
































Comments on G. F. Lee letter to DeltaKeeper, 20 October 2003
Alan Jassby

November 14, 2003

These remarks are in response to a request by the CBDA to comment on Dr.
Lee�s letter. They are not meant to support or oppose any particular solution
to the DWSC DO problem, or the proposal in question, but rather to provide
additional information and perspective on some of the issues raised in the
letter.

Algal Availability in the Central Delta

On a Delta-wide average basis, algal (mostly phytoplankton) production is low
compared to many other estuaries. The main known reasons for low production
in the Delta are high turbidity due to mineral suspensoids and, since 1986,
grazing pressure exerted by the invasive clam Potamocorbula amurensis. The
latter is located primarily in Suisun Bay but appears to a¤ect the western
Delta through tidal mixing. Although the long-term trend in production and
biomass for 1975-1995 (the longest period for which continuous Delta-wide
data were available) was downward, primarily due to the clam, there is much
interannual variability and so we cannot say that there is currently any ongoing
trend in either direction. A non-technical summary of this and related work
can be found in the current issue of California Agriculture.1

Based on the work of Scott Nixon and many others (including Dr. Lee), we
know that low primary production usually implies low �sh production. It is
also fair to say that the long-term, two-fold decrease in primary production
between the 1970s and the 1990s probably a¤ected �sh populations. Based
on cross-system data from many water bodies, one would expect about a cor-
responding two-fold decrease in �sh production. Because of the di¢ culty of
estimating �sh populations and the presence of other factors, however, a two-
fold change is often not readily detectable. A recent study by Wim Kimmerer
showed that, of eight shrimp and �sh species examined, only two (starry �oun-
der and long�n smelt) re�ected the e¤ects of the Potamocorbula invasion and
resulting lower phytoplankton biomass. Nonetheless, although many other
factors may well be involved and direct evidence from the Delta is limited, the
cross-system data and Wim�s study suggest that primary production in the
Delta is limiting population biomass for at least some �sh species.

So the question naturally arises: should we encourage primary production in
the Delta and refrain from actions that might limit it? More speci�cally, will
higher �ow rates in the San Joaquin River transport needed phytoplankton

1http://californiaagriculture.ucop.edu/0304OND/pdfs/Delta_Phytoplankton.
pdf
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from the San Joaquin River upstream of the DWSC� where phytoplankton
are relatively plentiful� into the central Delta? I believe that higher �ow rates
will not ensure a greater phytoplankton supply downstream. The main reason
is that phytoplankton biomass in the San Joaquin River is controlled largely
by �ow.2 Because biomass goes down (nonlinearly) as �ow goes up, the mass
transport (load) of phytoplankton, which is essentially the product of the two,
cannot be predicted a priori. In fact, I just re-examined the historical data
through 2002 and it turns out that the phytoplankton load moving down-
stream in the San Joaquin River shows no relationship with discharge below
10,000 cfs (discharge rates of 1500�2000 cfs are necessary to ensure that no
DO depletion below the water quality objective occurs in the DWSC). Per-
haps even more important to inhabitants of the central Delta�s �owing water
systems, phytoplankton biomass and production (as opposed to phytoplank-
ton load) will probably decrease as San Joaquin River �ows increase. The San
Joaquin River carries other forms of organic matter besides phytoplankton and
these may very well be carried through to the central Delta more e¢ ciently
by higher �ows. However, Anke Müller-Solger�s recent feeding bioassays sug-
gest that phytoplankton in particular, and not organic matter in general, is
required to boost zooplankton growth rates in the Delta.3 Note that higher
�ows have many e¤ects, including bene�cial ones, and my claim is only that
neither phytoplankton loading nor biomass nor production in the central Delta
will go up as a result of increased �ows.

Mud and Salt Sloughs

Mud and Salt sloughs have been identi�ed as potential sources of seed algae
for phytoplankton populations in the San Joaquin River. From a theoretical
point of view, the size of the seed population is fundamental in determining
the load of phytoplankton biomass to the DWSC. Any reduction in seed size
should result in a comparable reduction in load. Based on the work of Colin
Reynolds and others, however, we know that river phytoplankton populations
are seeded by multiple sources, especially from quiescent areas where� because
of bed morphometry or vegetation� phytoplankton cells experience a longer
residence time and have the chance to build up their populations before being
swept out into the mainstream. I also pointed out in last year�s peer review
of this program that the Mud Slough load constituted only about 25% of the
"potential" load at Maze and the Salt Slough load may be largely nonalgal. So
there is reason on both counts to question the importance of these sloughs as
seed sources, although I have not examined the data in detail and perhaps there

2Jassby, A. D., and T. M. Powell. 1994. Hydrodynamic in�uences on interannual chloro-
phyll variability in an estuary: Upper San Francisco Bay-Delta (California, USA). Estuarine
Coastal and Shelf Science 39:595-618.

3Müller-Solger, A. B., A. D. Jassby, and D. Müller-Navarra. 2002. Nutritional quality
of food resources for zooplankton (Daphnia) in a tidal freshwater system (Sacramento-San
Joaquin River Delta, USA). Limnology and Oceanography 47:1468-1476.
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is more known at this point about the potential role of these sloughs. In any
case, the point to be made is that, if one or a few seed sources were dominant,
then control of phytoplankton proliferation at these sites would be an e¢ cient
way to limit the phytoplankton load into the DWSC. If there is strong evidence
that these sloughs are serving as seed sources, then I agree with Dr. Lee
that they need immediate attention. The simplest way to determine if the
slough populations are actually seeding downstream populations is to compare
phytoplankton species composition in the sloughs (or other suspected sites)
with those in the San Joaquin River. Similarity in dominant phytoplankton
species is a necessary (but not su¢ cient) condition for establishing a link
between a potential seed source and downstream communities. This limited
examination of the issue could be done with relatively little expense.

Nutrient Control

Dr. Lee�s letter also questions the e¢ cacy of nutrient control as a means to
limit phytoplankton loading into the DWSC, an opinion with which I concur.
Note that nutrient control to limit a source of seed algae (above) is a separate
issue and is feasible in principle. Here we are focusing on nutrient control to
limit the multiplication and proliferation of this seed as it moves downstream.
Based on data at Vernalis, phytoplankton populations are rarely limited by
nitrogen or phosphorus availability (and never by silica). The only years in
which nutrient limitation may have occurred were 1977 and 1992, when phy-
toplankton biomass exceeded 300 �g/L chlorophyll a, a huge value. Whether
or not a given percent reduction in nutrient loading would have any impact
depends on river discharge, which a¤ects both nutrient concentrations and the
time available for phytoplankton communities to grow on these nutrients. I
estimate that any reduction could induce limitation during the driest years
when mean monthly discharge < 500 cfs at the time of peak biomass. A 10-
fold reduction could induce some limitation during 18 of 33 years in the case of
N, and 24 of 33 years in the case of P. Nutrient control therefore has bene�cial
e¤ects, but realistic levels of nutrient reduction will probably leave peak phy-
toplankton levels unchanged in many years. Moreover, this informs us only of
the minimum reduction required to induce limitation: it does not tell us how
much reduction is necessary to limit phytoplankton biomass to acceptable lev-
els. Ironically, higher river discharge renders nutrient control even less e¤ective
because nutrient limitation eases as discharge increases. This occurs because
phytoplankton biomass decreases faster than total nutrient concentrations as
discharge increases, at least up to about 3000 cfs.4

Does this mean that nutrient control has no bene�ts? I believe that nutrient
control is warranted, even though it may not provide an immediate solution

4I hope to publish a review soon of these and related phytoplankton issues using the San
Joaquin River historical database.
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for low DO in the DWSC. Excessive nutrients from agricultural drainage or
animal wastewater have promoted huge and harmful phytoplankton blooms in
many locations around the world. This is not a major problem in the Delta
currently because of high concentrations of suspended sediments and accom-
panying turbidity. By decreasing transparency and limiting the penetration of
sunlight, turbidity slows phytoplankton photosynthesis. However, suspended
sediment in the Delta has been decreasing and transparency increasing for
decades. There are several possible explanations, including the trapping of
sediment behind dams; depletion of channel and �oodplain deposits of mining-
derived sediments; bank stabilization; and changes in the depositional nature
of the lower Sacramento �oodplain.5 The relative importance of these mecha-
nisms is not known precisely but, in any case, given the excess of nutrients in
the Delta, decreasing turbidity means that large phytoplankton blooms may
become a more common phenomenon.6 If such nuisance or harmful blooms
become common, control of nitrogen and phosphorus inputs from agricultural
drainage will become a much more important issue.

Even in the absence of further transparency increases, we may now be experi-
encing some of the drawbacks of high nutrient concentrations and a harbinger
of problems to come. The cyanobacterium (�blue-green alga�) Microcystis
aeruginosa has become much more common in the Delta since blooms started
appearing in 1999.7 Colonies �oat near the surface where they su¤er less light
limitation than many other species. They are not as edible or nutritious as di-
atoms and �agellates, and so they do not contribute e¢ ciently to the metazoan
food web. They also produce a liver toxin, microcystin-LR, and are therefore
a threat to our water supplies. When such species are involved, any reduction
of biomass is welcome, even if it does not solve the DWSC problem.

I welcome any comments or further information on the views expressed above:
adjassby@ucdavis.edu

5Wright, S. A., and D. H. Schoellhamer. In press. Trends in the sediment yield of the
Sacramento River, California, 1957�2001. SF Estuary Watershed Sci.

6Jassby, A. D., J. E. Cloern, and B. E. Cole. 2002. Annual primary production: patterns
and mechanisms of change in a nutrient-rich tidal ecosystem. Limnology and Oceanography
47:698-712.

7Lehman, P. W., and S. Waller. 2003. Microcystis blooms in the Delta. IEP Newsletter
16:18-19.
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