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The Disastrous Decline of the San Joaquin River and Its Ecology 
Alex Hildebrand 
Farmer, engineerI member of the Bay-Delta Ooersight Council, and a director of South Delta Water Agency 

For more than40 years I have watched 
the enormous decline of the San 
Joaquin River and its water-related 
ecology. For more than 20 years I have 
listened to biologists and others de- 
bate the causes of decline of harvest- 
able fish and fowl, and more recently 
the survival of listed species. But I hear 
very little about the mtedationships 
of impacts of various kinds of fish, 
aquatic plants, wading birds, frogs, 

' redwing blackbirds, and turtles. And 
how is the delta's ecology affected 
by whatever is causing the ecological 
declines in and along the San Joaquin 
River upstream of its inflow to the 
delta's channel network? 

My family has owned a farm in the 
South Delta along the east bank of the 

San Joaqujn River for almost 50 years, 
and has resided on it for more than 30 
years. It is located downstmm of the 
mouth of the Stanislaus River and up- 
stmm of Mossdale. We have frontage 
on the main channel of the river and 
on an oxbow. 

In the early years of our ownership 
and residence, we swam and boated 
m the river and the oxbow. We listened 
to the chorus of big frogs croaking at 
night, and we saw the turtles that 
basked on logs in the sun, and the 
weasels, the muskrats and beavers, 
the egrets and cranes, and visiting 
flights of white pehcans. Native fish of 
many varieties wen? abundant, and 
river flows providqd ample depths for 

these activities and these species even 
at low tides. 4" 

Now the water is shallow and so 
choked with water hyacinthand other 
non-native aquatic plants that swim- 
ming and boating in the oxbow is im- 
possible. The river chamel is also no 
longer attractive. The frogs and turtles 
and weasels axe gone. And the popu- 
lation of fish, muskrats, raccoons, 
cranes and other water-related aea- 
tures is gratly diminished. 

What are the causes of this drastic 
decline? Is it possible to restore this 
beaulifd place and, if so, how? 

We mi plausibly identify a number of 
causes, but may not yet h o w  all of 
them, or wliich causes axe dominant, 
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or what synergisms are involved. We 
need a comprehensive strategy for 
restoration. We must avoid the temp- 
tation to pick some convenient 
"whipping boys" without establish- 
ing whether the problems selected for 
attention can, if corrected, provide sig- 
nificant nstoration without our also 
addressing other causes. 

Plausible causes include, but are not 
limited to, rrduced flows, increased 
salinity, non-native aquatic plants, 
non-native fish, channel aggradation, 
and toxic dscharges that may have 
incmsed. For most of the species I 
have mentioned, the introduced aquatic 
plants appear to be a major problem. 
(Diigent efforts by the Department of 
Boating and Waterways provide par- 
tial control of hyacinth but not of other 
aquatic plants.) I do not know how 
various species may have been af- 
fected by increased salinity or by 
toxins. Nor is it clear to what extent 
inaased salinity and any increase in 
toxins would be a problem if the flow 
were not reduced. The lack of flow 
might be less serious for some species 
if there were a channel maintenance 
program. There is no such program, 
and the elevation of the river bottom 

L 
from Vernalis to Paradise Cut has been 
raised by sedimentation during recent 
decades from below low tide level to 
above low tide level. 

Since about 1950, the inflow of the San 
Joaquin River to the delta has been, 
and still is being, greatly reduced. 
There are long periods when there is 
no net outflow from the river to the 
Central Delta. This causes reaches of 

- stagnant water and inadequate dis- 
solved oxygen for fish Upstream ap- 
propriative rights granted by the State 
often exceed the yield of the river 
system, and direct diversion rights a- 
based on diversion amounts ra ther than 

p- - on consumptive use. Appropriators, 
therefore, keep inaeasing their con- 
sumptive use of water they divert, 

I with a consequent reduction in re- 
I turn flows. Exports from the Tuolumne 

River to the Bay Area bypass the 
stream system and have increased 
about fivefold over the last 40 years. 
Appropriators on the tributaries with 

inferior water rights have not been 
required to bypass sufficier~t unim- 
paired flows to protect superior main- 
stem and South Delta water rights and 
natural channel depletions. And the 
net effect of CVP operations is to re- 
duce river flow upstream of Vernalis 
by about 110,000 acre-feet in dry years 
and 500poO acre-feet in below-normal 
years, according to the June 1980 joint 
report by USBR and SDWA on 'The 
Effects of the CVP upon the Southern 
Delta Water Supply". 

The substantial increase in river salin- 
ity is caused primarily by CVP opera- 
tions. The June 1980 report indicated 
that the increase in salt load at Vemalis 
attributable to the CVP during the pe- 
riod examined in the report averaged 
102,000 tons in dry years and 129,OO 
tons in below-normal years. Later, up- 
dated studies indicate that a very large 
majority of the more recent level of salt 
load in spring and summer months is 
attributable to the CVP, and that the 
CVP service area introduces about 
30,000 tons of salt per month into the 
river in those months when flows are 
typically low. 

It is difficult to imagine that the SWP 
can have caused any of the degra- 
dation I have described. In fact, the 
project is probably harmed by this 
degradation of the river inflow. The 

CVP has contributed substa~itiall~ to 
flow rtxiuctiori in tlie Sat1 Joaquirl 
River, but it is clearly not the orlly 
cause of that reduction and is not an 
increasing cause. The CVP salt load 
has impacted agriculture along the 
mainstem and in the South Delta, but 
it is not clear what effect it has had on 
each of the various aspects of the ecol- 
ogy in and along the hver. We do not 
know whether the impact of reduced 
flows on resident fishery is as great as 
the impact of the .recent proliferation 
of non-native aquatic plants. Higher 
flows would help somewhat to control 
these plants, but not in oxbows and 
other backwater. Massive hyacinth 
growths have impeded migration to 
and from salmon spawning beds. 

How, then, will we restore this de- 
graded waterway? There are no ow 
vious quick fixes. A comprehensive 
strategy will be required. We don't yet 
know how much and what mix of 
fixes is needed or how much this up- 
stream degradation is contributing to 
degradation in the delta. Let us not fail 
to address this complex problem, but 
let us also not seeksimplistic solutions, 
and let us not look only at salmon and 
striped bass. They don't provide us 
with a chorus at night, and whatever 
has killed the frogs appears to have 
been hard on numerous other water- 
dependent creatures as well. 

Central Valley Project Improvement Act 
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One provision of the CVPIA is to d e  
velop and implement a plan to double 
the populations of several anadre 
mous fish by 2005. The "doubling 
plan" is to be available for implemen- 
tation by the end of 1995. Interagency 
staff will play a key role in developing 
the plan and monitoring its success. 
Marty Kjelson (USFWS) chairs the In- 
teragency Core Team, which also in- 
cludes Ken Lentz (USBR) and Randy 
Brown (DWR). 

The actual work of drafting plans to 
double fish populations is falling on 
several technical teams, including 

delta t ams  for striped bass, sturgeon, 
and fish passage. Ups- teams in- 
clude Sacramento mainstream sal- 
rnonids, tributary salmonids, 
American shad, and the San Joaquh~ 
system. The Core Team may also es- 
tablish a group of mainly biometri- 
cians and population dynamics 
specialists to help determine how we 
determine if the goal of doubling these 
populatio~w has been achieved. 

Team members should be submitting 
draft plans by this fall. Updates will be 
provided in this Newsletter. 



Research Enhancement Program 

The following progress and final reports have been submitted by researchers who received REP pits - a program 
supported by Interagency members and the San Francisco Estuary Project. Call Lisa at 916/323-7203 if you would like 
a copy of any of these reports. 
TheW~ofStrlftrnBayRegionasEco~IndicatotsofSaltnitySaltnityHHistorimlCmrtextrmd~~Rat~ 

Regents of the University ofCalifornia 
Dr. TZheod0~C Fbm 

H @ o d ~ o f t h e ~ g e ~ S r m F ~ & l y n n d t h e C a a s t a l O c e a n  
University of Gdifomia, San Diego 
Dr. John L hgier, AssWnt R& Oceanographer, Saipps Institution of Oceanography 

Biomncentration rmd Metabolic Fate ofa Petroleum--&Esed H y d r m r h  in Striped Bas  
University of California,Sanla Guz 
Dr. Ronald S. Tjesma, Mtute of Marine Sciences 

l n t e r a c t i u e ~ o f S t m u a f i o n a n d r m d o n ~ o f W S t t r p e d B a s s  
university of California, Davis 
Dr. Peter B. Moyle, Dept of Wddlife and Fisheries Biology 

An In- Compmisan ofW Bbmihbility in hz Fmncisco Bay Co?rqmkm ofsoruteand Particulate Source Terms 
US. Geological survey 
Mr. Nicholas S. Fisher 
State University of New York 
Dr.SamLuoma 

H y d r a i ~ ~ o r i t h e S u r o k n l o f W e U a n d s i n i n F ~ B a y  
University of California, Eerkeley 
Dr. Rodney Sobey, Dept of Civil Engineering 

Eoolosy and Pofmtiallfbr Control ofthe theh Alien Saltmarsh Cordgmss, SpzLim Alhmi@a m Srm Francisco Bay 
university of California, Davis 
Dr. Donald R StroIlg, Bodega Marine Laboratmy 

ReprodudirteCyrlermd #Delta Smelf 
z t y  of California, Davis 

Dr. Serge Doroshov, Dept of Animal Sciences 

Pore Water Geocherrstry of Pace JYemzts m the South Bay 
university of califomia,Santa cruz 
Dr. A. RusseNHegalReseafih WmlnstituteofMarineScien~s -. ~ R e q t t i r e m e n t s m r d I b ~ o f t h e * S 4 a a m e n t n s f i W : '  
u&& 0 f ~ m i a I ~ V i s ,  
Dr. Jokp X If.'& ~i, 'bept of widlife gnd Fisheries Biology 

Stress Proteins m Amphipis as Biamarkers o f  Sedbnent Pollution in San1Franckm Bay 
San Francisco State University 
Dr. James T. Holliugtr, T d  Center for E n w t a l  Studies 

Aggregation of Petrolarm Hydrocmfnms with Pmticles m Urttrm Runofand Estuarine Waters 
University of Gdibmia, Berkeley 
Dr. James R Hunt, Dep t of Civil Engineehg 

Pre-Histwic Salhhj Rtwrd in ,%n Francisc0,Estuanj 
Stanfotd University 
Dr. James C. Ingle, Dept ofGeoIogical& Environrnenlal Sci~ciencg 

An Imtdtigatiotz ofthe of Elatatad Water T-on Some Aspects ofthe Physw@kdand Ecobgml Pe~jbrmai~ceofIuv& Chinook 
1mplicaticn1~fbrMamgement qfCali)innia's CenCenhnl Vnlley Salmon St& 

University of California, Davis 
Dr. Joseph J. Gxh Jr., Dept of Wildlife and Fshwies Biology 

Movements, dive behaviors, dmrdfbad habits @arbor seals (Em ri&lina Rkhrds) in Smr Frat- Bay, arfbn1ia (Final Report) 
Moss Landing Marine Laboratories 
James T. Harvey and Michael L Tomk 
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Marine laboratory, and the califor& 
Academy of Sciences Steinhart Aquar- 
ium. BML had the ability to rear 
salmon in both freshwater and seawa- 
ter environments and to provide the 
migratory transition when salmon 
"smolt", or change from a freshwater 
toseawater animal. Additionally, BML 
could provide the ~quis i te  genetic 
management under the leadership of 

, . v. 
J 

Winter Chinook Captive Broodstock Program 
Paul Slri 

Estimated 
Run 

Year Size 
1989 553 
1990 441 
1991 191 
1992 1,180 
1993 342 
1994' 200 

Assistant Director of Bodega Marirle Laboratory 

From 1969 to 1991, the estimated num- 
ber of adult winter Chinook salmon 
plummeted from about 120,000 to 191. 
Nat Bingham of the Pacific Coast Fed- 
eration of Fishermen's Associations, 
determined not to let this distinct sub- 
species of salmon slide into oblivion, 
brought together state and federal 
fisheries biologists and water agency 
managers and biologists to develop a 
captive breeding program to a d  as an 
insurance policy to back up the wild 
winter Chinook should it slip into fur- 
ther dedine. This group, which be- 
came known as the "Winter Run 
Chinook Captive Broodstock 
mittee1'8 a to 
a breeding pro- to the 

condor captive breeding 
program. Major support for the pro- 
gram comes from DWR. USBR- 
and 

The challenges were daunting. Keep- 
ing wild salmon in captivity is inher- 
ently much more difficult than 
managing birds in captivity. Salmon 
are strong, but frail to human touch 
Disease transmission in water is tough 
to control. Fish are difficult to tag 
for inventory purposes, and salmon 
demand extremely high water quality. 
Additionallfi genetic maMgwent of 
a species that has declined to near ex- 
tinction requires intensively planned 
mating and gene 
identificatimtoreverSeagdCbo(tle 
neck - the process of increasing the 
genetic diversity of a species that has 
little diversity to begin with 

The Captive Broodstock Committee 
solicited the help of the University 
of California at Davis, the Bodma 

Adults 

42 
25 
23 
69 
24 
3 

Juveniles 
Females Eggs Juveniles Transferred 

Collected Released to BML 
1 6,169 3,203 0 
2 501 2 1,286 0 
9 29,475 11,582 747 

13 59,445 28,099 950 
10 47,157 18,723 941 

and a participant in the Wltller Run Captive 

Dr. Dennis Hedgecock, a population 
geneticist who works with marine 
animals. Hedgecock's lab is equipped 
for genetic analysis at a molecular 
level. With limited numbers of wild 
fish to work with, it is critical to d e  
scribe the existing winter run genetic 
resources at a DNA leveL Together 
with USFWS personnel, Hedgecock 
has developed appropriate protocols 
for maling the broodstock fish with 
wild fish collected in the Sacramento 
River and retained at Coleman Na- 
tional Fish Hatchery, on Battle Creek 
near Redding. 

The project is now in its third year. It 
was pmeded by a great deal of experi- 
mentation by USFWS personnel at 
Coleman to develop techniques to 
keep the wild adult fish alive in cap- 
tivity until spawning. In 1992# the first 
full year of the expanded project, 747 
winter run juveniles were t r a n s f e d  
to BML, where participants dedi- 
cated a new facility built speafically 
to mu winter run for 3 to 4 years. The 
table below summarizes recent esti- 
mated run sizes, numbers of adults 
capbued for the Coleman Hatchery 
Wmter Qlinook Program, and num 
bers transferred to BML 

Every year until the run and the habitat 
improve, the pqoject expects to breed 
as many wild fish as possible at Cole- 
man. If sufficient wild fish are not col- 
lected, then captive broodstocks will 
be mated with wild Plsh. With good 
egg and fry survival, up to 20,000 or 
more winter Chinook can be wleased 

' Through April 1. 
-- 

Brecdrtzg Progratn 

at Coleman and 1,000 brought to BML 
for maturation and future mating. 
After the fish are smolted to seawater, 
up to 250 are transferred to Steinhart 
Aquarium for insurance UI the event 
of a catastrophe at BML. A few of the 
Steinhart winter Chinook are on dis- 
play for public education. 

What began as an insurance program 
is now paying off. Wild winter Chi- 
nook are now declining to numbers 
that all but ensw extinction without 
intervention In 1993, the run size was 

at 342; ~ year sire is 
estimated at 200. The Captive Breed- 
ing Program attempts to capture 
about 20 fish a year. As of April 1 this 
year, only three fishhad beencaptured 
in the upper Sacramento River, and 
only a single female is alive for mating. 
The run is c o n s i d d  complete in May . 
BML and USFWS personnel have 
developed a contingency mating p r e  
gram if no more wild winter run are 
collected so that the Captive Breeding 
Program will provide the necessary 
milt to fertilize the one wild female. 
Additionally, candidate spawners 
have been identified to provide more 
progeny if necessary. 

In early January, BML had about 340 
winter Chinook from the 1991 brood 
year and about 500 from the 1992 
brood year. Cumulative mortality for 
the 1991 brood year has beem about 
45%. In Ma& the 1991 brood year 
salmonaveragedabout870gramsand 
about 400 mm long. If these salmon 
had migrated to the ocean during their 
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first year of life, they would now be 
returning upriver to spawn during 
late spring and early summer, and 
they might average more than 3000 
grams and 500 mrn long. 

In spite of their small size, the 1991 
winter Chinook are becoming sexu- 
ally mature. By early this year, more 
than thnxquarters of the fish we- 
beginning to show secondary sexual 
characteristicsI and about 14% could 
be classified as "jacks". 

The 1991 broodstock were thought to 
be somewhat experimental. Being the 
first brood year of the project, they 
were smolted one year late. They also 
experienced a sigmficant outbreak of 
BKD. It was generally believed that 
these fish would have low survivor- 
ship and were not likely to provide 
gametes for future mating. The Wmter 
Run Committee assumed that 20% 
survivorship for any one brood year 
would be optimistic at the end of 3 
years. As mentioned, 1991 survivor- 
ship is currently about 45%. 

Gamete @ty is now a primary ob- 
jective. Disease treatment using anti- 
biotics xetards growth Smaller fish are 
likely to be less fecund, so there are 

risky tradeoffs in balancing fish 
health, survivorship, and total egg 
production. A major hurdle is to de- 
velop maturation synchrony so that 
eggs and sperm m available when 
needed. Synchronizing broodstock 
gametes with wild fish gametes at 
Coleman creates further logistical 
problems. BML and USFWS person- 
nel are assessing various techniques to 
synchronize maturation Part of the 
difficulty mts in needing to h t r o -  
duce candidate spawners into fresh 
water, which provides an environ- 
mental cue for production of various 
hormones that comprise part of a 
larger complex of maturation changes 
necessary for success'ful development 
of gametes. 

A volitional spawning tank is being 
designed that will allow fish to reenter 
fresh water at their own pace. If fish 
don't synchronize according to the 
mating calendar of the wild fish, then 
broodstockcan be implanted with one 
of several pmursor hormones that 
precede final ovulation The greatest 
challenge to winter run hers is 
assessing what stage of development 
the fishareinatany giventime Weare 
hoping to find a non-invasive assay 

for any ~~wnber of proteins that indi- 
cate maturation. Taking a surface 
mucus sample is greatly preferable to 
invasive measures such as sampling 
blood plasma. During the next year, 
we will focus intensively on develop- 
ing these techniques. 

The Winter Run Captive Breeding 
Program and a similar project in Idaho 
m establishing new technology for 
fu* hatchery practices, where wild 
fish can be retained and brought into 
hatchery production to preserve and 
reinforce valuable genetic resources. 
The AmericanTiisheries Society is re- 
viewing captive breeding practices to 
make national recommendations on 
how to go about prrsewing wild fish. 
Last September, DWR, working with 
the National Fish and Wildlife Fowl- 
dation, spoisored an imporlant meet- 
ing at BML during which many of 
these discussions were initiated. 

The future of Pacific salmon is uncer- . 
tain, but if the creative energy and 
motivation exemplified by the Winter 
ChinookCaptive B d i n g  Program is 
any indication of how agencies can 
work toge*, then there is some hope. 

Culture of Delta Smelt and Control of Associated Mycobacterial Disease 
Serge Doroshm and Ronald Hedrkk 
University of Californial Davis 

The Delta Smelt Project, funded by 
DWR and USBR, aims to establish 
laboratory culture and artificial repro- 
duction of delta smelt, a threatened 
species with an apparent infection of 
My~ohTad~um sp. The infection origin 
is not known, but wild stock may be 
carriers of this chronic *. In sal- 
monid culhm, similar disease prob- 
lems are successfully managed by 
rearing isolated fish colonies in an op- 
timal environment and monitoring 
health condition and infection in cul- 
tured populations. 

During late fall 1993, immature wild 
fish w m  seined at several delta loca- 
tions. DFG crews assisted in brood- 

stock pr&eni. Careful handling 
and transportation in the isotonic so- 
lution with MS222 d u c e d  stress and 
improved survival: 

Four groups (500 fish total) were 
raised on an artificial diet in isolated 
nxirculation systems with controlled 
temperature, photoperiod, biological 
filtration, and W steribtion Growth, 
gonadal development, and health 
were monitored by monthly sam- 
pling. 
By March 1994, broodstocks had gained 
150% in body weight and had reached 
70 mrn mean total length, similar to 
that of spawning population. Gonadal 
development was normal and was 

approaching final stages of maturity. 
In vifro bacterial culture and histology 
did not reveal the presence of myco- 
bacterial disease. 

Artificial breeding will be attempted 
in April and May, using natural 
spawning in tanks and in vitro insemi- 
nation Larvae will be raised to meta- 
morphosis in brackish-water tanks 
withanupwelling flow and will be fed 
cultured live food and artificial diets. 

If successful, this project will elucidate 
reproductive biology and health con- 
ditions of the delta smelt population. 
New culture and breeding techniques 
may be used for conservation and 
rehabilitation of this species. 
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San Francisco Bay: The Ecosystem - 
An Important Symposium at the Pacific Division AAAS 75th Annual Meeting 

San Francisco Bay: The Ecosystem 
Monday-Wednesday, June 20-22,8330-5:00 daily 

Sponso~d by: 
Rornberg Center for Environmental Studies 

San Francisco State University 
U.S. Geological Survey Water Resources Branch 

Pacific Division Sections on Environmental, Earth, and Biological Sciences 

0rga.Ilkr: 
James T. Hollibaugh, Romberg Center for Environmental Studies 

San Francisco State University, Kbwon, CA. 

Plenary Session: What Role Do Estuaries Play in the Global ~iogeochemical Qcling of &on, Nitrogen, and 
Phosphorus? 
S.V. Smith (&parbent of OQanography University of Hawaii, Honolulu) 

-P 
Session I: Water Properties and Quality 

Comparison of biopchemistries o cadmium and cooper in Sun Francisco Bay. L A. Van Green, C Brown, M. omberger, S. Luolm ( U S ,  Menlo Park, CA) 
implications of dissolved sulvides and organic substances on t l ~  chemical speciation oflrace inorganic contaminants 
in the oxide water column of Sun Francisco Bay. 

JS. Kuwabara, C Y C  Chang, YR Hunter (USGS, Water Resouras Division, MenlQ Park, CA) 
Factors controllin nickel and copper speciation in south Sun Frandsco Bay. 

J. Donat f K. Bruland (University of California, Santa Guz) 

Biopchemical cles ofinorganic contaminants in the San Francisco Bay Eshrary. 
A. Flegal % . Smith, G. SQlfo, J. Gick, S. Andudo-Whilhelmy P. Ritson, I. Rivera-Duar&, K. Abu-saba (Institute of 
Marine Sciences, University of California, Santa Guz) 

Molecular marker compounds as indicators ofanthropo ic contamination in Sun Francisco Bay Eshuny. 
W.E Pmira, ED. Hostettler, J.R. Cashman, RS. Ni 'oka ( U S ,  Menlo Park, CA; IGFN Research Institute,Seattle, 
WA; and University of California, Berkeley) 

1 
rb 

TIE supply of suspended sediment to Salt Framkco Bayfrom the Sacramento River. I. Factors a@cfing suspended 
particle t r a g  

... . , .LE 1, S.W. Hager, D. ChiIders (US, Menlo Park, CA) 

The supply suspended sediment to Sun Francisco Bayfiom the Sacramento River. 11. Carbon and nitrogen content 
olsusPemdzrt~es. 

S.W. ger and LE Scheme1 (USGS, Medo Park, CA) 

Factors afectingthe distribution of plant nutrients in southern San Framsco Bay: investigations usinga mass balance 
apprmch. 

S.W. Hager and J.M. Caffrry (USGS, MenIo Park, CA) 

Session 11: Physical Processes 

Sun Francisco Bay salinity: Observations, numerical simulation, statistical models, and atmospheric-delta jbw 
mrelatiors. 

D. Peterson, D. Cayan, M. Noble, R. Smith, L Memel, R. Uncles, R. Waters (USGS, Water Resources Division, 
Menlo Park, CA) 

Hydrod narnic transport and mixingprocesses in Suisun Bay. !& Monismith, J. Bmu, M !Xxey (En- Fluid Mechanics Labomtory ~gnlad university, Stahrd, CA) 

The Late Holocenesedimentary record of Sun Francisco Bay studied using isotopegeochemistry, high resolution seismic 
propes, and faunal distribution. 

L Insam, JS. Engle, G. Mann, M. Marlow, R Anirna (USGS, Water Resources Division, M d o  Park, CA) 
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Session 111. The Ecosystem 

lnterannunl variability in estuarine phot lankton communities: San Francisco BayDelta Galifbrnia. 
vnivasityof-I Xvis) 

Sources and radivi ar nic matter in San Fr& Bay. 
EA. Canuel $Al Eter Resoums Division, h4e!nlo Park, CA) 

Benthic ocesses in San Framkco Bay: Role ofor ts  and W r b a t i u n .  
j.K: -, Hammrrl js. Ku*fEicE, R T* WSGS ~ e n b  park, CAI 

Distribution and activity of bad the relationship between sources of organic 

F r a n h  State University, San Francism, CA) 
Water column respiratiun in San Francisco Bay dwinga "wet"yem: The injluence ofphyssical, biological, and seasonal 

m&bil% J. udek and J.E Cloem ( U S I  Marlo Park, CA) 

Summa y of federal and state water ojed environmental i ads  in the San Francisco Bay-Delta, Calz@rnkr. 
J. Arthw, M.D. Bat, and S h q  I" Bau* (USBR, Mid- 7 acific Region, SaammtoI CA) 

8,oOa-Yem sedimnta y recard ofenvironmental and climatic chan in San Francisco B S? 

EL Ingram ( L a m r e  Livemae Labomtory University of &mia, Berkelq 3 J.C. Ingle (Department of 
En-011 and Geological StudiesI Stanford University, Sbnbrd1 CA), and G. MannI M. Marlow, R R y m D  R 
Anima (EXXI Pa10 AltoD CA) 

Session I '  Fisheries Resources 

An eaaluation of the ejkfiveness jish salvage eratians at the intake to the California aqueductI 1969-1 993. 
R ~mwn, S. G m e  PWR, L t o I d a n d  P. G ~ S .  -w PFC, S- CA) 

Where have all them r ' RR Mayle and W. Bennett (Department of W1& and Fishers, University o f  California, Davis) 

m ' m l  of delta smelt in the Yolo Bypass. 
of Wild& and FGheiesI University of CalhnhI Davis) 

Fadors controllin the habitat in San Francisco Bay. 
J.ORi(D&StocktunI d 1 

Fish populations ofSan Frmtcisco Bay: Relatiomhip tofreshwaterjbw. 
CAmuxandK.Hieb@FG,Stockton,CA)), , 

E w s  of agnadtural runof on the sumTUIval ofstriped bass larvae in the Sacramento River and Suisun Bay. 
B. Bennett (University o f  California, Davis) and C Foe (Regional Water Quality Control Board, Saaammto, CA) 

Session V: Epilog .,. 

Update o "San Francisco Bay: The Unsuspected Estumy". I; J. ed-(-ta -1 CAI 
The United States Geolo ' 1 Suruey and San Francisco Bay: 25 Y a r s  of involvement. 

T.J. Con- ( u 8 M e n l o  Park, a )  

Page 7 



Estimating Winter Run Survival with Late-Fall Run Fish 
john Wullschleger, USFWS 

Knowledge of Chinook salmon molt 
sunrival in the Sacramento River and 
the delta is primarily based on studies 
using fall run fish. Factors found to 
affect survival include temperature, 
export rate, size of fish, pexent diver- 
sion, and the path taken to the ocean. 
In general, smolts diverted into the 
central delta exhibit lower survival 
than those that remain in the main 
river channel. Recently, attention has 
become focused 0nSacxunentowinte.r 
run salmon, which has been listed fed- 
erally as an endangered species. The 
National Marine Fisheries Service B i e  
logical Opinion includes criteria for 
protection of winter run smolts, which 
are believed to be less vulnerable than 
fall run fish to predation and tempera- 
ture factors due to their p t e r  size 
and the ~latively cool water tempera- 
tures during their outmigration. An 
Interagency study in December 1993 
by the USFWS Stockton Office was 
designed to acquire information on 
mortality of winter run smolts in the 
delta by using late-fall run instead of 
fall run smolts. Late-fall run smolts m 
considered reasonable surrogates for 
winter run fish because of their similar 
size, and because overlap in their 
migration periods exposes them to 
similar, cool water temperatures. 

Late-fall run Chinook smolts (1993 
brood year) from Colanan National 
Hatchery werr deased in the Sacra- 
mento River at Ryde (N~=33,668) and 

in Georgians Slough (N~=34,929) on 
December 2 AU fish were fin clipped 
to facilitate recognition and implanted 
with coded wire tags indicating IT+ 
lease site and date. Tagged fish were 
recovdby midwater trawl at Chipps 
Island and by sampling at the SWP 
and CVP fish salvage facilities in the 
southern delta. Methods for estimat- 
ing survival w e  identical to those 
used for studies using fall run fish. 
Desw@ims of Wd and data analysis 
methods on be obtained from the 
USFWSStocktanOfficeand from Inter- 
agency P r q  annual xeports. 

Salmon smolts were recovered from 
December 6 through March 16 at 
Chipps Island, from December 8 
through March 16 at the SWP, and 
fromDecernber6throughMafih19at 
theCW. Peak recovery was December 
12 at Chipps Island and December 9- 
11 at the SWP. For the CVP, most 

I smolts w m  nxovered m k&, 
but no clear peak was obsenred. Sur- 
vival indices for both Ryde and Geor- 
giana Sough dease groups and the 

1 mvival index ratio ( R y d e ~ ~  
I 
1 Slough) w e  within ranges observed 
' during previous studies using fall run 
fish (Table 1). As documented for fall 
run fish, the survival index was lower 
for smolts released in Georgiana 
Slough than for those released at Ryde. 
Numbers of Georgians Slough srnolts 
=overed at SWP and CVP fish sal- 
vage facilities were among the highest 

r )  

recorded. Further, six smolts (expanded 
number = 9) released in the Sacra- 
mento River at Ryde were diverted to 
the southern delta and recoved at 
the SWP fish salvage facility. This 
occurred even though Qm was 
slightly positive, although exports 
were very high. 

As expected, water temperatures at 
time of release were lower than during 
studies with fall run fish Fable 2). 
Flow variables are qor ted  from the 
release date through peak recovery at 
Chipps Island. Although l a y  run- 
ning averages for Q m  flow 
(Qw~r14) were slightly less positive 
dative to those during fall run sur- 
vival studies, exports were an order & 
magnitude higher. Delta Cross Chan- 
nel gates were open during December 
and the beginning of January but were 
closed during the rest of the recovery 
period. 

Low survival of fall run Chinook 
salmon smolts in the central delta is 
well documented and has been attrib- 
uted in part to predation and the 
adverse effects of high water tempera- 
ture. Results of this study suggest that 
despite cooler water and the presumed 
reduced vulnerability to pdation, 
survival for winter run smolts diverted 
into the central delta is similarly low. 
Although the expanded recovery rate 
of late-fall run is considerably higher 
than for fall run, our ~ u l t s  suggest 

Release 
Date 

04/06/92 
0411 4/92 
04/27/92 
0411 4/93 
05/10/93 
12/02/93 

Table 1 
Release Data, Estimated Survival, Number Counted at SWP and CVP Facilities, and Survival Ratio for 

Experiments with Tagged FaU Run and Late-Fall Run Chinook Salmon Smolts, 
April 6,1992, through December 2,1993 

Sacramento River at Ryde Releases Georgians Slough Releases 
Mean Expanded Mean Expanded 

Water Fork Number Water Fork Number 
Temp. Length Estimated Counted Temp. Length Estimated Counted 

Race (' F) (mm) Survival CVPISWP ('F) (mm) SuNival CVPISWP 

Fall 64 n 1.36 0134 64 74 0.13 1014 
Fall 63 82 2.15 01 0 64 81 0.29 1218 
Fall 67 81 1.67 01 0 67 83 0.41 1 1 4  
Fall 58 61 0.41 01 0 58 63 0.71 0124 
Fall 59 75 0.86 01 0 65 75 0.20 15/36 
Late-Fall 57 129 1.19 01 9 57 119 0.31 92 I1 35 

R yde: 
Georgiana 
Sunrival 
Ratio 

3.30 
3.00 
8.30 
3.1 5 
2.96 
3.80 
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Table 2 
Water Temperature at Time of Release, Mean Export Rate, and QWEST Rate from 

Release to Peak Recovery at Chipps Island for 
Experiments with Coded Wire Tagged Fall and Late-Fall Chinook Salmon Smolts, 

April 6,1992, through December 19,1993 

Sacmmento River at Ryde Georgians Slough 
Date of: Date of: 
Releasel Temp. Exports QWEST Releasel Temp. Exports QWEST 
Recovery ( O F )  (cfs) (cfs) Recovery ('F) (cfs) (cfs) 

04/06/92 64 3073 53 04/06/92 64 2425 499 
04A 5/92 W2CV92 

04/14/92 63 1097 1410 04/14/92 64 1093 1449 
04/21/92 W2W92 

04/27/92 67 1 578 729 04/27/92 67 1 883 749 
05/02/92 05/04/92 

04/14/93 58 3696 3214 04/14/93 58 3246 3493 
05/06/93 05/12/93 

OY10193 59 1497 4161 05/10/93 65 1 883 749 
05/14/93 OYW93 

12/02/93 57 031 6 72 12102193 57 0646 509 
12/12/93 12/19/93 

that khan td  mortality in the centd/ 
southern delta continues to account 
for the low survival of fish diverted off 
the Sacramento River. This indunnel 
mortality does not appear tobe related 
to temperature but, rather, caused 
by some unknown factor. This may 
be due to the complex central delta 
hydrology to which the smolts are 
exposed, which alters their migratory 
behavior. 

The Delta Cross Channel was not a 
direct hctor during this study because 
dease sites w e  downstram of it. 
Together, however, the Cross Channel 
and Georgiana Slough have the capac- 
ity to divert about 70% of the flow of 
the mainstem Sacramento River. 

Based on expected mortality rates of 
diverted smolts, closure of the Cross 
Channel gates and meas- to p e  
vent smolts from entering Gee* 
Sough must be considered important 
components of the effort to pwent 
further decline of winter run Chinook 

salmon stocks. It should be noted that 
closing the Delta Cross Channel can 
result in haeased negative (upstneam) 
flow in the cenh-al and westem: delta, 
particularly when export rates are 
high 
Our dtsshowed that smolkdead 
into the Sacramento River downstmm 
of both the Delta Cross Channel and 
Georgiana Slough can be entrained 
even when the Cross Channel gates 
arr open angl QWESr is positive This 
indicates that our understanding of 
how migrating smolts mpond to delta 
flow patterns is not complete and/or 
QWEsT is not a satisfactory measure of 
western San Joaquin River floiv. 

Studies planned by the USFWS Stock- 
ton Office as part of the Interagency 
Chinook salmon monitoring program 
for 1994 will provide additional infor- 
mation on factors affecting salmon 
smolt survival in the Sacramento 
River and the delta. 

Annual Interagency 
Directors Meeting 

The D i t o r s  met on March 16 to re- 
view the proposed program changes 
and budgets for this year and the next 
two years. Decisions were: 

The name of the Interagency Pro- 
gram will be changed to eliminate 
the word "studies". A new name 
has not been selected. 

The Directors approved concep- 
tual program revisions to include 
the management team, technical 
and management advisory teams, 
and project work teams. The Man- 
agement Committee will bring 
detailed plans to the Coordinators 
for approval. 

The proposed budgets were con- 
ditionally approved, with actual 
budgets to be based on final de- 
tails of recommended changes in 
monitoring and special studies 
and on availability of funding in 
each agency in future budget years. 

The Coordinators will meet on April 
15 to discuss results of the Directors 
Meeting and subsequent meetings of 
the Management Committee. 

Winter Chinook Take in 
the Delta 

The NMFS winter run biological opin- 
ion allows a calculated take of 905 for 
outmigrants from the 1993 brood year. 
As of April 11, the calculated take had 
rrached 828. During the past several 
days, the CVP pumps were pumping 
both state and federal water. The SWP 
pumps are essentially shut down dur- 
ing this period. (Because of QWEsT cri- 
teria and low streamflows, combined 
pumping has been generally restric3ec-I 
to less than 3,000 cfs.) SWP and CVP 
project operators will consult with fish 
agencies on April 15 to determine if the 
CVP should continue to pump SWP 
water. Indications are that we have 
passed the peak period of winter run 
outmigration. 
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East Coast Striped Bass 

For several years, striped bass popula- 
tions on the East Coast, especially 
in Chesapeake Bay, showed trends 
similar to that observed in the San 
Francisco estuary. A general decline 
appeared to start in the early 1970s, 
and levels were low in the 1980s. (The 
Hudson River population was a nota- 
ble exception) Although there were 
several possible explanations for the 
decline, over-fishing seemed to be a 
major factor. Through a combination 
of state, federal, and congressional 
actions, reat~tional and c o r n m d  
striped bass catches were reduced 
along the eastern seaboard for several 
years. The agencies took other actions 
to reduce the d t d x q e  of toxins and 
nutrients to the Chesapeake system. 

Drastic actions may be leading to 
recovery of striped bass in the Chesa- 
peake system. h shown m the figure 
(top right), since 1989 juvenile indices 
for Maryland have improved consider- 
ably although 1990 was low. The 1993 
index was the highest on record. Since 
several other bay species also had high 
indices in 1993, improved striped bass 
stmival last year may be indicative of 
near optimum habitat conditions, as 
well as the result of past management 
actions. In 1993, spawning and early 
p w t h  occurred during a period when 
flows to the estuary were high and 
temperatures relatively stable. (Dur- 
ing some springs, warming can be 
followed by a cold front, which R- 
duces survival of the early spawn.) 

Harvest is being allowed to increase as 
the striped bass population recovers. 
In Maryland, for example, annual 
catch quotas for the past 4 years have 
been: 

1990 750,000 pounds 
1991 1,071,700 pounds 
1992 1,865,442 pounds 
1993 2300,000 pounds 

The allowable harvest is based on the 
juvenile index, male and female 
growth rates, length distribution at 
age, and maturity schedules. 

Maryland's Annual Striped Bass 
Juvenlle Index, 1954-1993 

8 4 W b Q 6 8 4 6 6 9 7 2 7 6 7 8  8 1 8 4 8 7 9 0 9 5  
Year 

I I 
&byland's Annual Striped Bass Juvenile Index, 1954-1993 

The Georgians Slough Acoustical Bar- 
rier project is being sponsored by the 
San Luis and Delta Water Authority, 
DWR, and USBR All permits have 
been obtained, and the study began 
on April 5. This study is an expanded 
version of last year's program, which 
showed promising but statistically 
questionable results. Information 
from the earlier study was used to 
design the speakq array in a manner 
that appears qos~li$ely to divert 
downstream migrating Chinook 
salmon from entering Georgiana 
Slough. 

The first couple dkys ofsampling pro- 
duced somewhat unexpected results. 
On April 5 and 6, four winter-m-size 
Chinook salmon and nine delta smelt 
were captuFed during Kodiak trawl- 
ing in Geoxgiana Slough and the Sacra- 
mento River. (The Kodiak trawl is a 
large net, about 30 feet wide by 6 feet 
deep, towed at the surface between 
two skiffs.) Since incidental take pro- 
visions limit the winter Chinook catch 
to ten for the entire sampling period 
and the delta smelt collection to ten in 
any consecutive 7 days, trawling was 
suspended at noon on April 6 and re- 
sumed April 11 at a duced schedule. 

Georgians Slough 
Acoustical Banier 

The BDOC recently appointed two 
biological technical advisory commit- 
tees - one for aquatic resources and 
the other for plants and wildlife. The 
first meeting of these groups will be a 
joint meeting on April 13. They will 
likely meet separately in the future. 

Bay-Delta Oversight 
Council 

The aquatic rrsources TAC-is chaired 
by Perry H e r r g d  and also includes 
Tim Hollibaugh, Randy Brown, 
Frances Chung, Chuck Hamon, Wim 
Kimmem, Randy Bailey Dave Vogel, 
Bill Kier, and Irwin Haydock BDOC 
has asked this TAC to scientifically 
evaluate the technical adequacy of 
possible action alternatives to im- 
prove conditions in the estuary for 
biological resources. The committee 
will also propose indicators that will 
help managers determine if the action 
alternatives are achieving the goals. 
The TAC will draw much of its infor- 
mation for the analyses from Inter- 
agency Program staff and data bases. 
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Delta Flows 
Sheila Greene 
DWR 

The figures below illustrate delta inflows and outflows and project pumping 
so far during water year 1994. Combined export pumping was reduced during 
January to avoid "taking" winter Chinook and because San Luis Fbervoir was 
full. Pumping was variable in February and March to comply with the Qwm 
requirements. Pumping at the SWP was suspended on March 30 to avoid 
exceeding the take limit of winter Chinook 

-- 
DISPATCHER REPORT 
CVP PUMPING 

Recent Additions to 
USFWS Staff 

me uSFWS Jmvin 
Fishery Resome in Stockton 
added hYo senior fishev biologists to 

sMf in February. These biolets 
will help us meet responsibilities re- 
sulting from the revised Jnteragency 
Program endan@ species petitions, 
USEPA and SWRCB water quality 
standards, the Central Valley Projed 
Improvement Act, and our revised 
estuarine monitoring activities. 

John Wullschleger comes to us from 
the Utah Division of W~ldlife Resources 
(where we also recruited Spencer 
Hovekamp, Assistant Project Leader). 
John was a regional fisheries biologist 
for the northern +on of Utah, based 
in Ogden John got his MS from CO~& 
rado State University and worked 
4 years as a fishery biologist for the 
State of Florida. 

Dan Castleberry came from the USFWS 
(now NBS) research station in Dixon 
Dan already has extensive experience 
in California fisheries biology, with 
emphasis on a physiological approach 
to fishery problems. Dan has an MS 
and is near to completing his Ph.D. 
dissertation at UC-Davis under Dr. Joe 
Cech 

We are still defining John's and Dan's 
roles on our team. We anticipate John 
working on San Joaquin Basin issues 
and Dan dealing with the delta and 
mid-valley tributaries (Feather to Cala- 
veras Rivers). Both will be named to 
Interagency Program work teams and 
will help on the CVPIA anadromous 
fish restoration program (doubling 
plan), for which our office has the 
USFWS leadership role. 
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