Floodplain Research and Monitoring Objectives 

(Note:  Hypotheses, indicators, and links to other programs are provided below).

A)
GOAL #1 ENDANGERED SPECIES

Achieve, first, recovery and then large, self-sustaining populations of at-risk native species dependent on the Delta and Suisun Bay, support similar re-establishment in abundance of at-risk native species in San Francisco Bay and the watershed above the estuary, and minimize the need for future endangered species listings by reversing downward population trends of non-listed native species. 

Hypothesis: Wetland and floodplain habitats contribute to the viability of threatened and endangered species

Monitoring Needs:  
· Status and population trends of endangered species and other important species in existing floodplain habitats (including the bypasses)

· Status and population trends of endangered species and other important species in existing wetland habitats.

· Status and population trends of endangered species and other important species in restored floodplain habitats.

· Status and trends of population endangered species and other important species in restored wetland habitats.

Research Needs:
· From existing research, develop a list of species in the Sacramento and San Joaquin River systems that utilize floodplain habitats. 

· From existing research, develop a list of species in the Sacramento and San Joaquin River systems that utilize wetland  habitats
· Develop a list of indicator species that most fully represent floodplain and wetland habitats.  Candidates include Splittail, Winter Run Chinook Salmon, amphibians and reptiles (list) 

Indicators: 

Population trends of selected indicator species, i.e. Splittail, Winter Run Chinook salmon at proposed transect sites listed above.

Methods:  

See sections written by Bill Alevizon (insects), Randy Baxter (fish), Nadav Nur of the Fluvial Geomorphology and Riparian Issues Group (birds).

B) 
GOAL #2 ECOSYSTEM PROCESSES AND BIOTIC COMMUNITIES
Rehabilitate the capacity of the Bay-Delta estuary and its watershed to support, with minimal ongoing human intervention, natural aquatic and associated terrestrial biotic communities, in ways that favor native members of those communities.

Objective 2. Increase estuarine productivity.

Rationale: The abundance of many species in the estuary may be limited by low productivity at the base of the food web in the estuarine ecosystem.  The causes of this are complex and not well understood, but may include a shortage of productive shallow‑water regions such as marshes. 

Hypothesis: Freshwater and tidal marshes contribute significant levels of organic carbon and other nutrients (N,P) to the aquatic food chain.

Monitoring Needs:  
· The flux of organic carbon from representative existing natural and freshwater and tidal marshes should be monitored on a seasonal basis to determine the effects of these systems on aquatic production.

· The flux of organic carbon from restored freshwater and tidal marshes should be monitored on a seasonal basis to determine the effects of these systems on aquatic production.


Research Needs: 

· Investigate alternative methods to monitor carbon and nutrient fluxes from wetlands to the aquatic system (Carbon and nutrient fluxes might be better estimated by mass balance budgets)

· Develop a method to estimate the influence of upstream nutrient sources to the downstream aquatic food chain

· Investigate possible scenarios to model these effects via a trophic food chain model 

Indicators: 


a. Ratio of floodplain to river production.


b. Export of organic materials from floodplain to river channel.


c. Percent increase in dissolved nitrogen and phosphorus following overbank flows.

.

Methods: 

Carbon sampling methodology (Productivity group?)

Objective 5. Provide flow releases in regulated streams to mobilize gravel beds, drive channel migration, and inundate floodplains in order to create and maintain channel and sediment conditions favorable to native aquatic and riparian organisms.  

Hypothesis: Creation of flow regimes that mimic natural flow regimes will encourage channel and sediment conditions favorable to native aquatic and riparian organisms.  

Monitoring Needs: 

· Classify alternative hydrologic flow regimes that mimic those of natural riverine systems. Hydrologic measurements at transect locations will support this analysis; however past data sets will more useful for this endeavor.  See DWR Dayflow measurements, USGS stream gauge information, etc.

· Develop a program to monitor the effects of high flood events (Capitalize on natural experiments.  This program could be modeled after a program instituted on the Mississippi River (Sparks et. al. 1998)

· Classify floodplain habitat types and observe changes in physical, chemical and biological responses in these habitat types after natural flooding events.

Research Needs:
· Studies should be conducted on 5-10 regulated rivers in the Central Valley to determine the effects of high flow releases. Experimental flood events should be followed by observations of flow effects on bed mobility, bed sediment quality, channel migration, invertebrate assemblages, fish abundance, and riparian habitats over a period of years. 

· Natural flood plains should be identified that can be inundated with minimal disruption of human activity.  This will require detailed mapping of riverine corridors and the creation of a G.I.S. that documents elevation gradients in areas proposed for floodplain inundation (see below)

· Hydrologic Simulation models should be created to support the investigation of alternative sites for high flow releases.

· Several sites should be targeted for the development of Hydrologic/Wildlife relation models to simulate possible effects of high flow releases.  Models that have been developed for other sites should be evaluated for their potential and adapted according to the site proposed.  


Indicators: 


Instream flow conditions:



Minimum base flows (cfs) at appropriate time scales. 



Water level (depth). 



Seasonal shift in stream level: annual maximum vs. minimum.



Measures of variability at appropriate time scales.



Geographic distribution of flows (inflows to mainstems by tributary).



Floods: natural pattern: 

Minimum surface area of floodplain inundated at least once every two years, and at least once every ten years.



Frequency of inundation at reference locations 


Flood duration (mean and variability).

Methods:  
Objective 6.  Re‑establish frequent inundation of floodplains by removing, breaching, or setting back levees and, in regulated rivers, by providing flow releases capable of inundating floodplains.
Rationale: Frequent (usually annual or biannual) floodplain inundation was an important attribute of the original aquatic systems in the Central Valley and was important for maintaining diverse riverine and riparian habitats. 

Hypothesis: The frequent inundation of floodplains by removing, breaching, or setting back levees and, in regulated rivers, by providing flow releases capable of inundating floodplains will lead to ecological and economic benefits in terms of increases in habitat and species diversity and flood reduction.

Monitoring Needs:
· Monitor and map the extent and distribution of existing natural floodplain habitat along the main stem of rivers and tributaries (seasonally and yearly).  This will provide quantification of baseline floodplain conditions and support classification of these habitat types.

· Classify floodplain and wetland habitat types in a biologically meaningful way.  This will support mapping projects, wildlife studies, and support the choice of appropriate floodplain restoration strategies. 

· Monitor wildlife associated with various floodplain and wetland habitat types. (Native species that use floodplain habitat should be identified and studied to increase our understanding of how floodplain habitat projects will best fulfill the needs of these species.)

· Monitor floodplain and wetland habitats before and after removing, breaching, or setting back levees. (Use initial floodplain reactivation projects to increase understanding of channel-floodplain interactions and potential restoration of processes.) 

Research Needs: 
· All existing unurbanized floodplains in the Central Valley should be identified and a priority list created for proposed flood plain restoration projects.

· Hydrologic simulation models should be created to support scenario analysis of levee setback projects.  Current models of various complexity (UNET, HEC2, and RMA models) have been developed for the Sacramento San Joaquin Delta System in its current configuration.  These models must be modified to account for possible changes in levee configuration.

· Strategies for the restoration of natural channel-flood plain dynamics should be developed and implemented in at least two large demonstration projects. Ideally these projects should be undertaken in each of the major drainages.  

Indicator:  



See flood (natural pattern) indicators in previous section



Habitat and species indicators should also be included

Methods: 

Transects (proposed above) will support the evaluation of this restoration program.
Objective # 8. Increase the extent of freely meandering reaches and other pre-1850 river channel forms.
Rationale:  Freely migrating rivers have the highest riparian and aquatic habitat diversity of all riverine systems.  Through the process of meandering, eroding concave banks and building convex banks, the channel creates and maintains a diversity of surfaces that support a diversity of habitats, from pioneer riparian plants on newly deposited point bars to gallery riparian forest on high banks built of overbank silt deposits. Similarly, wandering or braided rivers support distinct habitat types and thus are beneficial to maintain. Floodplain restoration can also increase flood protection for urban areas and increase the reliability of stored water supplies in reservoirs (because reservoirs can be maintained at higher levels because of reduced need to catch flood waters).

Hypothesis:  Increases in the extent of freely meandering reaches and other pre-1850 river channel forms will lead to more natural biologic communities and flood protection.

 Monitoring Needs:  
· Status and trends of endangered species and other important species in riparian corridors with freely meandering reaches (i.e., areas along the Sacramento River, San Joaquin?, Cosumnes River, Cottonwood Creek?)

· Status and trends of endangered species and other important species in restored river meanders.

Research Needs:

· Demonstration project that restores meander of rivers and provides analysis of before and after ecosystem conditions
Indicator:

Methods:
GOAL #3 HARVESTABLE SPECIES

Maintain and enhance populations of selected species for sustainable commercial and recreational harvest, consistent with Goals 1 and 2.
Hypothesis: Floodplain and wetland habitat restoration will have positive effects on species selected for sustainable commercial and recreational harvest.

Monitoring Needs: 

· Monitor the extent, distribution, and population trends of selected commercial and recreational species in existing floodplain habitats (direct estimates and catch per unit effort in restored areas?)

· Monitor the extent, distribution, and population trends of selected commercial and recreational species in existing freshwater wetland  habitats

· Monitor the extent, distribution and population trends of selected commercial and recreational harvest species before and after floodplain or wetland habitat restoration

Research Needs:
Indicator:

Methods:


D)
GOAL #4 HABITATS
Protect or restore functional habitat types throughout the watershed for public values such as recreation, scientific research, and aesthetics
Objective #3. Restore and maintain substantial examples of all aquatic, wetland, and riparian habitats in the Central Valley and its rivers.
Rationale: The diversity of aquatic habitats is declining in Central Valley watersheds, especially, in lowland areas.  Each habitat supports a different assemblage of organisms and quite likely many of the invertebrates and plants are still unrecognized as endemic forms. Thus systematic protection of examples of the entire array of habitats in the region provides some assurances that rare and unusual aquatic organisms will also be protected, preventing contentious endangered species listings.

Hypothesis:  Restoring a natural mosaic of habitat types including freshwater wetlands and riparian areas in riverine systems will provide ecosystem values and restore species diversity

Monitoring Needs:
· Record the extent and configuration of floodplain and wetland habitat types on an annual and seasonal basis
Research Needs: 

· Investigate the utility of alternate habitat classification systems that reflect the diversity of inundated habitat types (floodplains and wetlands) and research needs in the Central Valley.  This system should attempt to dovetail with existing habitat classification systems.

· Inventory of habitat types should be completed and areas prioritized for conservation actions. GIS habitat and land use trend analysis to determine amount of diversity and habitat types, connectivity (wildlife corridors, fish migration access)

· Experimental demonstration projects should be tried to investigate the effects of increasing, decreasing, minimum habitat areas on native biological community structure and diversity.

Indicator:

Methods:
Hypothesis:  Restoring contiguous sections of habitat associated with the riverine corridors will provide ecosystem values and restore species diversity
Monitoring Needs:
· Record the connectivity of floodplain and wetland habitat types on an annual and seasonal basis
Research Needs:

· Provide opportunities for research on the effects of connectivity on various species (including representative trophic levels and threatened and endangered species) 
Indicator:

Methods:
Objective 4.  Increase the area of tidal marsh (freshwater, brackish, salt) by removing or breaching levees (opening them to tidal action) and by increasing the elevation of subsided, leveed former marsh.
Rationale: Tidal wetlands represent, by acreage, some of the largest restoration projects that are likely to be attempted in the system. Restoration of tidal marshes in the Delta in particular will require major effort and innovation, because so many of the islands that could be restored to tidal marsh now have elevations considerably below sea level. If flooded, they will be too deep for marsh restoration at the present time. Therefore restoration will require large-scale pilot projects to find ways to restore marsh lands to such islands.

Hypothesis:  What is the effect of restoring tidal marshes (freshwater, brackish, salt) by removing or breaching levees (opening them to tidal action) and by increasing the elevation of subsided, leveed former marsh is feasible and will benefit of many species. 

Monitoring Needs:

· Monitoring that is associated with currently ongoing efforts to tidal marsh should be documented and made accessible for the planning of future tidal marsh restoration programs. 

· Experimental pilot projects to restore tidal marshes to Delta islands should be undertaken and long term monitoring should be supported in conjunction with these efforts.

Research Needs:
· Studies should be undertaken to determine how artificially raising the elevation of former marsh areas can facilitate the creation of self maintaining tidal marsh habitat.

Objective # 5. Maintain large expanses of agricultural land adjacent to restored aquatic, riparian, and wetland habitats and manage these lands in ways that are favorable to birds and other wildlife. 
Rationale: The CALFED region is one of the most productive agricultural areas in the world, so agricultural lands and practices will always have a big influence on natural habitats in the area. The agricultural land is important as winter feeding grounds for sandhill cranes, various species of geese, and many ducks. It is also frequently important for foraging raptors, such as Swainson's hawk, and other birds. These benefits are lost if the land becomes urbanized and intense land use disturbs or alters adjacent wetlands or aquatic systems. The negative aspects of modern agriculture from an ecological perspective include its heavy use of pesticides, its efficiency of crop harvest (leaving little for wildlife), its capacity to change land use quickly (e.g., from row crops to vineyards) and its ability to use every scrap of available land.  Thus, ideally, there should be a buffer zone of agricultural land that is farmed in environmentally friendly ways between the natural habitats and more industrial agriculture lands or urban areas. 

Question:  Buffer strips of agriculture farmed in environmentally friendly ways can provide important benefits to species such as foraging raptors (i.e., Swainson hawk) and other birds.  These areas can also protect river riparian systems from the effects of more harmful forms of agriculture that use pesticides.

Research Needs: 
· Agricultural lands should be identified and mapped throughout the Central Valley and Delta

· Agricultural practices should be classified and prioritized according to their potential benefits to native species. 

·  BMP's that protect environmentally sensitive lands should be evaluated.

Objective #6. Manage the Yolo and Sutter by-passes as major areas of seasonal shallow water habitat.  

Rationale: The Yolo and Sutter by-passes are artificial flood plains that were constructed in the 1920s as means to reduce or eliminate flooding of Sacramento and other towns.  They are immense in size and devoted largely to agriculture when not flooded. When flooded (mostly during the winter months of wet years) the Yolo By-pass alone doubles the wetted surface area of the Delta. Recent studies indicate that the by-passes are potentially important spawning areas for splittail and rearing areas for juvenile chinook salmon, as well as for other species.  Their potential as seasonal flood plain habitat that essentially replaces habitat lost from diking and urbanization is just beginning to be appreciated. A major wildlife area has just been established in the Yolo By-pass. Managing the bypasses at least in part for fish and wildlife has considerable potential and is worth investigating closely.  Information learned from these managed systems can assist us in understanding more natural floodplain systems and can be used to develop strategies for managing new by-passes in the San Joaquin Valley. Major problems to overcome are making improvements for fish and wildlife compatible with flood control and with agriculture. Because additional bypasses are being planned, the lessons learned in managing the Yolo and Sutter by-passes may have broad implications.

Hypothesis:  The Yolo and Sutter by-passes are artificial flood plains that can provide seasonal flood plain habitat that essentially replaces habitat lost from diking and urbanization. Artificially flooding these areas in dry years will provide substantial benefit to at-risk species, such as splittail and salmon.

Monitoring Needs:

· Studies of by-passes and how they are used by fish and wildlife should be continued and expanded.

· Studies of these areas should include estimates of carbon, 

· Phytoplankton, macrophyte, zooplankton, and juvenile fish populations should be monitored during flood events in multiple years

· Juvenile fish exports to the mainstem rivers and their effect on fish population levels needs to be evaluated 

Research Needs:  
· Studies should document and quantify trophic relationships to allow a better understanding of the mechanisms surrounding fish and wildlife production.  

· Studies should identify carbon output from these systems given alternative forms of management, i.e., planting portions of the system with agricultural species versus native species.

· Hydrologic models should be developed to support alternative management plans in the Yolo Bypass. These same models should be used to compare the relative benefit of flooding this system during the dry season compared to a more natural floodplain (i.e., along the Sacramento River) using similar models. 

· Experimental flooding of small portions of the Yolo By-pass should be attempted, in order to test ideas of the use of artificially flooded areas in dry years by at-risk species, such as splittail and salmon.

· CALFED or its member agencies should study alternative ways to make agriculture as compatible as possible with fish and wildlife conservation in these areas (see above)

E)
GOAL #5 INTRODUCED SPECIES
Prevent establishment of additional non-native species and reduce the negative biological and economic impacts of established non-native species.

Question:  What are the effects of invasive non-native species on natural floodplain habitats, native biological communities, and ecological processes?
Monitoring Needs:  

· Status and trends of invasive non-native species in floodplain habitats. 

· Aquatic and terrestrial plant and animal non-native species.

· Distribution, abundance, measure of new invasions.

Research Needs:

· Evaluate the invasive potential of animals and plants imported into Delta and Central Valley.

· Conduct appropriate research and monitoring to determine the ecological effects of key invasive non-native species in floodplain habitats.

Question:  What are the potential effects of invasive non-native species on restoration of floodplain habitats, especially riparian and wetland habitats?
· Conduct appropriate research and monitoring to assess the effects of invasive non-native species during pilot or initial riparian and marsh restoration projects

Question:  What are the efficacy and potential negative ecological effects of exotic control/eradication methods?
Evaluate the efficacy and negative ecological effects of existing methods to control/eradicate invasive non-native species in floodplain habitats.

C
Assess the need for new control methods.  Develop, test, and evaluate any needed new control methods

F)
GOAL #6 TOXICS
Improve and maintain water and sediment quality to eliminate, to the extent possible, toxic impacts on organisms in the system, including humans.

Hypothesis: Toxic contaminants have negative impacts on floodplain organisms.

Monitoring Needs:
· Assess contaminant load status and trends.

· Assess status and trends of contaminant concentrations in key floodplain species (e.g., listed species, harvest species, selected birds, selected fishes)

· Status and trends of contaminant concentrations in sediment/soil and water column in floodplain habitats.

Research Needs:
· Evaluate the need for contaminant risk assessment research (e.g., sediment bioassays, dosing experiments on key species, risk assessment modeling).  Conduct any needed contaminant risk assessment research.

References to be added…
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