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ECOSYSTEM CONTEXT MEMORANDUM
(Initial Draft version 2 May 11, 2007)

Introduction

The Sacramento-San Joaquin Delta and the Suisun Marsh are important components of the San Francisco Estuary, which is one of the largest estuaries in the United States.  The Delta is formed by the convergence of the Sacramento and San Joaquin Rivers, two of California’s major rivers, and can be described geologically as a river valley that has been tectonically reshaped and flooded by sea-level rise (for a better description of the geology of the estuary see Kimmerer, 2004).  The Sacramento, San Joaquin, Calaveras, Cosumnes, and Mokelumne rivers that feed into the Delta convey 47% of the States annual runoff from over 40% of the State’s land area (DWR, 2005).  
The aquatic organisms of the Delta and Marsh provide many ecological services to areas both upstream into the watersheds and downstream into the Pacific Ocean.  These services include several important recreational and commercial fisheries, water quality protection, provision of urban and agricultural runoff system, and many others. The Delta and Marsh are also ecologically linked to the entire western region of North America, Central America and some of South America through migratory birds.  Many of the migratory birds that depend on the Delta and Marsh as an important part of their seasonal migrations travel to the Artic and South America.  According to San Francisco Bay Joint Venture (2001), the bay estuary is the only site along the Pacific Flyway where close to a million shorebirds have been counted in a single day and it hosts more shorebirds than all other coastal California estuaries combined. They go on to state that close to half of the migrating West Coast waterfowl winter in the Bay Estuary. The estuary has been designated by the Western Hemisphere Shorebird Reserve Network as a site of "Hemispheric Importance", which is its highest ranking. 
In the last few decades, we have come to understand a tremendous amount about the ecology of the San Joaquin-Sacramento Delta and Suisun Marsh.  This information is based on numerous monitoring programs, scientific inquiries, and historical records.  As our understanding has increased, our assumptions have changed.  Dr. Peter Moyle, in “Paradigm Shifts in Our Understanding of the San Francisco Estuary as an Ecosystem” (Appendix A of Envisioning Futures, Lund et al, 2007) lists several important shifts in scientific thinking about the Delta that are taking place (see Box 1).  These should be considered as we build a new Vision for the Delta.  
The ecosystem of the San Joaquin-Sacramento Delta and Suisun Marsh is both tremendously complex and inherently dynamic.  Both of these ideas need to be given weight in trying to manage the system for future outcomes.  Unfortunately, as we begin to understand portions of these systems and how the processes intertwine, we can lose sight of this dynamic underpinning because we focus on how complex these systems are.  Ecologists will generally assume that the ecology of a delta is defined by a dynamic hydrogeological nature and not necessarily reiterate this concept when speaking to non-specialists.  We need to remind ourselves that both complexity and dynamic change are both keys to understanding our ability to manage the Sacramento-San Joaquin Delta and Suisun Marsh.   

In trying to understand all the ramifications of management actions that can be undertaken, the forecasting of effects cannot be precise and may not be accurate.  Also, as a society we tend to prefer to focus on the relatively small area of the Delta and Marsh, when instead, the ecosystem boundaries are not fixed, but instead vary depending on the perspectives of those seeking answers.  With these concepts in mind, a broader or higher look at the system is preferred when discussing overall “ecological vision” for the Delta and Marsh.  

Ecological Issues and Conflicts in Management

One of the most common responses as a preferred goal when dealing with the Delta is that we maintain or re-gain the health of the ecosystem.  In “Delta Vision: Stakeholder Assessment Report” the Center for Collaborative Policy (2007) reports on interviews with over 75 key leaders and stakeholders and on roundtable discussions focused on the Delta.  In regards to ecosystem and native species health they state:

“The need for a healthy Delta ecosystem was one of the few issues for which nearly universal support was reported.  Every stakeholder group recognizes the value of a healthy ecosystem.  Ecosystem health affects water quality, recreation, habitat, and species compositions and populations.”  

Unfortunately, when we ask our scientists how to achieve this goal, they will ask what is wanted as a healthy ecosystem.  In their report the Center for Collaborative Policy goes on to state that “a working definition of what constitutes ecosystem health is needed.”  The Executive Order for the Delta Vision Task Force does give more guidance:

“1 (d). Develop a program for sustainable management of the Delta’s multiple uses, resources and ecosystem. Sustainable management of the Delta means managing the Delta over the long term to restore and maintain identified functions and values that are determined to be important to the environmental quality of the Delta and the economic and social well being of the people of the state…”

This reaffirms that the basis for a healthy ecosystem is one that is sustainable; it can withstand perturbance without loss of stability.  A high level of biodiversity is usually associated with the ability of a system to withstand a significant decline or loss of a species and in this way tends to keep the overall system stable over time.  For ecologists, biodiversity is assumed to include a high level of native species left in the system.  This is usually due to the basic premise that invasive-nonnative species tend be generalists and as such will drive down biodiversity (a system full of a few generalist versus a system full of many specialists).  
The goal of a stable system should not mean that the goal is for a system that does not change. Holling and Gunderson (2002) discuss the ability of an ecosystem to adapt to future conditions being predicated on the resources within the system at present.  In essence, an ecological system is always evolving, but a system needs the resources to respond to perturbance without loss of the ecosystem functions and services.  Stability is the ability to maintain the functions and services and not the individual components.
More focused measures of ecosystem health are tied back into the system that is being studied and tend to ultimately rely on a value placed on that system by society.  For example, when discussing the Delta Smelt, we can ask about the health of the Delta’s ecosystem relative to whether the Delta Smelt populations can remain viable over time.  This is a value (the protection of the Delta Smelt, an endemic species that if extirpated from the Delta would no longer exist in any natural system) given through our environmental policies at the state, national, and international levels.  The loss of a species does impact an ecosystem, but our society’s valuing of the current (or past) ecosystem over a future ecosystem is not saying that a future ecosystem without the Delta smelt is “healthier” than the current one. If we ask whether the current system is better for society than a future system that lacks certain species, this is a question of value, and it is an appropriate question for society to answer.  Society has answered that question many times with policies, regulations, laws and treaties that seek to preserve species.

The portion of the Executive Order quoted above asks that a program for sustainable management of the Delta be developed.  This reflects current thought that the services and functions of the Delta and Marsh are not sustainable. Further, there are many management needs (or ecological services) that are in conflict with each other.  At the risk of missing some that are very important, below are examples:
Water Exports versus Ecosystem Needs.  The Delta evolved under a hydrology that is no-longer available due to societies need for the use of the water.  We have changed the timing, temperature, quantity, and flow patterns of the water into, out of, and within the Delta.  In the Suisun Marsh, the system is maintained by hands-on management that seeks certain services such as migratory bird habitats (duck clubs).

Levee Maintenance versus Riparian Habitat.  Polices and regulations that are set up for levee inspection and integrity conflict with management goals of the environmental agencies for riparian habitat that shade the channels of the Delta.  Although some methods exist to lessen this conflict, these usually require funding resources that are not easily found. 
Urbanization versus Wildlife Habitat.  Affordable housing, local government economic considerations, and private property rights all help drive urban development.  There are direct impacts that this has on environmental management objectives such as loss of habitat.  There are also many indirect impacts such as increased use of environmental services, predation by domestic animals, and increased potential for the introduction of non-native invasive species.

Striped Bass versus Native Fisheries.  Striped bass are an introduced species into the system.  Striped bass are both predators and competitors with some native species and in order to maintain a harvestable population of striped bass, managers need to use methods that conflict with management of some of these native species.

Sport Fishing versus Commercial Fishing.  Even two interests groups that have so much in common can ask for management practices that conflict with each other.  Both would like a harvestable population, but they will differ in which species are a priority and especially in harvest rates.

Agricultural versus Migratory Bird Habitat.  Although similar to urbanization in some ways, agriculture’s impact can be greatly mitigated by careful consideration of best management practices.  Still, maintenance of farm-crops does require practices that conflict with many environmental management goals.

We will be able to solve some of the management conflicts, but some will require very difficult choices.  Unfortunately, if we do not make these choices as a society, the system will make them for us.  As an example, if a large seismic event happens either in the Delta our close by in the Bay area, we are likely to lose several islands (see Mount and Twiss, 2005 and the Delta Risk Management Study).  Uncontrolled island flooding, especially is multiple islands are involved, will greatly affect the ability to manage the systems in a way that maintains many of the ecosystem services for which society demands.
Another method used to understand what we as society want from the Delta is to examine the ecological functions of the Delta and then determine what functions we value and would seek to preserve or enhance.  Ecosystem services and functions have been defined as “the capacity of natural processes and components to provide goods and services that satisfy human needs, directly or indirectly” by De Groot (1992).  In a later paper, he grouped these functions into primary categories (as modified in De Groot, 2002): Regulation functions; habitat functions; production functions; and information functions (see text Box 2 for more information).  

In the Envisioning Futures, Lund, et al (2007), list the services that are supplied by the Delta.  These include several that are easy to discern as ecological services (ecosystem nutrients and support, migration routes for salmon and other fish, and recreation), and several more that have a strong tie (agricultural land use, water supply, salt, waste and drainage disposal).   

In some ways, we are already seeing the instability of the Delta and Marsh, including impacts to various services and functions.  The Interagency Ecological Program has been studying a marked decline in several of the pelagic organisms of the Delta with the Pelagic Organism Decline work group.  The Department of Water Resources is currently working on the Delta Risk Management Study to document the risks associated with flooding and Delta islands.  And many of the listed species of the Delta and Marsh are still declining even though the CalFed Bay-Delta Program has concentrated management and restoration efforts to protect these services. 
An emerging area of study is the combination of the ecological, social, economic and political sciences.  Holling et al (2002) describes this new synthesis of theories as the best way to understand systems that combine social and environmental processes over time and space. They go on to further state: “mediation among stakeholders is irrelevant if it is based on an ignorance of the integrated character of nature and people” (Holling, 2002, page 8).  A term that reflects this integration is “social-ecological system”, which is based on the idea that ecosystems cannot be understood without consideration of the social aspects of that system.
Towards a Broad Ecological Understanding of the Delta and the Suisan Marsh
A very important concept to acknowledge is that the San Joaquin-Sacramento Delta cannot be changed back to what is was 200 years ago.  Although any ecologist would have a very difficult time forecasting what the system will look like if society would just let the various processes run their courses with the current forces remaining in place, we know that the past system will not be the future system.  Delta systems fluctuate around a given state, but they are not circular – the “given state” changes or evolves over time.

In general, almost any river delta will have an ecosystem that is somewhat defined by change over time.  A river delta’s geology and hydrogeology evolves over time, forcing the biological system to continually respond to these changes.  Ecosystems respond to these abiotic drivers by re-setting some of the biological system and/or pushing the system in a different direction.  The species that inhabit a changing system have the ability to respond to changes, or else they do not persist in that system.  At the same time, most species have a limited range of response, and as the system continues to change, different species become dominant and some that had been dominant will fade.  This process usually takes decades or longer to play out, though sometimes a significant change can happen relatively quickly, such as a response to a dramatic hydrologic event such as an extreme flood event or conversely an extreme multi-year drought.
In the San Joaquin-Sacramento Delta, not only has the system changed due to natural processes, human changes in the last 150 years have significantly altered both the abiotic drivers (altered hydrology, levees, water quality changes) and the biological system (introduced species, commercial and recreational harvesting, reduction of tidal marshes, shaded riparian habitat, and other important habitat types).  Relative to natural processes, these changes have been very abrupt and system wide.  These changes are producing a variety of responses by the biological system including a basic change in the food web (in large part due to the establishment of the overbite clam (Potamocorbula amurensis) and several other exotic species (see Bennett, 2005)).  Hydrologically, we have greatly altered the system with the creation and stabilization of interconnected channels, alteration of flow patterns, reduction of freshwater inputs, and a major loss of the tidal dendritic channel networks through emergent vegetation such as that which characterized the areas where the Delta islands now exist. 
Important to our discussion of this ecosystem, is a general understanding of the importance of the various spatial and time scales affecting the system.  In the Delta and the Marsh, tides will have an effect that varies over a roughly 6 hour period (2 high tides and 2 low tides per day).  The amplitudes of the tides vary over a monthly time frame in addition to an annual cycle (much of this due to seasonal weather).  There is also a daily change in temperatures and light (the driver for primary productivity that is the basis for the ecosystem’s food web), with a yearly cycle impressed on top.  Biological changes can also have many time frames such as the daily fluctuations in availability of platonic prey items as they move up and down in the water column, the seasonal predation effects of adult anadromous fish as they pass through the Delta on their way to their spawning areas, to the population response of an introduced species that takes several years to become established.   
Also important for our understanding of the Delta and Marsh are the various climate and weather cycles that tremendously affect the biological and abiotic systems (freshwater flow, sedimentation, temperature, oceanic up-welling, etc.).  The watersheds of the Delta include the Central valley, Sierra Nevada and Coastal Ranges.  These watersheds receive almost all of their precipitation during the winter and spring, with very dry summers.  This precipitation pattern is reflected in the Delta by a relatively large winter and spring flows, though the flows can be maintained well into the summer as the high-Sierra snow melts.  In the last 150 years, most of the Sierran rivers have been dammed and this flow pattern has been greatly altered.  

Besides seasonal cycles, the system is affected by longer term cycles such as the multi-year El Nino-Southern Oscillation and the multi-decadal Pacific Decadal Oscillation.  This area straddles the transition zone between wetter than normal and dryer than normal areas for both the El Nino-Southern Oscillation and Pacific Decadal Oscillation.  There are also long term shifts in Climate that have affected this region, including very long term dry cycles and several periods of sea-level changes.  Further, the variation in precipitation over the last 100 years is relatively small in comparison to some fluctuations that have occurred in the last 1000 years (see Malamud-Roam, 2007 for a discussion of this).

Spatial scales are also important to understand.  These scales run from the very small such as the interface between the water and air that is important for gas exchange to the very large such as the influence of the moon on the tides that relates to movement and mixing of waters within the Delta Marsh. Some of the organisms of the Delta and Marsh, such as the salt-harvest mouse may have a home range of a few square meters.  While other organisms, such as the Artic tern that can fly between the Artic and Sub Artic every year.
They ecological system responds to these differing scales with differing responses.  Some responses are quick, such as the response of the planktivores to the daily vertical movements of the plankton they feed on.  Other responses are delayed, such as the population changes of a predatory species to an increase in availability of its prey.  And some responses are even further delayed, especially those that are indirect responses to change such as the population changes to a species that is a predator to the predator species above.  Taken in total, as these time scales play out, the system seems to behave rather chaotically.  Though, if we are able to adequately tease apart the various forces acting over various time scales, we can come to understand many of the causal relationships.  

Unfortunately, predicting future states of such a complex system is exceeding difficult, even when we know the causal relationships and time scales that system is acting under.  Part of this is due to many forces that themselves are hard to predict over time, such as weather and societies response to changing conditions.  As with weather, we can make pretty accurate predictions or near term states, less accurate predictions of mid-term states, and pretty fuzzy predictions of long term states.  But, also like weather, we can make predictions of the generalized conditions such when the weather discussion turns into a discussion of climate.  As such, we need a need a solid foundation in the current and future drivers that are and will be causing responses of the system.  These drivers are many and can vary from highly important to those that, at least with current thinking, have little importance to our system.  
For our purposes, we should concentrate on the highly important drivers, but always be mindful of the potential for other drivers to become important.  Further, we should understand that for some of the drivers, policy makers have or can have a significant influence.  These drivers can be grouped into management actions or potential management actions.  Determining all of these actual and potential management actions will take a focused discussion.  
First Order Drivers – Stressors

In “The Role of Science in the Delta Vision Process: a Report to the Delta Science Panel of the CALFED Science Program,” Mount, Twiss and Adams describe 6 primary drivers of change to the Delta: subsidence, sea level rise, regional climate change, seismicity, exotic species and population growth/urbanization.  All of these primary drivers have had an effect, are currently effecting, or will have an effect on the ecological systems within the Delta and Marsh.  Although there are other important drivers, they make a strong argument that these drivers are worth considering first in discussing the changes that are and will be occurring within and to the Delta.  These drivers are all stressors that are difficult to control with management actions either because they are independent of these or are impervious to “day-to-day management response.”  They go on to describe “Critical Certainties” and “Critical Uncertainties” as those impacts from each of these drivers that are either highly likely to happen or those that we need a better understanding.    Taken in total, the authors conclude that the Delta and Marsh will not be able to provide into the future all the services that society is (or will be) asking from it.

“Finally, for the Delta visioning process to be effective, it must be acknowledged that a win-win option may not be ultimately achievable. ... [The] six first-order drivers of change in the Delta may limit a fundamental historical tenet of CALFED that “we will all get better together.” We believe that the visioning process will need to make hard choices as to the degree to which all Delta services can be maintained. These tradeoffs fall within the realm of policy, not science.” (Lund et al, 2007)
These drivers are also highly suspected in the current pelagic species decline that is undergoing intense study by a multi-agency task force, the Pelagic Organism Decline work group of the Interagency Ecological Program.

Managing the Ecosystem

Institutional and Regulatory Setting
The Delta’s institutional setting as it relates the managing the ecosystem is very complex, cumbersome, and contradictory.  There are agencies at all levels of government that have either a regulatory, oversight, management, or research role with the Delta and Marsh.  The institutional goals and objective for these agencies are sometime contradictory, or at least not complimentary.  As an example of the contradictory nature of the goals, the Army Corps of Engineers sets levee standards for Reclamation Districts and the State that require vegetation removal from the shores of the Delta channels.  The Fish and Wildlife Service and the Department of Fish and Game both have regulations and policies that encourage the growth and maintenance of riparian vegetation along the channels.  Table 1 is a list of several of the interagency programs, and Federal, State and local agencies that have some role in the management of the Delta and Marsh.
	Table 1: Federal, State and Local Agencies with Responsibilities in the Delta and Marsh

	Interagency Programs:
	Responsibilities:

	CalFed Bay-Delta Program
	Coordination of agencies and programs dealing with the environmental resources of the Delta and its watersheds

	Interagency Ecological Program
	Research, monitoring, and coordination of agencies dealing with the ecology of the Delta

	Suisan Marsh Charter
	Coordination of agencies and programs dealing with the environmental resources of the Suisun Marsh

	Pacific Fishery Management Council
	Fisheries Management (offshores fisheries)

	The Pacific States Marine Fisheries Commission
	Fisheries Management

	Central Valley Joint Venture
	Waterfowl conservation/management

	Federal Agencies:
	Responsibilities:

	US Fish and Wildlife Service
	Regulatory, management, monitoring and research

	NOAA Fisheries - National Marine Fisheries Service
	Regulatory, management, monitoring and research

	Natural Resources Conservation Service
	Restoration, conservation (Wetland Reserve Program)

	U.S. Army Corps of Engineers
	Regulatory (levee standards and wetlands); Flood Control

	Bureau of Reclamation
	Water management

	Environmental Protection Agency
	Regulatory, research and monitoring

	State Agencies:
	Responsibilities:

	Department of Fish and Game
	Regulatory, management, research, monitoring

	Delta Protection Commission
	Regulatory and management

	State Water Resources Control Board
	Regulatory (Water quality)

	Department of Water Resources
	Water and flood management

	Department of Food and Agriculture
	Farmland conservation, invasive species control

	States Lands Commission
	Land management

	Boating and Waterways
	Recreation management; invasive species control

	Local Agencies:
	Responsibilities:

	Delta Counties
	Land use planning and zoning

	Delta Cities
	Land use planning and zoning

	Reclamation Districts
	Flood and land management

	
	


Both the current and the future management of the Delta and Suisun Marsh are closely tied to various treaties, regulatory laws, policies and processes.  Readily put into this category are the Migratory Bird Treaty, the State and Federal Endangered Species Acts, the Clean Water Act, the State Reclamation laws, and the Delta Protection Act.  Urban and regional planning (county and city general plans, transportation plans, utility right-of-ways) have a tremendous effect on the surrounding areas, their use, and their sustainability.  Past (and current) litigation also has a significant effect on current regulatory processes.  Governments also effect the system with the various subsidies and economic incentives such as the Wetland Reserve Program of the Natural Resources Conservation Service.
The CalFed Bay-Delta Program was developed to help clarify and solve many of these conflicts.  A basic management premise for CalFed is that government’s management of the system will need continual changes.  As such, CalFed has adopted an Adaptive Management model (see Figure 1) to guide management into the future.  Although the implementation of adaptive management by CalFed has not been widely viewed as successful (see Little Hoover Commission, 2005), the model itself is useful.   (For a detailed discussion of this by CalFed see “Ecosystem Restoration Program Plan: Strategic Plan for Ecosystem Restoration” (CalFed, 2000)).  Adaptive Management gives us the ability to make progress towards a goal without waiting for the full path towards that goal to become apparent.  But, the ultimate attainment of the goal is dependant on the full process being implemented.  A very difficult step in implementing this Adaptive Management model for the Delta has been the synthesis of the research and studies conducted in a way that helps us to re-evaluate the problems.  Although this is happening within the various processes within CalFed, many of the stakeholders to the Delta have become disillusioned by the process and do not fully believe the process is working (see Little Hoover Commission, 2005 and Center for Collaborative Policy, 2007).  A significant outcome of CalFed’s reassessment is the realization that the first order drivers discussed above are pushing the system in ways not fully appreciated in the 1990’s. In addition, a general realization that an even wider range of services and functions of the geographic area that encompasses the Delta is important to the management of the system than was originally envisioned.  
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Figure 1:  CalFed Bay-Delta Program Stategic Plan Adaptive Management Model. 
Evaluating the Management of the Ecological System: Criteria of Success

In order for the Sacramento-San Joaquin Delta and the Suisan Marsh to be protected for the present and future, society needs a common understanding of our ecological vision.  We, as a society, need to determine what a healthy ecosystem is for the Delta and Marsh.  For the reasons stated above, defining a healthy system is not solely a scientific exercise, but requires an understanding of society’s expectations and needs.  The Delta Vision process has the elements in place to elucidate these expectations and needs, but sorting through the conflicts and contradictions will take careful thought. 
Some criteria for success are worthwhile, but not necessarily attainable due to the current conditions and known drivers.  For example, setting a goal that no native species be extirpated from the Delta or Marsh maybe desirable, with the current pelagic species troubles and the drivers that are looming, some species will probably be lost over the length of our visioning time line of 50 to 100 years.  A potentially better method is to describe what species suites and communities are desired.  Again, Lund et al., 2007, offer some guidance.  They described a desired suite of species as

1. Native species, especially endemic species (i.e., those that occur only within a particular area);

2. Species harvested for food and sport, including alien species, and

3. Species that support the organisms in the first two categories, usually as food, such as copepods and mysid shrimp.

Another method is to describe community types that should be protected or enhance within the overall system so that diversity can be maintained.  Lund et al. call for six basic habitats that must be maintained and/or improved:

1. Productive, brackish, open-water habitat;

2. brackish tidal marsh;

3. seasonal floodplain;

4. freshwater wetlands;

5. upland terrestrial habitat; and

6. open river channels.

These habitats must by sustainable over time and over the total area, but also allow for the dynamic processes that this system is based on.  The details of a successful management strategy will be very hard to determine without focused scientific study and policy direction over time.  
We should also recognize that society’s view of the Delta and Marsh will change.  Our values that we place in it and the expected services we receive will evolve as society changes over time.  As we develop success criteria, we need to keep this in mind and realize that these criteria need to be both broad and flexible.  Buzz Holling, who has been working for the last few decades on a unifying theory for social-ecological systems, gives us some appropriate advice in “A Journal of Discovery” (Holling, C. S., 2006, page 9):
“I learned that the key design was to identify large, unattainable goals that can be approached, but not achieved; ones that relate to fundamental values of free speech, freedom, equity, tolerance and education.  And then to add a tough design for the first step, in a way that highlights or creates options to design, later, a second step—and then a third and so on.  We found that the results were steps that rapidly covered more ground than could ever be designed at the start.  At the heart, that is adaptive design, where the unknown is great, learning is continual and actions evolve.”

Since Delta Vision is looking at the goals and objectives for the management of the Delta and Suisun Marsh, it fits into the Adaptive Management model.  Though not always appreciated, a re-assessment of these goals and objectives should not only be undertaken on the small scale of individual restoration projects, but should also encompass the full system and society’s overall vision. Although we do understand that synthesis and evaluation is a difficult step in the adaptive management model, the re-setting of goals and objectives can be the most difficult.  In order to be successful, we need to have a solid understanding of the system, search for common values of society and also recognize that system and society is always changing.  Future re-evaluations will and should occur; so that no matter how successful we are at present, we should not be complacent in believing that all the tough decisions will be done after we finish this current stage.  As the adaptive model suggests, the process is circular, so we will need to continue to learn about the system and society will need to continually re-evaluate our goals and objectives.  
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Box 1. Paradigm Shifts as adapted from Dr. Peter Moyle’s Appendix A “Paradigm Shifts in Our Understanding of the San Francisco Estuary as an Ecosystem” in Envisioning Futures for the Sacramento-San Joaquin Delta (Lund et al, 2007).


New Paradigm


Old Paradigm





Uniqueness of the San Francisco Estuary





The San Francisco Estuary is unique in many attributes, especially its complex tidal hydrodynamics and hydrology.


The San Francisco Estuary works on the simple predictable model of East Coast estuaries with liner gradients of temperature and salinity controlled by outflow with edging marshes, both salt and fresh water , supporting biotic productivity and diversity.





Invasive Species





Alien species are a major and growing problem that significantly inhibits our ability to manage for desirable species.


Alien (nonnative) species are a minor problem or provide more benefits than problems.





Interdependence





Changes in the management of one part of the entire estuary system affect other parts.


The major parts of San Francisco Estuary can be managed independently.





Stability





Delta landscapes will undergo dramatic chages as the result of natural and human-caused forces such as sea level rise, flooding, climate, and subsidence.


The Delta is a stable geographic entity in its present configuration.





Delta Pumping





The big pumps in the southern Delta are one of several causes of fish declines and their effect depends on species, export volume, and timing of water diversions.


The big SWP and CVP pumps in the southern Delta are the biggest cause of fish declines in the estuary.





�
�






Box 2: Primary Categories of Ecosystem Functions from De Groot, 2002:





Regulation Functions:  this group of functions relates to the capacity of natural and semi-natural ecosystems to regulate essential ecological processes and life support systems through bio-geochemical cycles and other biospheric processes.  In addition to maintaining ecosystem (and biosphere) health, these regulation functions provide many services, which have direct and indirect benefits to humans (such as clean air, water and soil, and biological control services.





Habitat Functions: natural ecosystems provide refuge and reproduction-habitat to wild plants and animals and thereby contribute to the (in situ) conservation of biological and genetic diversity and evolutionary process.





Production Functions: photosynthesis and nutrient uptake by autotrophs converts energy, carbon dioxide, water and nutrients into a wide variety of carbohydrate structures which are then used by secondary producers to create an even larger variety of living biomass.  This broad diversity in carbohydrate structures provides many ecosystem goods for human consumption, ranging from food and raw materials to energy resources and genetic material.





Information Functions: because most of human evolution took place within the context of undomesticated habitat, natural ecosystems provide an essential ‘reference function’ and contribute to the maintenance of human health by providing opportunities for reflection, spiritual enrichment, cognitive development, re-creations and aesthetic experience.
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