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ABSTRACT

1. The Sacramento-San Joaquin River Delta. a complex mosaic of tidal freshwater habitats in
California. is the focus of a major ecosystem rehabilitation effort because of significant long-term
changes in critical ecosystem functions. One of these functions is the production. transport and
transformation of organic matter that constitutes the primary food supply. which may be
sub-optimal at trophic levels supporting fish recruitment. A long historical data set is used to define
the most important organic matter sources. the factors underlying their variability, and the
implications of ecosystem rehabilitation actions for these sources.

2. Tributary-borne loading is the largest organic carbon source on an average annua Delta-uide
pasis: phytoplankton production and agricultural drainage are secondary: wastewater treatment
plant discharge, tidal marsh drainage and possibly aquatic macrophyte production are tertiary: and
benthic microalgal production. urban run-off and other sources are negligible.

3. Allochthonous dissolved organic carbon must be converted to particulate form  with losses
due to hydraulic flushing and to heterotroph growth inefficiency — before it becomes available to
the metazoan food web. When these losses are accounted for. phytoplankton production plays a
much larger role than is evident from a simple accounting of bulk organic carbon sources. especially
in seasons critical for larval development and recruitment success. Phytoplankton-derived organic
matter is also an important component of particulate loading to the Delta.

4. The Delta is a net producer of organic matter in critically dry years but. because of water
diversion from the Delta. transport of organic matter from the Delta to important. downstream
nursery areas in San Francisco Bay is aways less than transport into the Delta from upstream
sources.

5. Of proposed rehabilitation measures. increased use of floodplains probably offers the biggest
increase in organic matter sources.

6. Anisolated diversion facility channelling water from the Sacramento River around the Delta
to the water projects would result in substantial loading increases during winter and autumn. but
little change in spring and summer when food availability probably matters most to developing
organisms.

7. Flow and fish barriers in the channel could have significant effects. especially on
phytoplankton sources and in dry years. by eliminating “short-circuits” in the transport of organic
matter to diversion points.

8. Finally, productivity of intentionally flooded islands probably would exceed that of adjacent
channels because of lower turbidity and shallower mean depth. although vascular plants rather than
phytoplankton could dominate if depths were too shallow.
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INTRODUCTION

The Sacramento San Joaquin River Delta. a complex mosaic of tidal freshwater habitats in California.
is now a focus of ecosystem rehabilitation because of changes in critical functions associated with its
geographic location at the land-estuary interface. One of these functions is the production. transport and
transformation of organic matter that constitutes the 'primary food supply', i.e. the food supply to the
base of the food web. Interest in this function is motivated by evidence for sub-optimal food quantity or
quality at the trophic levels that support fish recruitment. Here. we use an unusually long historical data
set to examine the magnitudes of the most important organic matter sources, the factors underlying their
interannual and longer-term variability. and the implications of ecosystem rehabilitation actions for these
sources.

The Delta is the transition zone between San Francisco Bay and its watershed. a 1.63 x 10’ ha basin
occupying 407 of Californids land area (Figure 1). In the Delta. tributaries collecting precipitation from
this watershed coalesce and pass through a narrow notch in the coastal range into San Francisco Bay. The
Delta is now a focus of ecosystem restoration (CALFED. 1998) because of: (1) loss of the original
dominant tule (Scirpus spp.) marsh through filling and diking (Atwater e «/., 1979): (2) radical changes
in the seasonal pattern. magnitude, and routing of flows (Arthur er o/, 1996): (3) introductions and
invasions of exotic plants and animals (Cohen and Carlton, 1998): and (4) toxic contaminants (Brown and
Luoma, 1999). These changes have been accompanied by significant declines in the abundances of many
species of fishes that use the Delta as a migration route, nursery, or permanent habitat (Moyle ¢z «/.. 1992:
Jassby er al.. 1995). Some endemic species of fish have aready become extinct. others are now at risk of
extinction. and still others have dramatically reduced populations (Moyle, 1976: Meng and Moyle. 1995;
Kohlhorst. 1997: CDWK, 1999). All key components of the zooplankton and epibenthic invertebrates also
exhibit significant downtrends (Kimmerer and Orsi. 1996 Orsi and Mecum, 1996; Orsi, 1999).
Furthermore, phytoplankton primary production has decreased fivefold in the landward regions of the
estuary (Alpine and Cloern. 1992).

As mentioned above. food quantity or quality in the Delta may now be sub-optimal for fish
recruitment. The first trophic link is from pools of organic matter allochthonous or autochthonous to
primary consumers. Laboratory and field experiments of Foe and Knight (1985) showed that growth of
the clam Corbicula fluminea is limited in some regions of the Delta because of sub-optimal phytoplankton
biomass. Orsi and Mecum (1996) concluded that food limitation, a result of recent decreases in
phytoplankton biomass of the upper estuary. is the primary cause of Neomysis mercedis decline. Food
limitation probably has also contributed to declining abundance of rotifers and cladocerans (Kimmerer
and Orsi. 1996). For macrobenthic suspension feeders in general. Heip er «/. (1995) argue that system-wide
biomass and secondary production are limited by planktonic primary production.

A second trophic link is from primary to secondary consumers. including early stages of fishes that are
spawned and develop in the Delta. The majority of declining fish species in the Delta are 'recruitment
limited'. i.e. they have poor survival through the first year of life (Bennett and Moyle. 1996). Poor
recruitment may result in part from changes in the forage base supporting growth of fish in their first
year. For example. larval striped bass (Morone saxatilis) grow more slowly in the Sacramento-San
Joaquin Delta than in the Chesapeake Bay. Other species. such as delta smelt (Hyponiesus transpacificus).
are even more susceptible to food limitation and potential starvation because of limited abundance or
quality of invertebrate food resources (Nobriga, 1998). Success of juvenile chinook salmon (Oncorhynchus
tshawyrscha) is aso influenced by the food resource (CDWR. 1999).

The uncertainty in quantifying certain organic matter sources is high. Nonetheless. we believe it
essential to summarize existing data systematically because important conclusions can be drawn within the
constraints of this uncertainty. Specificaly, our objectives include: (1) identification of the primary
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