
Graphics
Tidal water % Sq. meter Degrees C Percent of sample Field Plot
temperature area
Tidal water depth 37 Sg. meter Cm or inches Percen’;fefa%mple Field Plot
Tidal water salinity | 38 Sq. meter PPT Perce”;;’efamp'e Field Plot
Sedlment_p(_)re water 29 Sq. meter PPT Percent of sample Field Plot
salinity area
Sediment bulk density | 40 Sq. meter % volume Pe“’e”;’éa’ﬂmp'e Field Plot
Sediment % organic 2 Sq. meter % wt Percent of sample Field Plot
carbon area
Sediment % N ) Sq. meter %wt Perce”;’efasamp'e Field Plot
Sediment % P a3 Sq. meter %wt Perce”;ro;asamp'e Field Plot
Mean sedl ment grain 4 Sg. meter Microns or mm Percent of sample Field Plot
size area
sediment inorganic
contaminants (see ) Percent of sample )
L amberson et al. 2002 45 Sqg. meter Units per volume area Field Plot
for list)
Sediment organic
contaminants . Percent of sample )
(see Lamberson et al. 46 Sg. meter Units per volume area Field Plot
2002 for list)
Bent_h|c SPECIES 47 Sg. meter N of species Percent of sample Field Plot
richness area
Benthlcspemes 48 Sq. meter Gr wet wt Percent of sample Field Plot
biomass area
Emergent macrophyte
speciesmaximumstem| 49 Sg. meter Cm or inches Percent of sample Field Plot
area
or shoot length
SAV or macroalgal 50 Sq. meter % area Percent of sample Field Plot
percent cover area
SAV madmum shoot 51 Sqg. meter Cm or inches Percent of sample Field Plot
length area
Emerge_nt macrophyte 52 Transect point N of species Percent of sample Field Transect
species richness area
Percent (.)f macrophyte 53 Transect point % of species Percent of sample Field Transect
speciesasNIS area




Expected Types of Graphs and Plots

Datafor most indicators will be graphicaly presented as probability dendty functions
(see Figure 1 below) for either percent of sampled area (i.e., Core Station indicators 36-53in
Table 1), percent of intra-patch stratum (i.e., indicators drainage systems (i.e., indicators
2,4,6,8,10,12,13,28,30 in Table 1), percent of habitat patches (i.e., indicators 14-27,29,31in
Table 1), or percent of watersheds or subregions (indicators 32-35 in Table 1). Indicators of
composition among strata (i.e., indicators 1,3,5,7, 9,11, 28,30 in Table 1) will be summarized
as stacked histograms (see Figure 2).

Figure 1: Idealized forms of probability density functions

100 .................. :.-.

Total Core Station Area
Total Number of Drainage Systems
Total Number of Habitat Patches
Total Number of Watersheds

Percent of:

0 L= '
Numerical Value of Indicator per:
Core Station, Drainage System, Habitat Patch, or Watershed

i

Discrete Intra-patch Strata or Spatial Intervals of Adjacent Landcover

Figure 2: Idealized form of stacked histograms
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Appendix A

List of Chemicd Condtituents for EMAP Core Indicators

CHEMICAL NAME CHEMICAL FAMILY
Aluminum METAL
Antimony METAL
Arsenic METAL
Cadmium METAL
Chromium METAL
Copper METAL
Iron METAL
Lead METAL
Manganese METAL
Mercury METAL
Nickel METAL
Selenium METAL
Silver METAL
Tin METAL
Zinc METAL
1-methylnaphthalene PAH
1-methylphenanthrene PAH
2,3,5-trimethylnaphthalene PAH
2,6-dimethylnaphthalene PAH
2-methylnaphthal ene PAH
Acenaphthene PAH
Acenaphthylene PAH
Anthracene PAH
Benz(a)anthracene PAH
Benzo(a)pyrene PAH
Benzo(b)fluoranthene PAH
Benzo(g,h,i)perylene PAH
Benzo(k)fluoranthene PAH
Biphenyl PAH
Chrysene PAH




Appendix A (continued)
List of Chemicd Condtituents for EMAP Core Indicators

CHEMICAL NAME CHEMICAL FAMILY
Chrysene(C1-C4) PAH
Dibenz(a,h)anthracene PAH
Dibenzothiophene PAH
Dibenzothiophene(C1-C3) PAH
Fluoranthene PAH
Fluorene PAH
Fluoreng(C1-C3) PAH
Indeno(1,2,3-c,d)pyrene PAH
Naphtal ene(C1-C4) PAH
Naphthalene PAH
Pyrene PAH
Toxaphene PAH
24-DDD PCB
2,4-DDE PCB
24-DDT PCB
4,4-DDD PCB
4,4-DDE PCB
44-DDT PCB
Aldrin PCB
Alpha-Chlordane PCB
DDT PCB
Diddrin PCB
Endosulfan | PCB
Endosulfan 11 PCB
Endosulfan sulfate PCB
Endrin PCB
Heptachlor PCB
Heptachlor epoxide PCB
Hexachlorobenzene PCB
Lindane (gamma-BHC) PCB
Mirex PCB
PCB PCB
PCB101 PCB




Appendix A (continued)
List of Chemicd Condtituents for EMAP Core Indicators

CHEMICAL NAME

CHEMICAL FAMILY

PCB105 PCB
PCB110 PCB
PCB110/77 PCB
PCB118 PCB
PCB126 PCB
PCB128 PCB
PCB138 PCB
PCB153 PCB
PCB170 PCB
PCB18 PCB
PCB180 PCB
PCB187 PCB
PCB195 PCB
PCB206 PCB
PCB209 PCB
PCB28 PCB
PCB44 PCB
PCB52 PCB
PCB66 PCB
PCB77 PCB
PCB8 PCB
Trans-Nonachlor PCB
Total organic carbon TOC
Total Nitrogen Nutrient
Total Phosphorus Nutrient
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Appendix B
Spatial Hierarchy of EM AP California I ntengfication Project

The Bay Area project provides an example of the
goatid desgn of the
two CA projects.
Each of the projects
congsts of a number
of watersheds with
their own eduaries,
and each of these
eduaries has tidd
marshes and tidd
flats. These marshes
and flats are locdly
known management
units, or habitat patches. Each patch of marsh or
mudflat consgs of a number of naurd drainage
sysems of second-order or brger. Any randoml
drawn point will fal within a drainage system.

Different sets of management questions pertain to the different spatid scales. At the date leve
and for the project areas, the main questions are about te didribution, abundance, and size of
marsh patches, including restoration and mitigation projects. Managers of the project aress
adso want to characterize stressors within and among watersheds, especidly in the context of
TMDLs. Locd managers are concerned about the effects of these stressors on habitat patches,
as assessed within and among drainege sysems, which are viewed as the naturd building
blocks of tidd marshes and tidd flats. The beneficid uses of these important habitats are
controlled by the conditions and functions of their internd drainage systems as linkages to
their greater watersheds.

11



Appendix C
Suisun EMAP Sample Sites

Suisun

High Marsh: 2 Stes
Low Marsh: 2 5tes
Tidd Hat: 1 dte
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Appendix D
North Bay EMAP Sample Sites

High Marsh: 5 Stes
Low Marsh: 4 Stes
Tidd Hat: 3 gtes

North Bay
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Appendix E
Centra Bay EMAP Sample Sites

Central Bay

High Marsh: 1 Ste

Low Marsh: O Sites

Tidd Ha: 1 d5te

(gray dots are dternative Sites)
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Appendix F
South Bay EMAP Sample Sites

South Bay

High Marsh: 1 dte

Low Marsh: 4 gtes

Tidd Hat: 2 Stes

(gray dots are dternative Sites)
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Appendix G
Far South Bay EMAP Sample Sites

Far South Bay

High Marsh: 2 sites

Low Marsh: O Sites

Tidd Hat: 2 Stes

(gray dots are dternative Stes)
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