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Introduction:

Annual "natural" flooding of the Sacramento and San Joaquin Rivers no longer occurs along much of these waterways. Historically these systems, along with portions of their tributaries were flanked by extensive floodplains that supported riparian forests and wetlands.  Rivers, riparian forests, and wetlands constituted the major habitat-types of the Sacramento and San Joaquin Valley river-floodplain ecosystems. Riparian forest was most common immediately adjacent to the rivers, and also along natural levees.  Wetlands dominated low-lying areas - primarily backwater areas extending laterally from the main channels, and the floodbasins.  Together, these two habitat-types encompassed the vast majority of frequently inundated areas of the floodplain. (The Bay Institute, 1998).  Though these areas have been altered and in some cases replaced by isolated managed floodplains, i.e.,Yolo and Sutter bypasses, maintaining a historical perspective while studying these remnants and evaluating potential areas of restoration, will provide the information needed to support a floodplain habitat monitoring and research program.

Because the CALFED ERP and Strategic Plan call for an increase in inundated floodplain habitat, the following document sets out a broad agenda for monitoring and research of wetland and floodplain habitats along the Sacramento and San Joaquin Valley River Basins. We also suggest continued and expanded monitoring and research for managed floodplains, the Yolo and Sutter Bypasses.  Where possible, additional detail on methodologies is provided; however, detailed monitoring strategies will depend on the specific questions addressed and restoration project sites chosen. These recommendations are intended to apply to Central Valley rivers from the first major dam, or the upstream extent of significant alluvial deposits to the upper portion of the Delta whose boundary is somewhat vague.  Riparian sampling is intentionally ignored in this document (See John Williams and Jeff Hart's contribution for more information on riparian habitat sampling). Given that floodplain dynamics along the stream course are intimately connected to riparian corridor health, floodplain monitoring should be coordinated closely with riparian habitat monitoring discussed in other sections of this report.

I.  Research and Monitoring Objectives:

The Ecosystem Restoration Program has the goal to improve and increase aquatic and terrestrial habitat and improve ecological functions in the Bay-Delta to support sustainable populations of diverse and valuable plant and animal species.  Monitoring objectives applicable to the floodplain subgroup of the Rivers Workteam were selected from the draft CALFED goals and objectives document (B. Fong and B. Herbold, draft report 15 June 1998) as outlined in the draft template for CMARP products.  These objectives may change or become obsolete if the goals and objectives of the CALFED Program change substantially.  The floodplain research program proposed by the floodplain subgroup of the Rivers Workteam entails research and monitoring objectives that can be linked to the four categories of implementation objectives in the Ecosystem Restoration Program including: (1) Ecological Processes; (2) Habitat; (3) Species and Species Groups; and (4) Stressors.
In summary the objectives of the monitoring proposed by the Floodplain Subgroup of the Rivers Workteam are:

1) To provide baseline information on Central Valley habitats in order to:

a) define existing conditions

b) identify the appropriate restoration strategies to restore riverine systems to desired condition

c) provide information to help design an effective monitoring plan 

2) To document whether implementation of the CALFED common programs, primarily the Ecosystem Restoration Program, results in significant improvements in ecological processes, habitats, and an associated reduction in stressors, resulting in an increase in the abundance of native species.

3) To monitor indicators consisting of important features of "ecosystem health", habitat quality, and ecosystem processes to provide a basis for adaptive management.

(For a more in-depth list of monitoring needs and associated indicators, see the companion document, http://fp2_1019.doc.)

II.  Conceptual Models:


Verbal model:  Native aquatic and riparian organisms in the Central Valley evolved under a flow regime with pronounced seasonal and year to year variability. Frequent (annual or biannual) high flows mobilized gravel beds, drove channel migration, inundated floodplains, maintained sediment quality for native fishes and invertebrates, and maintained complex channel and floodplain habitats (Strategic Plan, 1998). Whether natural or managed, flooding can be viewed as a disturbance that depending on its magnitude and timing leads to a complex mosaic of habitat types along stream and riparian networks (Michener 1998).  These habitat types in turn support a rich array of biological communities that include many of the endangered and threatened species that are currently the focus of the CALFED ERP and the Conservation Strategy (refs). Flooding creates transitional shallow water habitat that varies in its productivity and structural complexity depending on numerous factors including the timing and duration of inundation, type of substrate, vegetation, and upstream processes.  The distribution and abundance of plants and animals, and both inorganic and organic sedimentary processes, varies with distance from the stream channel and along a moisture and inundation gradient.  Vascular vegetation including riparian vegetation and emergent wetlands play a critically important ecological role because they affect the physical structure of habitats and function (depending on the species) as refuges, spawning/nesting and rearing habitat and a food resource.  In addition, vascular plants strongly influence riverine geomorphology, by affecting accretion of sediments and channel maintenance.

Understanding how flooding in both natural and managed landscapes affects trophic interactions leading to the viability of the endangered and threatened species, is the subject of the conceptual model diagrams in Figures 1 and 2.  These models facilitate the identification of key ecosystem components/linkages and can help describe the functional relationships between management actions, indicators and monitoring strategies. 

Matrix Model:  Two types of preliminary conceptual models formed the basis of evaluating the effects of hydrology (timing and seasonality of flow and inundated area) on floodplain dynamics.  The first approach, the habitat change ( ecological effect matrix presented in Figure 1 illustrates a simple matrix method used to identify cause and effect relationships. The matrix method modeled after that of Jones et al. 1996 enables us to illustrate the direct and indirect responses of specific management actions.  In this case each of the physical and biotic responses listed in the third column is linked to a specific outcome for Splittail life history responses in the fourth through seventh columns.  One can easily adapt this technique to track other population responses.

When we evaluate the possible outcomes of two seemingly simple restoration actions, increase in flow and the creation of setback levees, the matrix allows us to follow an increase in shallow water habitat leading to a trophic response that can ultimately affect splittail life history responses at various levels.  According to our model, increasing the amount of inundated area leads to increases in fish production through increases in spawning success and larval growth and survival. Th models assist us in determining the appropriate data layers to include in our monitoring program.  Ecosystem monitoring before and after restoration can provide correlative support for these hypothesized cause and effect relationships; however, to more fully document cause and effect, one needs to tease apart these relationships through controlled study. The fact that these increases can occur through numerous pathways, demonstrates the need to evaluate these relationships through a research program that includes both modeling approaches and controlled experiments.
Trophic Food Chain Model: A literature review and the matrix model suggests that three critical factors intimately connected to the hydrology of the system affect Splittail population viability in the floodplain (The Yolo Bypass is provided as an example of a managed floodplain): a) food availability for larval growth and development (detritus and phytoplankton which is dependent on the amount of flooded area and discharge), b) the amount of shallow water habitat for spawning (areas of certain depths), c) the amount of adults returning to the floodplain after mortality in other parts of the system (including larval entrainment due to water diversions - fish larvae are caught in pumps and fish ladders after they leave the system). This trophic food chain model is illustrated in Figures 2a and 2b.  The model is based on a generalized model presented by Power et al. (1995) and that of Trexler (1995) for the Kissimmee River with additional elements added after reviewing the literature for the Sacramento San Joaquin Delta System.  It should be noted that this model purposely ignores certain elements that may be important in a more natural floodplain.  For simplicity, we have omitted macrophytes and their associated periphyton, which in natural systems may be an important invertebrate food source and a resource for various fish including Splittail.  Macrophytes also provide an important refuge for many fish species, but in this case these relationships are not an explicit part of the model proposed.  

The first portion of Figure 2 presents the conceptual underpinnings of a trophic food web for the Yolo bypass without referring to specific fish species (Figure 2a). The second sub-model (Figure 2b) illustrates the possible connection of this more general trophic food web model to one fish species (Splittail). The preliminary splittail sub-model briefly illustrated in figure 1b illustrates one of the many ways that what happens in the floodplain is connected to the larger San Francisco Bay Delta system.  Splittail are found throughout the system and only part of their population utilizes the Yolo Bypass for a portion of their life cycle. Monitoring the floodplain sub-population will assist us in evaluating how this larger population might be influenced by floodplain dynamics. Though these conceptual models are designed to evaluate the effect of floodplain inundation on fish species and especially Splittail, the food chain approach is general enough to facilitate the identification of key hypotheses and research questions for the aquatic component of floodplain habitat. 

III.  Monitoring Plan Elements

A.  Choosing Sites for Monitoring/ Habitat Classification:


Monitoring programs to support stream restoration and natural flooding regimes must be designed to summarize condition from the landscape, watershed, stream corridor, stream reach to habitat scales.  We propose a hierarchical sampling regime with replication that will enable a variety of statistical techniques (i.e. ANOVA, correlation, and ordination techniques) to describe relationships between floodplain inundation, trophic level dynamics, and habitat quality. 

Understanding these relationships will require a broad based sampling program: however, the strategic selection of appropriate sites to represent the range of monitoring will enable us to focus our sampling regime.  For example, sites will be positioned at key locations between and at the confluence of tributaries to understand the contributions of different watersheds to downstream processes.  In addition some areas (particularly those slated for restoration) will require additional sampling effort due to their direct role in evaluating project-level response.  Other sites may serve a role in the "focussed research" described in the CalFed Focussed Research Program (Nichols, 1998). 

The floodplain is a dynamic area that changes with each season and water year, so sampling sites must be chosen to represent the full array of variation in substrate and flooding duration and magnitude.  Ideally sites will be chosen to represent a range of habitat types longitudinally and horizontally across a variety of stream reaches that make up the Central Valley watershed.  In addition sampling regimes (the spatial position and temporal placement of sampling) will depend on the purpose of monitoring.  Longitudinal transects will help explain patterns of connectivity while horizontal transects will explain how inundation affects vegetation and associated fauna.  Traditional habitat classification techniques should be consulted prior to selecting permanent sites; however, the most important aspect is to represent a range of physical, chemical and biological processes that characterize habitat response. Ordination and cluster analysis can be used to identify habitat classes once data is obtained. 

In addition to selecting sites that represent a variety of habitat types, historic data availability and hydrologic measurements and models should guide sampling site selection.  Sites that are supported by historic sampling regimes and stream gauge records should be a priority over areas without these sources of information.  Finally, because the CMARP monitoring program has a broad focus with multiple goals, sites should be chosen to serve multiple purposes if at all possible.  Permanent sites should be selected with an eye on future restoration projects and serve as a stable sampling matrix that project level monitoring can tie to where appropriate.  By providing a network of a minimum number of sites as a framework for floodplain research, we can ensure comparisons across years. 

In summary, sampling sites should include:

1) diverse types of stream and river corridors and associated habitats (Stream reach, order, and detailed information on habitat types should be used to select and group sites according to similarities and differences). 

2) areas with the most intact natural floodplains = i.e., Cosumnes River to serve as reference sites and examples of desired condition, 

3) managed floodplains such as the Yolo and Sutter Bypasses managed for flood control, 

4) restoration sites (areas proposed for floodplain creation and areas upstream and downstream of these areas to determine how additional floodplain creation affects water quality and downstream processes)

5) sites with historic data availability

6) sites where information can support hydrologic modeling

7) sites that are cost effective and represent multiple purposes

B)  Geographic Information Systems (GIS) and associated technologies (planning and management tools):

The need for a detailed understanding of topography as it relates to inundation and habitat, suggests the importance of developing a Geographic Information System (GIS) based on readily available data sources as a planning tool for the Central Valley Alluvial River systems and upper Delta.  The same system can serve as a framework for additional data as the monitoring program progresses.  All future data collection should be geographically referenced to ensure its compatibility with the developing GIS system.  One model for GIS development is the Sacramento River geographic information system developed under the SB1086 Program by the California Department of Water Resources.  This model should be extended to the San Joaquin River system if it has not been developed to date.  Currently the Sacramento and Joaquin River Basins study team is developing a GIS framework for flood damage reduction and environmental restoration (Toland, personal communication).  A preliminary report on existing information prepared for the U.S. Army Corp of Engineers provides a summary useful to this effort (Jones &Stokes, 1998); however, additional details will need to be collected to fully represent the data sources available.  It is highly recommended that CalFed work with the U.S. Army Corp of Engineers to the extent possible to coordinate data gathering efforts for G.I.S. development.

To determine the exact location of transects or sampling grids, a CMARP work team should review existing sources of remote sensing information including aerial photography and satellite imagery.  (Also see Draft Report  -  Fluvial Geomorphology and Riparian Issues Group, http://cvrv1208.doc). 

Aerial photography:

Under the SB1086 Program, the California Department of Water Resources has developed a Sacramento River geographic information system.  For additional details see the summary report http://geosum1012.html.

Satellite imagery:

Depending on the images available, remote sensing techniques can provide CMARP with historical information on the extent of flooding during past years.  Aerial photography is a better source of detailed information on landscape relationships because of greater spatial resolution, but multi-spectral techniques can be also be extremely useful for detecting large scale seasonal changes and year to year variation, particularly variation associated with the distribution of water and vegetation across the landscape.  Multi-spectral images (e.g., Landsat Thematic Mapper Satellite Imagery and SPOT Multispectral Satellite Imagery) can be purchased for multiple years and seasons and classified by various techniques to categorize habitat types across temporal and spatial scales (Rejmankova et.al. 1995).  The multispectral images combined with other available GIS coverages can be used to quantify seasonal changes in flooded area and the location of riparian and wetland vegetation types and managed areas such as agricultural fields.  In many cases the techniques to perform these analyses are already being developed in the Central Valley.  For one example of the use of this technology see "The California Central Valley Wetlands and Riparian GIS data" (http://maphost.dfg.ca.gov/wetlands/metadata/wet_met.htm#tee).
C. The importance of professional judgement for determining sampling site location:

In addition to selecting sites using remote sensing techniques, sites should be evaluated on the ground prior to their final selection as CMARP monitoring sites.  Professional judgement can be used to qualitatively determine the condition of sites "on the ground".  The Bureau of Land Management, the United States Forest Service and other agencies are using rapid assessment techniques to score sites (i.e., Proper Functioning Condition technique (provide ref).  Methods such as these can be used to ensure that monitoring sites represent a more varied array of habitat quality conditions and to provide baseline information on "ecosystem condition" prior to restoration.

D.  Measurements:

If chosen correctly, transects will represent a variety of habitat types and physical processes grading from the water column to terrestrial habitats.  Measurements should be chosen to support the widest array of research objectives and seek to adequately describe the condition of habitats before and after restoration and management.

Characterizing these habitats and the physical/chemical processes that support "ecosystem health" will require a fairly intensive effort.  A baseline set of measurements should be chosen to describe sites and additional measurements could be added depending on specific research objectives.  Measurements will depend on whether the sampling location is a water column or terrestrial site.  Because the sampling regime cuts across ecotones, a decision tool might assist the investigator in selecting appropriate measurements.  Below is a preliminary list of data that should be included in a baseline monitoring plan designed to record floodplain response during multiple seasons .  Not all measurements will need to be included at all locations. As noted above, floodplains should be sampled during various periods of inundation and include areas that possess a variety of habitats which are described by their geomorphic and vegetation characteristics.  Toe determine how floodplains are affected by land use characteristics, floodplain sampling must include areas that possess a variety of cover types, from emergent wetlands to agricultural fields.  For ease in matching measurements with indicators, the following list is categorized using the system proposed by the Indicators Workteam (1998).

Hydrologic Measurements
Water level (depth)

Flow measurements to characterize stream flow and tidal action (Stream gauge information near the site is optimal)  See Section E on hydrology for more details on measurements needed to support hydrologic modeling, particularly during low flow conditions.

Flow measurements to characterize habitat quality for fish and other mobile organisms

Geomorphic/Soil Measurements

Soil moisture levels 

Proximity to topographical features such as location of the thalweg and littoral zone

Soil/Suspended Sediment organic matter, nutrients (N,P,C)

Particle size distribution (clay versus sand)

Accretion rates (includes sediment and organic matter)

See overview by John Williams and contribution by Kris Vyverberg for additional information on sediment measurements.

Habitat Measurements

Verbal description of habitat based on traditional classification techniques (water column, freshwater emergent vegetation, etc.)


Presence/absence of unnatural barriers interfering with natural movements of native species


Water column/water quality



Dissolved oxygen



Turbidity/suspended solids.



Temperature



Chlorophyll



Primary production (i.e., C-14 light and dark bottle techniques)



Nutrients (forms of nitrogen, phosphorus and carbon)





Fauna


Presence/absence of species that are mobile (zooplankton, insects, amphibians, reptiles, birds, fish, mammals).  This will assist in the determination of the habitat's connectivity to other habitats particularly for water column habitats.





Flora (Vegetation type)



Presence/Absence



Percent Cover



Samples for biomass in selected locations (see below)

Native Biological Community Measurements
Trends in the diversity, composition and distribution of the following groups should be estimated at each floodplain site.

a. phyto and zooplankton assemblages

b. riparian insect assemblages by functional groups  (See Alevizon contribution)

c. benthic invertebrate assemblages by functional groups (See Benthic Invertebrate Group for guidelines)

d. native resident birds and migratory birds (See Nur contribution)

e. native plant associations

f. native mammals (not covered to date)

g. native fishes (See Randy Baxter contribution,  Monitoring and Research for Fishes in Shallow Water Habitats)

h. Invasive introduced (exotic) species (developed per taxonomic level contribution)

i. Note fish and wildlife health incidence of diseases, tumors, fin damage, or other anomalies and deformities

Community Energetics/Nutrient Cycling Measurements


Biomass and carbon content of vegetation

Amount of litter accumulation
Concentrations of dissolved nitrogen, phosphorus, carbon in soil and water column

E)  Hydrology data needed to support hydrologic model development for floodplains

(The information provided below is drawn from ongoing research on floodplain modeling in the Yolo Bypass being pursued by the author (Pawley, The Bay Institute).  Additional information is needed for the Sutter Bypass and Sacramento and San Joaquin Riverine Systems; however, a more in-depth analysis of data needs will need to be conducted in these areas.  Also see Floodplain Research and Monitoring Objectives, Goal B, Objective 6 in http://fp2_1019.doc.)

When models are developed to simulate ecological conditions rather than flood peak conditions, the data requirements are rigorous.  To provide an example of the additional information needed to characterize conditions during dry years, we summarize the current level of hydrologic data and the information gaps that limit the characterization of the extent and duration of flooding, and the characterization of the flow depth and velocity. 

Hydrologic simulations of the Yolo Bypass have been conducted with the objective of evaluating the flood control capacity of the system. These projects include the UNET and RMA-2 models developed by the U.S. Army Corp of Engineers and the RMA-2 model developed by Northwest Hydraulic Consultants (check name). These models were calibrated to high flow events such as the 1986 flood. The utility of these models for the low flow conditions that most affect fish populations is limited. 

The hydraulic conditions in the Yolo Bypass are very different under flood conditions than under low flow conditions. For example, flow through the Yolo Bypass under low flow conditions is likely to be constrained to the Toe Drain and the channels feeding it, such as engineered channels from Cache Creek and Putah Creek, as well as irrigation channels. To be useful for this application, these models would have to be re-calibrated for low flow. To accomplish this calibration, finer resolution data is required to describe inflowing streams, surface roughness and channel geometry. These data requirements are detailed further below.

1. Inflows and outflows

Cache Creek, Putah Creek, the Willow Slough Bypass, the Knights Landing Ridge Cut, the Sacramento Weir and the Freemont Weir contribute to the Yolo Bypass. 

The Knights Landing Ridge Cut is not gauged, and may be a major water source.

The USGS maintains gauges on Cache Creek at Yolo and Putah Creek at Winters, but these gauges are several miles from the Yolo Bypass and may not accurately reflect inflows to the Bypass, particularly under low flow conditions. 

The Willow Slough Bypass is apparently gauged, and there is a gauge on Putah Creek at the Old Davis Bypass, which is close to the Yolo Bypass, but it is unclear who maintains these gauges and whether this data is automatically collected. 

Flow over the Freemont and Sacramento Weirs are gauged; data is available from the CA Dept. of Water Resources and the USGS respectively.

2. Instream gauges

Only two stream gauges are currently operational within the Yolo Bypass: Woodland (maintained by the USGS) and Lisbon (maintained by the CA DWR). This means that there are only two points at which hydrologic models of the Yolo Bypass can be calibrated. The utility of the Lisbon gauge for model calibration is limited because the river system is tidal there. This causes hourly fluctuations in stage and a non-unique relationship between stage and discharge. A rating curve for the Lisbon station is available from CA DWR, but its accuracy is unknown. Additional instream gauges would be very helpful to improve our understanding of the system hydrology. The technical challenges of developing rating curves in a system this large are formidable, however, especially when there are few bridges crossing the channel.

The two existing gauges are not calibrated for low flow conditions. Data at the Woodland gauge is limited to flows above 1000 cfs, which corresponds to depths of up to 4 feet in the Toe Drain. Whether and when the Toe Drain goes dry has implications for coupled ecological and hydrologic models of the system. Improving the low end of the rating curves for these two stations may be easiest way to increase the data available for the system.

3. Basin topography

The Yolo Bypass is not a simple river channel, and although the surface has been plowed extensively there remain landscape features that influence water flow across the floodplain. Swales and rises are present in the northern portion of the Yolo Bypass, where high velocity inflows from Cache Creek, the Knights Landing Ridge Cut and the Freemont Weir have shaped the landscape, canals and engineered channels cut across the agricultural fields and connect tributaries to the Toe Drain. In the southern Yolo Bypass, there is a strong west to east slope of the land surface.

Under low flow conditions, where flow is entirely contained within the Toe Drain and canals, the geometry and roughness of these channels will determine the system behavior. The Toe Drain configuration has been neglected in simulation of flood stage conditions because it carries a relatively small fraction of the river flow. It is unknown whether detailed cross sections of the Toe Drain have been measured.

Currently, the highest resolution topographic maps of the Yolo Bypass are USGS Quad sheets, which have a contour interval of five feet. It does not appear that more detailed cross sections have been made of the Yolo Bypass, except in certain areas for the development of the Army Corps’ RMA-2 model of the Yolo Basin Restoration Project. The sheer size of the system makes this task difficult, although the development of GPS technology makes this data collection feasible. The Army Corps’ also used aerial flight surveys to refine the data on USGS quad sheets for the purposes of this model.

Detailed topographic information is important because of the varied sources of water to the Yolo Bypass. For a given stage at Woodland, there are a variety of possible flow configurations upstream in the Yolo Bypass. For example, a discharge of 20,000 cfs through the Yolo Bypass may be entirely derived from Cache Creek or entirely from the Freemont Weir, or a combination of these and other inflows. The inundated area, mean flow depth and mean velocity will be very different depending on the quantity of water from each tributary. The resolution of the Army Corps’ RMA-2 model is not sufficient for flows less than about 100,000 cfs (Dearing, personal communication). In order to capture topographic effects such as ponding which lead to fish strandings, a still higher level of topographic resolution is required.

4. Floodplain features

Average hydrologic properties, such as mean velocity or mean depth do not characterize the variety of flow conditions, such as eddies or riffles which have a great influence on the suitability of the habitat for fish. Sophisticated two-dimensional models are required to resolve these variations in flow velocity. Detailed characterization of the floodplain roughness is required to realistically simulate the actual flow field. The resolution required depends on the flow model resolution. It is unknown whether the Army Corps’ RMA-2 model has sufficient resolution of roughness to describe the small scale features that influence the river habitat. 

In summary, listed below are areas where more hydrologic data will improve our understanding of the hydrologic processes in the Yolo Bypass under low flow conditions. They are listed roughly in order of their usefulness, not in order of the ease with which they could be developed.

1. Develop new stream gauging stations within the Yolo Bypass

2. Develop new stream gauging stations on tributaries to the Yolo Bypass on: the Knights Landing Ridge Cut, Cache Creek, the Willow Slough Bypass, and Putah Creek

3. Refine the resolution of existing stream gauges within the Yolo Bypass to include low flow conditions and to further define the relationship between stage, discharge and upstream flow patterns.

4. Refine the cross-section data for the Toe Drain and other canals and channels

5. Refine topographic data for the broad floodplain surfaces

6. Improve the spatial resolution of surface roughness data

IV. RESEARCH

See the companion contribution, Floodplain2.doc for suggested research hypotheses/questions and associated research needs.  This list has been organized around the restoration objectives of the Draft Strategic Plan (1998) produced by the Strategic Plan Core Team.

V.  INDICATORS

Following an indicator approach facilitates the use of monitoring and research to inform decision making, an integral part of the adaptive management process proposed by CalFed.  The CalFed Indicators Workteam (1998) has designed a process of indicator development and selection that can be used across the entire geographic area of the CalFed region.  This process recognizes the need for indicators that span a variety of spatial and temporal scales.  Indicators can be divided into the following broad categories (management, stressor/pressure and ecosystem integrity/condition) and measured before, during and after the implementation of a restoration plan to determine its merit.  Additional work is needed to develop and refine indicators for floodplain systems; however, the following example (Figure 3) provides a framework that can readily used to categorize floodplain indicators.

VI. LINKS

The proposed research supplements the research of the following CMARP workteam products: (This list is not comprehensive.)
-- Monitoring, Research, and Assessment Components for Benthic Macroinvertebrate Communities

-- Monitoring, Research, and Assessment Components for River Resident Fish Species

-- Comprehensive Monitoring and Research Program for Fall-Run Chinook Salmon and Steelhead in the San Joaquin River tributaries, the Eastside Rivers, American River, Feather River and the Yuba River

-- Bay Delta Shallow Water Habitats - Geomorphology Emphasis


In addition to the CMARP documents listed above, there are ongoing efforts upon which a floodplain research program should be built.  To be effective, hydrologic information gathering must be coordinated between DWR, USGS, and the ACOE.  Research on riverine productivity should be coordinated with previous and ongoing studies of IEP, USGS (Schemmel, pers. comm., Cloern, ongoing), and the University of California, Davis (Jassby and Brett, pers. comm.).  In the northern delta, fisheries studies in the Sutter Bypass are being pursued by CDFG (Baxter, pers. comm.) and in the Yolo Bypass by DWR (Sommer, pers. comm.).  The Bay Institute (Pawley and Largay, personal communication) is developing a generalized Yolo Bypass floodplain model.  The Biological Research Service (BRD) has performed amphibian surveys of USGS and to some extent at U.C. Davis (Hanson and Schaffer, pers. comm.).  For bird surveys, work should be better coordinated between the FWS, CDFG and the Point Reyes Bird Observatory.  For additional information on the hydrology and overall condition of wetlands, we reiterate the comments of the Shallow Water Habitat Geomorphic Group that CalFed should seek more information from Mosquito Abatement Districts, Reclamation Districts, and associations of private agriculturists and duck hunters.  The Sacramento River Advisory Council (SB 1086 Program, 1998) has compiled an impressive body of information and recommendations that can be used to locate sampling sites for the more terrestrial aspects of a floodplain sampling program. The ACOE is embarking on a new study that could provide supporting information to better design a CMARP floodplain sampling program as it develops.
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