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1.0 Introduction  
 
The goal of this project is to answer the following question: to what extent can practical and 
implementable modifications to water and/or vegetation management practices contribute to reducing the 
occurrence of low dissolved oxygen (DO) and elevated methyl mercury (MeHg) discharge events associated 
primarily with fall flood-up practices on Suisun Marsh managed wetlands? Specific objectives include 
working with Suisun Marsh managed wetland managers to implement management practice 
modifications that would address these water quality concerns, to gather the necessary data 
to evaluate the effectiveness of these management practice changes, and to produce Best 
Management Practices that will be distributed amongst the managed wetlands operators 
throughout Suisun Marsh, via the Suisun Resource Conservation District (SRCD). 
 
This Monitoring Plan meets the following contractual requirements for SWRCB Agreement 
#06-283-552-0: 
 

The Monitoring Plan shall include, but is not limited to, a description of the 
monitoring objectives, types of constituents to be monitored, and the sampling 
location frequency/schedule for the monitoring activities. The MP will include the 
schedule for submittal of monitoring reports. Contractor shall be prohibited from 
implementing any sampling or monitoring activities prior to approval of the MP by 
ABAG and the Regional Water Board Grant Manager. No monitoring may occur 
prior to MP approval. Any changes to the MP must be submitted to ABAG and the 
Regional Water Board Grant Manager for review and a decision regarding approval 
prior to implementation. 

 
This Final Monitoring Plan will be finalized upon receipt of comments from the Regional 
Board and State Board on the Draft Monitoring Plan and upon conclusion of landowner 
agreements. 
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2.0 Background 
 
Seasonally low dissolved oxygen (DO) events resulting from environmental conditions and 
management actions in some managed wetlands have been documented in past years, as 
have adverse impacts to the aquatic ecosystem of various sloughs in Suisun Marsh. Co-
occurring with these events in some instances are elevated methyl mercury (MeHg) 
conditions. Peytonia, Boynton, and Suisun Sloughs in the northwest Marsh have exhibited 
the most significant low DO problems (Schroeter and Moyle 2004, 2005). These conditions 
do not necessarily occur every year nor to the same extent and thus it is no guarantee that 
low DO conditions will be observed during this study. 
 

October 18, 2005 –
Dissolved Oxygen (mg/l)

> 9 mg/l
7 – 9 mg/l
5 – 7 mg/l
3 – 5 mg/l
1.5 – 3 mg/l
0 – 1.5 mg/l

 
Data for October 18, 2005 observed low DO in the northwest Marsh, indicating the level to which DO 
can drop. Peytonia and Boynton Sloughs exhibit lowest DO levels and are the subject of this study. 
Data from Schroeter and Moyle (2005). 
 
Most managed wetlands are dry during the summer and early fall months when land 
managers carry out maintenance activities. Fall flood-up typically involves a series of one or 
more flood-drain-flood cycles after which the wetlands circulate water through the winter at 
a relatively constant stage and drain at variable times in the spring depending on particular 
property management objectives. The fall flood-up cycle can create low DO waters that 
upon release send low DO plumes into receiving waters (tidal sloughs), impacting aquatic 
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organisms including killing at-risk fish species and impairing valuable fish nursery habitat. 
Pond releases are also rich in organic matter that stimulates microbial activity increasing 
biological oxygen demand (BOD) in the receiving waters, which also reduces DO. Other 
sources may contribute to low DO in Suisun Marsh, including stormwater runoff, waste 
from boats in the Suisun City marina, and nutrient-enriched wastewater from the 
Fairfield/Suisun City Wastewater Treatment Plant. Except for the treatment plant 
discharges, the extent and seasonal variability of these contributions are not known. 
 
MeHg is a neurotoxin that transfers up the food chain through bioaccumulation and 
adversely effects fish and wildlife species and poses a health risk to humans. MeHg is 
thought to be produced in association with bacterial sulfate reduction, a process favorable in 
low DO environments, in the presence of a labile form of inorganic mercury. The amount of 
MeHg released from managed ponds is currently unknown; preliminary data (Stephenson, 
unpublished data) indicate pond releases have elevated MeHg concentrations that may range 
up to an order of magnitude over accepted limits.  
 
The purpose of this study is to implement and evaluate the effectiveness of one or more 
management strategies to reduce the occurrence of severely low DO events associated with 
managed wetlands operations and to transfer successful new management practices to the 
broader managed wetlands community in Suisun Marsh. In addition, it is likely the reduction 
of low DO events will result in conditions less favorable for MeHg production, thereby 
helping to decrease MeHg concentrations within the ponds and consequent loading to the 
surrounding sloughs. The intended outcomes of this project are improvements to surface 
water quality, the aquatic ecosystem, and to wildlife and humans that consume the fish and 
other aquatic organisms in Suisun Marsh. This project will aid in the development of Best 
Management Practices for reducing the occurrence of low DO events and associated MeHg 
production in managed marshes. The collaborative nature of this demonstration project, 
involving private landowners and several public agencies, will foster integrative analysis of 
and solutions to water quality impairment and other management problems in Suisun Marsh. 
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3.0 Monitoring Overview 
 
The objectives of the monitoring program are (1) to evaluate the results of modified 
management practices and the underlying processes that contribute to the DO and MeHg 
water quality changes observed in the northwest Suisun Marsh, and (2) to provide baseline 
data on whether managed wetlands in central Suisun Marsh exhibit similar water quality 
concerns to that observed in the northwest Marsh.  
 
The objective for the northwest Marsh is the primary focus of this study. To meet this 
objective, this study consists of a field and a laboratory component. The field component 
consists of monitoring within selected managed wetlands and in tidal sloughs adjacent to the 
managed wetlands. Collectively, the field component seeks to describe (1) water quality that 
enters and exits managed wetlands throughout the fall and winter managed wetlands 
operation period, (2) how that water quality relates to a site’s land, water, and vegetation 
management, (3) how environmental conditions within the selected managed wetlands 
contribute to low DO and MeHg production, (4) how this water mixes in the adjacent tidal 
sloughs and relates to slough water quality, and (5) how the aquatic community responds to 
these water quality conditions.  
 
The laboratory component consists of a methyl mercury experimental study with the 
objective to determine six factors: (1) relationship between low DO and methyl mercury 
production (MMP), (2) the relationship between bioavailable biomass, MMP and low DO, 
(3) relationship between temperature, MMP and low DO, (4) relationship between different 
vegetation species, MMP and low DO, (5) if pre-flood up to promote some vegetation 
rotting has potential for reducing MMP and low DO, and (6) if addition of iron to soil 
reduces MMP. This experiment will be conducted at the Moss Landing Marine Laboratory 
of the California Department of Fish and Game. It will utilize soils and plants from the two 
northwest Marsh field sites. The small scale of these experiments has the advantage of 
allowing individual parameters to be isolated and allows for replication and statistical 
evaluation of relationships. We will evaluate individual parameters to determine if they 
significantly affect methyl mercury production (MMP). The results from the lab studies can 
be tested to determine their applicability in real world field conditions. 
 
The objective for the central Marsh sites is the secondary focus of this study. To characterize 
current conditions in the central Marsh, this study consists of a small field component to 
collect water samples at the inputs and outputs to three managed wetlands and analyze these 
samples for methyl mercury, dissolved organic carbon, and organic matter concentrations. 
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Soil sampling will occur in fall 2007 to assess methyl mercury and total mercury. Additional 
environmental conditions are limited to aerial photography to establish vegetation coverage 
information. 

3.1 Regions Being Monitored 
The study design involves working at two regions within Suisun Marsh (Figure 1). The 
primary focus area is northwest Suisun Marsh at Peytonia and Boynton Sloughs where past 
occurrences of low DO events have been documented and thus we anticipate achieving 
demonstrable improvements in water quality. In this region, we have secured participation of 
clubs 112 (Suisun Farms) and 123 (Walnut Creek). Contributing sources to Peytonia and 
Boynton Sloughs include three managed wetlands not being monitored (clubs 113, 122, and 
124), multiple water control structures from the clubs being monitored, the Fairfield-Suisun 
Sewer District Wastewater Treatment Plant discharges, Ledgewood Creek, and overland 
flow from nearby pastures and sod farms (Figure 2). Collectively, these factors can make 
definitive conclusions more difficult to reach within the grant budget yet the potential to 
improve water quality in this area is high. Monitoring all the exchange points at the two 
selected managed wetlands is intended to improve ability to interpret site specific 
management impacts upon water quality in this hydrologically complex region.  
 
The secondary study area is central Suisun Marsh on Grizzly Island close to SRCD 
headquarters (Figure 3). This area has not been observed to present as significant of a low 
DO concern and thus this study devotes comparatively little project resources to its 
evaluation. Methyl mercury discharges are unknown. This area offers the benefit of fewer 
variables thus simplifying data analysis and interpretation. Several managed wetlands share a 
common flood/drain supply channel system that allows for a single inflow monitoring point. 
Each of the three selected clubs (525, 529, and 530) has one discharge point, making effluent 
monitoring simple.  

3.2 Site Selection 
Our criteria for selecting sites to participate in this study are (1) landowner willingness, (2) 
proximity to documented low DO problem areas, (3) potential for modified management 
practices to offer a demonstrable improvement in water quality, and (4) a tractable 
hydrologic configuration to facilitate cost effective and meaningful monitoring. 
 
The two selected sites in the northwest are clubs 112 and 123 (Figure 2). The three selected 
sites in the central Marsh are 525, 529, and 530 (Figure 3). In the northwest clubs, 
management practice changes have already begun in coordination with the landowners and 
SRCD. Therefore, study design in Year 1 will be to evaluate conditions under those changed 
practices and Year 2 to documents conditions under further refined practices selected based 
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on results from Year 1. For the central clubs, management practice changes have not yet 
been made. Therefore, study design is to document conditions under existing practices.  
 
We will acquire signed landowner participation agreements prior to initiating field work. 

3.3 Responsible Entities and Principal Investigators 
The Association of Bay Area Governments (the Grantee) and will provide administrative 
oversight of the organizations that will be conducting the field data collection and 
monitoring activities. The participating organizations and their respective Principal 
Investigators are:  
 

• Suisun Resource Conservation District (SRCD) – Steve Chappell 
• Wetlands and Water Resources (WWR) – Stuart Siegel, Ph.D. 
• California Department of Water Resources (DWR) – Chris Enright 
• California Department of Fish and Game, Moss Landing Marine Laboratories 

(CDFG) – Mark Stephenson, Ph.D. 
• University of California at Davis, Department of Wildlife, Fish, and Conservation 

Biology (UCD) – Peter Moyle, Ph.D. 
• United States Geological Survey, Sacramento Water Resources Division (USGS) – 

Brian Bergamaschi, Ph.D.  
 
The participating organizations are responsible for coordinating and performing the 
monitoring activities and sampling events, including providing monitoring and sampling 
equipment, coordinating sample collection in the field and subsequent lab analyses, taking 
field notes, data management and electronic data storage, and maintaining a field activity 
calendar.  

3.4 Questions Addressed and Monitoring and Sampling Design 
This section describes the specific questions addressed in this study and the monitoring and 
sampling design to gather data for each question. Through gathering data to address the 
following specific questions, we will obtain the information needed to evaluate the 
effectiveness of the management practices on reducing low DO discharges and MeHg 
concentrations in those discharges.  
 
Figures 2 - 5 show the monitoring designs for the northwestern and central sites, 
respectively. Table 1 presents the full range of monitoring and sampling activities. Tables 2 
through 8 present these activities according to the organization responsible. Table 9 lists the 
GPS locations of the monitoring and sampling locations. Table 10 presents the sampling 
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schedule. The separate Quality Assurance Project Plan (QAPP) discusses the details of how 
the samples are collected to provide data that are representative and scientifically defensible. 
 
 
Question 1: What is the water quality supplied to and discharged from 

the managed wetlands? 
 

A) Data collection, northwest sites:  
1) Continuous water quality monitoring with multiparameter sondes at all slough 

exchange locations (8 locations total), from flood up (September 2007 and 2008) 
to after end of hunting season (March 2008, February 2009). Temperature, 
conductivity, depth, dissolved oxygen, pH/ORP, turbidity at all locations; 
chlorophyll at one exterior location in Club 112 and two exterior locations in 
Club 123. See Table 1, Item A1. 

2) Regular water quality data for the single common wastewater treatment plant 
input point supplying water to both Club 112 and 123 is to be provided by the 
Fairfield-Suisun Sewer District.   

3) Discrete water quality grab samples – Sampling includes methyl mercury 
(unfiltered and filtered), suspended sediment concentration (SSC), dissolved 
organic carbon (DOC), and organic matter.  The first sampling event will occur 
during the pre-seasonal flood event at Club 123 which conducts a short 
(approximately 1-week) flood-up and drain cycle prior to flooding fields for the 
duration of waterfowl season (October - January). During this event exterior 
drain locations (3) will be sampled.  Subsequent periodic sampling events will 
occur at both exterior inlet locations as well as interior locations within each 
wetland.   Exterior sampling locations include 2 locations at Club 112 and 7 
locations at Club 123, plus a common Treatment Plant input = 10 exterior inlets 
total.  The number of interior locations varies by parameter as presented below. 
The sampling frequency and locations are as follows: 

a. Methyl mercury (unfiltered) – 17 locations (112: 2 exterior + 3 
interior; 123: 6 exterior + 5 interior; 1 treatment plant input) collected 
at 0, 2, 4, 8, 16, and 20 weeks after fall flood up during 2007-2008 and 
2008-2009 monitoring period. See Table 1, Item A2 

b. Methyl mercury (filtered) –17 locations (112: 2 exterior + 3 interior; 
123: 6 exterior + 5 interior; 1 treatment plant input) locations, collected 
at 0, 2, 4 weeks after fall 2007 flood up. See Table 1, Item A2b. 

c. Suspended sediment concentration –17 locations (112: 2 exterior + 
3 interior; 123: 6 exterior + 5 interior; 1 treatment plant input) collected 
at 0, 2, 4 weeks after fall 2007 flood up. See Table 1, Item A2c. 
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d. Dissolved organic carbon and organic matter – 25 locations (112: 2 
exterior + 6 interior; 123: 6 exterior + 10 interior; 1 treatment plant 
input) collected at 0, 2, 4, 8, 16, and 20 weeks after fall flood up during 
2007-2008 and 2008-2009 monitoring period. See Table 1, Item A3a. 

B) Data collection, central sites: Discrete water quality grab samples – Grab samples 
collected at four locations consisting of the single collective intake ditch supplying all 
three clubs and the single drain at each of the three clubs (1 intake + 3 discharge = 4 
locations). Sampling frequencies are as follows: 

1) Methyl mercury (unfiltered) and suspended sediment concentration – 
collected at 0, 2, 4 weeks after fall 2007 flood up. See Table 1, Item A2d. 

2) Dissolved organic carbon and organic matter - collected at 0, 2, 4, 8, 16, and 
20 weeks after fall flood up during the 2007-2008 and 2008-2009 monitoring 
period. See Table 1, Item A3b. 

C) Data analysis, northwest sites: Continuous data provide detailed record of source and 
discharge water quality at each water control structure, allowing comprehensive view of 
how water quality changes within the managed wetlands during the fall and winter 
management season. 

D) Data analysis, central sites: Laboratory analyses of grab samples describe source and 
discharge water quality at each water control structure, providing general characterization 
of how water quality changes within the managed wetlands during the fall and winter 
management season. 

 
 
Question 2: What is the water quality of Peytonia and Boynton 

Sloughs during the fall months? 
 
A) Data collection: Continuous monitoring with multiparameter sondes in Peytonia and 

Boynton sloughs, from flood up (September 2007 and 2008) to end of fall (December 
2007 and 2008). Temperature, conductivity, depth, dissolved oxygen. See Table 1, Item 
B2. 

B) Data analysis: Continuous data provide detailed record of slough water quality, 
allowing evaluation of slough response to managed wetlands exchanges and of aquatic 
community response. 

 
 

Question 3: What is the quantity of water discharged from the 
northwestern managed wetlands? 

 
A) Data collection:  
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1) Topographic surveys – collect high-resolution topographic data for both clubs 
prior to fall 2007 flood up. See Table 1, Item A7. 

2) Pond stage – monitor stage (depth) at three locations in club 123 and two 
locations in club 112 during the 2007-2008 and 2008-2009 wetland operations 
periods. See Table 1, Item A4. 

3) Wetland inflow and outflow volumes – use stage discharge spanning a spring-
neap tidal cycle at each club when water is managed for constant stage, to 
calculate flow at all water control structures concurrently. See Table 1, Item A8. 

4) Club water operations logs – site managers at each club will log all changes 
made to water control structures. 

B) Data analysis:  
1) Hypsograph – from the topographic data, we will prepare hypsographs (stage-

volume curves) that allow a volumetric calculation of discharge during drawdown 
periods. Using the pond stage data, water volume is then determined from the 
hypsograph. This method does not account for evapotranspiration or 
groundwater infiltration losses to wetland stage and it does not account for 
discharge during wetland operation periods when a fairly constant stage is 
maintained concurrent with ongoing flooding and draining to maintain 
circulation.  

2) Flow at Control Structures – For circulation periods, the 2-week flow 
measurements at discharge points will be used to establish discharge rates with 
the assumption that these rates are representative throughout circulation periods.  

3) Operations logs – We will use the club control structure operating logs to relate 
water management activities to variations in pond water quality, pond stage, 
slough water quality, and slough flow. 

 
 

Question 4: What is the amount of available mercury in the soils for 
methylation? 

 
A) Data collection sites: Discrete soil samples – Collected from interior of wetlands in 

fall 2007 prior to field flood-up and analyzed for total mercury and methyl mercury 
concentrations. Each lab samples to consist of composites of three field samples. All 
samples to be collected from upper 3 inches of soil profile.  

1) Northwest Sites: Three lab samples from club 112 and five from club 123. See 
Table 1, Item A5a. 

2) Central Sites: One lab sample from each of the three clubs. See Table 1, Item 
A5b. 
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B) Data analysis: Concentrations of total and methyl mercury in soils will yield quantitative 
data on mercury availability for methylation. In combination with organic matter content 
(see Question 5), will provide ability to examine soil parameters that affect methylation 
and demethylation rates. 

 
 

Question 5: What is the amount of available organic matter in the 
soils for contributing to oxygen demand? 

 
A) Data collection sites: Discrete soil samples – Collected from interior of wetlands in 

fall 2007 prior to field flood-up and analyzed for total mercury and methyl mercury 
concentrations. Each lab samples to consist of composites of three field samples. All 
samples to be collected from upper 3 inches of soil profile.  

1) Northwest Sites: Three lab samples from club 112 and five from club 123. See 
Table 1, Item A6a. 

2) Central Sites: One lab sample from each of the three clubs. See Table 1, Item 
A6b. 

B) Data analysis: Concentrations of organic matter in soils will yield quantitative data on 
soils contributions to oxygen demand and contribute to understanding processes 
associated with mercury methylation in soils.  

 
 

Question 6: What is the relationship between dissolved oxygen sags, 
site vegetation (biomass), and methyl mercury 
production? 

 
A) Data collection:  

1) Soil and vegetation field samples from northwest sites for mesocosm 
experiment – collect material from Club 123 for use in small enclosure 
experiments conducted in the laboratory at Moss Landing Marine Lab. See Table 
1, Item B5. 

2) Vegetation mapping, northwest sites: – collect metric color infrared aerial 
photographs in summer 2007 prior to club vegetation management activities 
(e.g., mowing, disking). Rectify photos and use GIS tools to develop simple 
vegetation map. Field verify species composition and percent cover. See Table 1, 
Item A9a. 

3) Aerial photography, central sites: – collect metric color infrared aerial 
photographs in summer 2007 prior to club vegetation management activities 
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(e.g., mowing, disking). No vegetation mapping will be performed initially. See 
Table 1, Item A9b. 

B) Data analysis: The small scale of these experiments has the advantage of allowing 
individual parameters to be isolated and allows for replication and statistical evaluation 
of relationships. We will evaluate individual parameters to determine if they significantly 
affect methyl mercury production (MMP). Parameters that may be tested include: 1) 
oxygen levels, 2) iron addition, 3) wetting regimes, 4) density of vegetation, and 5) 
species of vegetation.    

 
The primary goal of the methyl mercury study is the development of methyl mercury 
Best Management Practices (BMPs) for reducing the amount of methyl mercury 
produced and exported off wetlands in the Suisun. This experimental component will 
occur solely on the northwest cluster as focusing on a known problem area is expected 
to provide the greatest return on effort. Experiments with differing approaches and 
spatial scales will inform this goal.  
 
The results from the lab studies can be tested to determine their applicability in real 
world field conditions. The vegetation maps will provide for applying the mesocosm 
results by plant species to the relative percent cover of each tested species and thus how 
differing species compositions may contribute to the low DO and MeHg events. We 
anticipate that the field sites will have varying degrees of DO sags to which we will try to 
correlate biomass and MMP. During Year 2 of the experiments, the wetland site 
managers will modify their management practices to take into consideration the most 
promising results for developing BMPs from the lab and field experiments from Year 1 
relative to DO and MMP. It is anticipated the change in management practices in Year 2 
will decrease DO sags and MMP in the managed ponds. The lab and field experiments 
will provide a wealth of information on which to base future management decisions.   

 
 
Question 7: What are the mixing characteristics of Peytonia and 

Boynton sloughs with Suisun Slough? 
 
A) Data collection: Continuous Acoustic Doppler Current Profiler (ADCP) measurements 

from September to December 2007 and 2008, with the possibility of a continuous 
deployment from September 2007 to February 2009. ADCP deployments within 
Peytonia and Boynton Sloughs just upstream of their confluences with Suisun Slough. 
Sensors deployed on channel bottom at deepest part of cross section. Deployed adjacent 
to the CTD instruments used for Question 2 above. See Table 1, Item B1. 
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B) Data analysis: We will compute water quality fluxes by taking the product of water 
quality measurement, C(t) (salinity, dissolved oxygen, pH, temperature, chlorophyll a) 
with the measured discharged, Q(t). 

 
Flux = Q(t)C(t) 

 
The residual or subtidal averaged flux shows how constituents are transported at longer 
timescales.  The net water quality fluxes is computed by applying a digital filter, < >, to 
the product in the equation above.  Additionally, the mechanisms that control 
constituent transport past a given measurement location can be investigated by 
decomposing the total daily averaged net flux, <Q(t)C(t)>, into dispersive (transport 
primarily due to the tides) and advective components (transport due to the net flows). 

 
Q(t)C(t)> = <Q(t)><C(t)> + <Q’(t)C’(t)> 

 
Total flux = advective flux = dispersive flux 
 
Where Q’(t)C’(t) are the correlations in the tidal fluctuations in flow and water quality 
constituents respectively.  We will provide, in addition to the as collected 15 minute data, 
the net flow, salinity, temperature, dissolved oxygen, and chlorophyll a fluxes at the 
mouth of Peytonia and Boynton Slough as part of the deliverables associated with this 
proposal. 

 
 
Question 8: Are there ecological community shifts and population 

changes in the aquatic fauna in Peytonia, Boynton, and 
Suisun sloughs?  

 
A) Data collection: Monthly otter trawl sampling in the sloughs at the 21 regular otter 

trawl stations that are part of the long-term UC Davis Fisheries Monitoring Program and 
an additional 5 stations to obtain better sample coverage in areas known to be affected 
by poor water quality. The five new sample locations are one each in Peytonia, Boynton 
and Suisun sloughs near the northwest sites (Figure 2) and two in Montezuma Slough 
near the central sites (Figure 3). The sampling time period will be between September 
2007 to March 2008 and September 2008 to February 2009, in each of the two years of 
field study. The sampling season will begin 2 weeks prior to flood up and will occur 
biweekly for the first 4 weeks (2 weeks prior to flood up; at flood up; 2 weeks post flood 
up) and then will occur monthly through March of each year. The UCD Fisheries 
Monitoring Program will continue uninterrupted in all months prior to and following the 
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sampling time period, which will enable better resolution on observed changes. See 
Table 1, Item B3. 

B) Data analysis: UCD will quantify the abundance of fish and large invertebrates at 
numerous locations within Suisun Marsh and will describe qualitatively the presence of 
smaller invertebrates (amphipods, mysid shrimp, and clams) within the affected areas. 
Select fish and invertebrates captured during our sampling will be retained for mercury 
analyses. Comparison of sampling results across time periods and comparison to prior 
data will help evaluate the extent to which fish and large invertebrate abundances are 
being beneficially affected by project implementation. 

 
 
Question 9: What are the meteorological parameters that contribute 

to dissolved oxygen and methyl mercury processes? 
 
A) Data collection: Weather station – to be installed near the SRCD headquarters on 

Grizzly Island. Hourly measurements for continuous data (temperature, relative 
humidity, photosynthetically active radiation, wind speed and direction, barometric 
pressure) and event based for discrete data (rainfall). September 2007 to February 2009. 
See Table 1, Item B4.  

B) Data analysis: Preparation of tabular and graphical time series data. These data will be 
used to support analyses and interpretation of the processes affecting low DO and 
MeHg events. 
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4.0 Constituents Monitored, By Organization 
 
We have organized the tables in this section according to the organizations conducting the 
sampling in order to facilitate effective field implementation: 
 

• Table 2, Suisun Resource Conservation District, describes wetland and tidal 
slough water and meteorology monitoring; SRCD staff will be trained by other 
project participants to carry out a variety of the routine data collection and 
equipment servicing needs 

• Table 3, Wetlands and Water Resources, describes topographic and discharge 
sampling 

• Table 4, CDFG Moss Landing Marine Laboratory, describes wetland soil 
sampling and laboratory analysis 

• Table 5, U.S. Geological Survey, describes wetland soil sampling and laboratory 
analysis 

• Table 6, USGS and Department of Water Resources, describes tidal slough flow 
characteristics 

• Table 7, UC Davis, describes biological sampling for fish and large invertebrates 
within tidal sloughs 

• Table 8, CDFG, describes the laboratory mesocosm experiments examining 
biological oxygen demand and methyl mercury production (MMP) to be conducted 
at Moss Landing Marine Laboratory 
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5.0 Sampling Locations 
 
Table 9 shows the sample locations for all field sampling activities. Many sample locations 
are at fixed points with known coordinates. Some interior sample stations will have fixed 
coordinates confirmed after working with the landowners and the project team visiting each 
site and establishing specific sample locations. Interior sample stations will be field-located 
with position recorded by GPS. Data vertical datum will be NAVD88. Data horizontal 
datum will be NAD83 reported in decimal degrees latitude and longitude and measured to 
the nearest 10-5 degree. 
 
Based on field conditions and any necessary adaptive management measures, the sampling 
locations may be relocated by the project team to provide for field safety and ensure the 
collections are accurate, representative of field conditions and thorough. Any changes made 
to the sampling plan will be documented within the field notebooks and added to this 
Monitoring Plan.  
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6.0 Sampling Frequency and Schedule  
 
The primary sampling periods will be the fall to winter wetland operations periods, or 
September 2007 to March 2008 and September 2008 to February 2009. Sampling event 
schedules vary according to the objective of each task, which may involve either continuous 
or discrete monitoring. The actual sampling dates by site will vary slightly depending upon 
the date of initial flood-up and upon the specific landowner participating agreements, some 
of which restrict site access to certain days of the week due to landowner concerns about 
disturbing waterfowl prior to scheduled hunting days. Therefore, sampling at scheduled 
intervals (i.e., 0, 2, 4 weeks after flood-up) may vary amongst clubs by a few days. Effort will 
be made to coordinate sampling dates to the extent possible; however, unexpected 
circumstances may require that a sampling date be rescheduled. We will maintain a calendar 
detailing all field data collection activities. Quarterly monitoring reports will describe actual 
timing. 
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7.0 Reporting Schedule 
 
The results of the field data collection and monitoring efforts and the associated laboratory 
results will be validated for data quality, accuracy, and completeness according to the 
methods presented in the QAPP document. The data will be maintained in electronic format 
compliant with the guidelines of the SWAMP program. WWR will maintain the compiled 
data set and each organization on the project team will have full access to the compiled data 
set. The results of the project will be provided as described in the contractual agreement 
with the State (SWRCB Agreement # 06-283-552-0).  
 
Monitoring reports will be submitted quarterly, within 4 weeks following the completion of 
each calendar quarter. As data collection will be seasonal, some quarters will have no data 
collection and the associated monitoring report will include no data and a statement that no 
data were collected during the reporting period. 
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Table 1. Sampling Program Overview
Final Monitoring Plan August 2007

Related
Constituent Area Parameter(s) Method Locations Timing Frequency Table Sampling Analysis

A1) Water Quality -- Continuous
Water quality Northwest DO, cond, temp, 

pH/ORP, depth, turb, 
Chl

In-situ data sonde 6 sensors at Club 123
2 sensors at Club 112
Obtain 'real-time' data from Treatment Plant for input

9/07-3/08; 
9/08-2/09

15-min; 
Treatment plant data 1

hr

Table 2 SRCD/
WWR

WWR

A2) Water Quality -- Discrete, Mercury
a) Water 
quality

Northwest MeHg (unfiltered) Grab sample/
Lab analysis

112: Exterior (2) / Interior (3) = 5
123: Exterior (6) / Interior (5) = 11
FSSD Treatment Plant Input (1) = 1
Total = 17 locations * 6 events * 2yr = 204 samples

9/07-3/08; 
9/08-2/09

6 events/yr 
(0,2,4,8,16,20 weeks 
after flood-up)

Table 2 SRCD/
CDFG

CDFG

b) Water 
quality

Northwest MeHg (filtered) Grab sample/
Lab analysis

112: Exterior (2) / Interior (3) = 5
123: Exterior (6) / Interior (5) = 11
FSSD Treatment Plant Input (1) = 1
Total = 17 locations * 3 events * 1yr = 51 samples

9/07-10/07 3 events (0, 2, 4 weeks 
after flood-up)

Table 2 SRCD/
CDFG

CDFG

c) Water 
quality

Northwest SSC Grab sample/
Lab analysis

112: Exterior (2) / Interior (3) = 5
123: Exterior (6) / Interior (5) = 11
FSSD Treatment Plant Input (1) = 1
Total = 17 locations * 3 events * 1yr = 51 samples

9/07-10/07 3 events (0, 2, 4 weeks 
after flood-up)

Table 2 SRCD/
CDFG

CDFG

d) Water 
quality

Central MeHg (unfiltered)
SSC

Lab analysis 1 sample at each club discharge + 1 sample at collective intake = 4 
locations
Total = 4 locations * 3 events * 1yr = 12 samples

9/07-10/07 3 events (0, 2, 4 weeks 
after flood-up)

Table 2 SRCD/
CDFG

CDFG

Team Responsibilities

GROUP A -- WITHIN EACH SITE
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Table 1. Sampling Program Overview
Final Monitoring Plan August 2007

Related
Constituent Area Parameter(s) Method Locations Timing Frequency Table Sampling Analysis

Team Responsibilities

A3) Water Quality -- Discrete, Organic Matter
a) Water 
quality

Northwest DOC and OM Grab sample/ 
optical properties 
on sample aliquots

112: Exterior (2) / Interior (6) = 8
123: Exterior (6) / Interior (10) = 16
FSSD Treatment Plant Input (1) = 1
Total = 25 locations * 6 events * 2yr = 300 samples

9/07-3/08; 
9/08-2/09

6 events/yr 
(0,2,4,8,16,20 weeks 
after flood-up)

Table 2 SRCD/
USGS

USGS

b) Water 
quality

Central DOC and OM Grab sample/ 
optical properties 
on sample aliquots

1 sample at each club discharge + 1 sample at collective intake = 4 
locations
Total = 4 locations * 6 events * 2yr = 48 samples

9/07-3/08; 
9/08-2/09

6 events/yr 
(0,2,4,8,16,20 weeks 
after flood-up)

Table 2 SRCD/
USGS

USGS

A4) Water Level -- Continuous, Interior
Water level Northwest Depth In-situ pressure 

tranducer
2 locations in 112; 3 locations in 123 9/07-3/08; 

9/08-2/09
1-hr Table 2 SRCD/

WWR
WWR

A5) Soils -- Discrete, Mercury
a) Soils Northwest MeHg and HgT Grab sample/

Lab analysis
Composite 3 club interior subsamples for each lab sample;
  - 3 lab samples at club 112
  - 5 lab samples at club 123
--> 8 samples

Fall, pre-flood 
up

1x in 2007 Table 4 CDFG CDFG

b) Soils Central MeHg and HgT Grab sample/
Lab analysis

Composite 3 club interior subsamples for each lab sample; 1 lab 
sample per club 
--> 3 samples 

Fall, pre-flood 
up

1x in 2007 Table 4 CDFG CDFG

A6) Soils -- Discrete, Organic Matter
a) Soils Northwest Organic matter Grab sample/

Lab analysis
Composite 3 club interior subsamples for each lab sample;
  - 3 lab samples at club 112
  - 5 lab samples at club 123
--> 8 samples

Fall, pre-flood 
up

1x in 2007 Table 5 USGS USGS

b) Soils Central Organic matter Grab sample/
Lab analysis

Composite 3 club interior subsamples for each lab sample; 1 lab 
sample per club 
--> 3 samples 

Fall, pre-flood 
up

1x in 2007 Table 5 USGS USGS

A7) Topography -- Discrete
Topography Northwest Elevation Kinematic GPS Club 123; Club 112 Summer 2007 1x in 2007 Table 3 WWR WWR

A8) Wetland Flow -- Continuous Short-Term
Wetland flow Northwest Discharge stage and weir 

heights
At all significant exchange water control structures 2 wks in Fall 

07, Fall 08
15-min Table 3 WWR WWR
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Table 1. Sampling Program Overview
Final Monitoring Plan August 2007

Related
Constituent Area Parameter(s) Method Locations Timing Frequency Table Sampling Analysis

Team Responsibilities

A9) Vegetation -- Discrete
a) Vegetation Northwest Percent cover, species 

composition
Metric aerial 
photography, GIS 
analysis, field 
verification

Both northwest clubs Fall, pre-flood 
up

1x/yr Table 3 WWR WWR

b) Vegetation Central Percent cover Metric aerial 
photography

All 3 central clubs Fall, pre-flood 
up

1x/yr Table 3 WWR WWR

Related
Constituent Parameter(s) Method Locations Timing Frequency Table Sampling Analysis

B1) Tidal flow -- Continuous
Tidal flow Northwest Discharge ADCP Peytonia and Boynton sloughs continuous, 

~1.25 years 
Sept 2007 - 
Dec 2008

15-min Table 6 DWR/
USGS

DWR/
USGS

B2) Water Quality -- Continuous -- Peytonia and Boyton Sloughs
Water quality Northwest DO, cond, temp, depth In-situ data sonde Peytonia and Boynton sloughs Sept-Dec 

2007;2008
15-min Table 6 DWR/

USGS
DWR/
USGS

B3) Community Ecology -- Discrete
Community 
Ecology

Northwest 
and Central

Abundance of fish and 
large invertebrates 

Otter trawl 5 new stations in Peytonia, Boynton, Suisun and Montezuma 
sloughs; additonal 21 locations part of prior monitoring

9/07-3/08; 
9/08-2/09

biweekly for the first 4 
weeks of flood-up, 
then monthly

Table 7 UCD UCD

B4) Climate -- Continuous/Event
Climate Suisun 

Marsh
Air temperature, relative 
humidity, rainfall, PAR, 
wind speed and 
direction, barometric 
pressure

Automated weather 
station

At SRCD office on Grizzly Island 9/07-2/09 Hourly for continous 
data, event-based for 
episodic data

Table 2 SRCD/
WWR

WWR

B5) Laboratory Mercury Study
Mercury Moss 

Landing 
Marine Lab

Methyl mercury 
production as a result of 
altering environmental 
conditions related to 
BMP

Replicated 
experiments in a 
controlled 
environment. ~450 
aqueous MeHg 
measurements.

Moss Landing Marine Lab 2007 n/a Table 2,
Table 4

CDFG CDFG

Team Responsibilities

GROUP B -- EXTERNAL TO EACH SITE
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Table 2: Water and Meteorological Sampling, SRCD

Parameter Method Purpose

Sampling 
Support, 
Analysis

Water Quality, Continuous Data

Dissolved oxygen Multiparameter data sonde Constituent of concern for aquatic species, 
characteristic of general water quality

WWR

Conductivity Multiparameter data sonde Constituent of concern for aquatic species, 
characteristic of general water quality

WWR

Temperature Multiparameter data sonde Characteristic of general water quality WWR
pH Multiparameter data sonde Characteristic of general water quality WWR
Oxidation-reduction 
potential (ORP)

Multiparameter data sonde Constituent of concern for aquatic species, 
characteristic of general water quality

WWR

Turbidity Multiparameter data sonde Characteristic of general water quality WWR
Chlorophyll 
concentration.

Multiparameter data sonde Measure of the biomass of phytoplankton, 
indicator of primary productivity

WWR

Water Stage, Continuous Data

Depth Pressure transducer/ staff gauge Pond exchange volumes in conjunction with 
hyposgraph

WWR

Water Quality, Grab Samples and Laboratory Analysis

MeHg (filtered, 
unfiltered)

Grab sample/Lab analyses Constituent of concern for aquatic species, 
characteristic of general water quality

CDFG

SSC Grab sample/Lab analyses Characteristic of general water quality CDFG
DOC Grab sample/optical properties 

on sample aliquots
Constituent of concern for aquatic species, 
characteristic of general water quality

USGS

OM Grab sample/optical properties 
on sample aliquots

Characteristic of general water quality USGS

Meteorology, Continuous Data

Air temperature Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Rainfall Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Humidity Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Barometric pressure Automated weather station Describe climate conditions, support estimating 
climate role in water quality, barometric 
corrections for non-vented pressure transducers

WWR

Photosynthetically 
Active Radiation

Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Wind speed Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Wind direction Automated weather station Describe climate conditions, support estimating 
climate role in water quality

WWR

Note: SRCD to be trained in sample collection and equipment maintenance by supporting organizations
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Table 3: Topography, Discharge and Vegetation, WWR
Parameter Method Purpose
Topography

Elevation Kinematic GPS Site characterization, hypsograph, hydrology

Managed Wetland Discharge

Discharge Stage discharge Will provide data to quantify amount of 
wetland discharge during circulation periods 
when stage fairly constant

Vegetation

Percent cover, 
species

Metric aerial photography, 
focused ground truthing

Establish measure of pre-floodup standing 
stock of plant biomass

Table 4: Soil Sampling, CDFG
Parameter Method Purpose

MeHg Sample core/Lab analyses Constituent of concern
HgT Sample core/Lab analyses Constituent of concern

Table 5: Soil Sampling, USGS
Parameter Method Purpose

Organic matter Sample core/Lab analyses Soil characterization

Table 6: Water Sampling, USGS with DWR
Parameter Method Purpose
Slough flow

Discharge Acoustic doppler current 
profiler (ADCP)

Will enable hydraulic analyses to calculate 
water exchange rates for use in subsequent 
mass balance assessments

Slough Water Quality, Continuous Data
Dissolved oxygen Multiparameter data sonde Constituent of concern for aquatic species, 

characteristic of general water quality
Conductivity Multiparameter data sonde Constituent of concern for aquatic species, 

characteristic of general water quality
Temperature Multiparameter data sonde Characteristic of general water quality
Depth Multiparameter data sonde Basic condition parameter

Table 7: Fish and Large Invertebrate Sampling, UCD
Parameter Method Purpose

Abundance Otter trawl Aquatic ecology assessment
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Table 8: Laboratory Experiments, CDFG
Parameter Method Purpose

Methyl-
mercury 
production 
(MMP)

Field samples/Mesocosm 
experiments in laboratory

Informs MMP for different treatments, replication, and 
time points. Treatments may include wet/dry cycling, 
dissolved oxygen, iron additions, and vegetation biomass 
and type. Lab studies in Year 1 will inform field 
manangment practices in Year 2.

Biological
oxygen
demand 
(BOD)

Field samples/Mesocosm 
experiments in laboratory

Informs BOD for different treatments, replication, and 
time points. Treatments may include wet/dry cycling, 
dissolved oxygen, iron additions, and vegetation biomass 
and type. Lab studies in Year 1 will inform field 
manangment practices in Year 2. 
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Table 9: Sampling Locations
Sample Site 
Designation

General 
location Comments Station ID

Static Location 
Coordinates

38.21636 N
122.05642 W
38.21761 N
122.05908 W
38.21033 N
122.04297 W
38.21500 N
122.04772 W
38.21142 N
122.03814 W
38.20706 N
122.05667 W
38.22067 N
122.04633 W
38.22189 N
122.05081 W
38.21636 N
122.05642 W
38.21761 N
122.05908 W
38.21033 N
122.04297 W
38.21500 N
122.04772 W
38.21142 N
122.03814 W
38.20706 N
122.05667 W
38.22067 N
122.04633 W
38.22189 N
122.05081 W
38.20928 N
122.03872 W
38.22644 N
122.03503 W

Northwest wetlands
(2 sites)

Northwest wetlands
(2 sites)

Tidal Slough Water 
Flow measurement 
(ADCP) & Slough 
Water Quality

Peytonia,
Boynton 

Supports Slough Hydrodynamics and Water Quality 
monitoring. Accoustic Dopler Current Profiler (ADCP) 
instrument co-located with a YSI multi-parameter data sonde 
(YSI 600; DO, cond, temp, depth)

BS

PS

Continuous water 
quality and depth 
(8 locations)

Supports Wetland Water Quality and Stage monitoring.  Multi-
parameter data sondes (YSI 6600s) deployed at these 8 
managed wetland input/discharge exchange points.

112-CWQ-1

112-CWQ-2

123-CWQ-1

123-CWQ-2

123-CWQ-3

123-CWQ-4

123-CWQ-5

123-CWQ-6
Wetlands Discharge
(8 locations)

Discharge data supports characterizing sources of water 
quality constituents. Co-located with CWQ monitoring 
locations.

112-F-1

112-F-2

123-F-1

123-F-2

123-F-3

123-F-4

123-F-5

123-F-6
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Table 9: Sampling Locations
Sample Site 
Designation

General 
location Comments Station ID

Static Location 
Coordinates

38.21533N
122.06409W
38.21470N
122.05989W
38.21260N
122.05637W
38.21960N
122.04845W
38.21352N
122.04350W
38.21033 N
122.04297 W
38.21500 N
122.04772 W
38.21142 N
122.03814 W
38.20706 N
122.05667 W
38.22067 N
122.04633 W
38.22189 N
122.05081 W
38.20998 N
122.05907 W
38.21759W
122.05906W
38.21761 N
122.05908 W
38.21401 N
122.06601 W
38.17194 N
121.96344 W
38.15656 N
121.95161 W
38.14911 N
121.96242 W
38.17048 N
121.96093 W

112-GWQ-2

123-GWQ-1

123-WL-1

123-WL-2

123-WL-3

123-GWQ-2

Wetland interior water 
level

Northwest wetlands
(2 sites)

Water quality grab 
samples at exterior and 
interior exchange 
points (MeHg, SSC, 
DOC and OM)

All sites

112-GWQ-1

530-GWQ-1

112-GWQ-3

123-GWQ-3

123-GWQ-4

Provide wetland stage input data to hypsographs used to 
determine exchange volumes. 112-WL-1

123-GWQ-7

123-GWQ-5

123-GWQ-6

Grab samples at wetland flood and discharge points support 
identifying water quality as enters and leaves sites and used in 
conjunction with time-series water quality data. Exterior grab 
water quality samples at the northwest sites are co-located 
with continuous water quality and flow monitoring.

MS-GWQ

525-GWQ-1

529-GWQ-1

112-WL-2
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Table 9: Sampling Locations
Sample Site 
Designation

General 
location Comments Station ID

Static Location 
Coordinates

38.21533
122.06409
38.21470
122.05989
38.21645
122.05833
38.21525
122.06190
38.21956
122.06376
38.22071
122.06188
38.21603
122.05288
38.21721
122.05241
38.21595
122.04914
38.21769
122.04820
38.21960
122.04845
38.21743
122.04430
38.21550
122.04359
38.21352
122.04350
38.21420
122.05570
38.21260
122.05637
38.21857
122.06158
38.21708
122.06231
38.21646
122.06100
38.21608
122.05289
38.21728
122.05238
38.21441
122.05052
38.21742
122.04914
38.21742
122.04669
38.16656
121.96714
38.15748
121.96027
38.14963
121.96124

123-SS-4

123-SS-5

530-SS-1

  - 112: 3 composite samples
  - 123: 5 composite samples 
  - 525: 1 composite sample 
  - 529: 1 composite sample
  - 530: 1 composite sample

112-SS-1

525-SS-1

529-SS-1

123-SS-1

123-SS-2

123-SS-3

112-SS-2

112-SS-3

Soil grab samples
(MeHg, HgT, OM)

All sites

123-GWQ-12

123-GWQ-14

Wetland interior water 
grab samples (MeHg, 
SSC, DOC and OM)

Northwest wetlands
(2 sites)

123-GWQ-13

123-GWQ-10

123-GWQ-11

123-GWQ-8

123-GWQ-9

112-GWQ-6

112-GWQ-7

112-GWQ-8

112-GWQ-9

Within-site grab water quality samples:
  - 112 6 interior locations for DOC and OM
  - 112 3 interior locations for MeHg and SSC
  - 123 10 interior locations for DOC and OM
  - 123 5 interior locations for MeHg and SSC

123-GWQ-15

123-GWQ-16

123-GWQ-17

112-GWQ-4

112-GWQ-5
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