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Interagency Program Highlights

In the past, routine informal reporting of significant activities.Special Studies
and results of Interagency Program elements has been accom-
plished through stand-alone quarterly reports. Beginning with

Following are some of the special studies planned for the next
12 months.

this issue, program highlights will be a regular part of the
Newsletter to call attention to significant findings and activities* An expanded version of the real-time monitoring. In May and
of the monitoring and special study elements. This will sup-June 1995 we showed it can be done; now we have to
plement more formal reporting provided by the annual reports,determine if the data can be used in a more typical water year
technical reports, and publications by individual agencies, to operate the projects to protect fish and provide for water

supply reliability.
Program Revisions ¯A study at Knights Landing to determine if we can obtain

Randy Brown reliable estimates of the numbers of chinook salmon entering
On October 17, the Directors approved a significant programthe delta.
revision. Pat Coulston, Program Manager, is preparing a¯ Marking about 1 million fall-run salmon from Coleman
report describing the revision in detail. The following are someHatchery and releasing three groups of them upriver to
of the highlights. One of the guidelines going into the revisiondetermine if these fish can be used to obtain better estimates
process was that we would recommend a program that main-ofthrough-deka salmon survival. The idea is that these salmon
rained a level budget. We also listed some studies or elementswill have had a chance to become more like wild fish than
thatshouldbefundedifaddkionalmoneyweremadeavaiiable,salmon released directly into the delta from the hatchery
The Directors stayed with the level budget, and Interagencytrucks.
Program staff and the water contractors wi]l be working to
bring in additional funds to cover some of the unfunded, but¯ A 20-millimeter fish survey to determine if a new gear type is

better able to capture delta smelt and other fish in the rangeimportant, elements, of 15-50 millimeters.
Before going into the program itself, it may be helpful to¯ A program to evaluate the benefits of including a more
provide an idea of the origin of this year’s funding and the totalstructured community monitoring program as part of the
amount available. It is always difficult to lay out the actualbaseline monitoring program.
program budget for the upcoming year, mainly because two
fiscal years (federal and state) are involved. Federal budgets for What is Not Included in the Revised Program
FY 96 have not been established yet, so the following valuesFollowing are some elements that are not part of the approved
for federal contributions are estimates. program.

Department of Water Resources $ 6,000,000
U.S. Bureau of Reclamation 3,375,000 ¯ An evaluation of fish screen approach velocity criteria using
U.S. Geological Survey 966,000 a fish treadmill.
U.S. Fish and Wildlife Service 220,500 ¯ Predator rea~ov",d from Cliff:on Court Forebay. Indications
Department of Fish and Game 1,345,000 are that striped bass freely exchange betwceen the forebay and
CVPIA (U.S. Department of Interior) 100,000 the delta, and removal would not be effective.Contra Costa Water District 35,000
Total $12,041,500 ¯ The agricultural diversion fish entrainment study. We will

analyze and publish results of the Krst 3 years of study before
Base Monitoring Program deciding where to go next.
¯ Midwater trawl survey. ¯ Almost all sampling of eggs and larvae. Again, we will analyze
¯ Chinook salmon monitoring from near Hamilton Citythe data before doing any more of this work. (Exceptions will
through the delta and to include funding a portion of thebe small studies required in biological opinions, such as the
ocean salmon tag recovery program, one for the North Bay Aqueduct.)

¯ The bay fish and invertebrate surveys. ¯ An evaluation of the fish barrier at the head of Old River. We
are waiting for an acceptable study plan before beginning this

¯ Water quality monitoring surveys as modified from important study. Much ofthe funding will come from DWR
Decision 1485. as part of its interim south delta program.

¯ Hydrodynamic monitoring.
¯ Resident fish monitoring. S@aificant Decisions About Program Structure

¯ Suisun Marsh fish monitoring. ¯ Retain the Management Advisory Group and improve the

¯ Numbers of fish salvaged at the SWP and CVP intakes, way it is used.
¯ Retain the Science Advisory Group and improve the way it

Page 2

C--098703
C-098703



¯ Work with staff to develop a more effective means of keepingtinue to be relatively abundant in the bay. !n contrast, the 1995
track of the interagency budget, year class of Dungeness crab, which responds positively to

~normal" ocean temperature, is poor. Frequent, intense storms
¯ Develop, publish, and use quality assurance/quallty control,in 1995 produced a strong northward flow, which is not

study design, and peer review processes to enhance the qualityfavorable for retention of Dungeness crab larvae and mega-
of our data and information, lopae in the Gulf of the Farallones. Abundance of megalopae

¯ Establish a data users’ project work team to help make datain the gulf has been positively correlated with subsequent
more readily available to program staff and others, abundance of 0+ crabs in the bay.

¯ Establish a contaminants project work team to help sort out
the role of toxic materials in controlling the abundance and Tracking Introduced Crabs
distribution of key populations and communities. Kathy Hieb

¯ Integrate representatives of the stakeholders into the projectAlthough we have yet to collect any Chinese mitten crabs, a
work teams, substantial number of juveniles have been collected this sum-

- Coordinate the Interagency Program with other monitoringmet in the freshwater reaches of Guadalupe River, Alviso
activities such as the San Francisco Estuary Institute, CategorySlough, and the Alameda Creek flood control channel (all in
l~I, and the Central Valley Project Improvement Act. ThisSouth Bay) by Kathleen Halat, a University of California,
should lead to better understanding of factors affecting fishBerkeley, graduate student. Her highest estimate of density
and wildlife in the estuary, was about 10 burrows/square meter, with more than one crab

possibly occupying a burrow. Last winter, shrimp fishermen
We have a lot of work to do to convert the recommendationscollected ovigerous mitten crabs in the channels of South andintO actual field and analytical work. One of the first challengesSan Pablo bays.
will be to design and implement the expanded real-time moni-
toring program. Thanks to the management team, programIn 1995, we plarmedto determine the depth distribution of the
staff, coordinators, and stakeholder representatives, we havegreen crab by season, sex, and size, with the goal of designing
made major strides in changing and improving the programa survey to monitor their relative abundance and distribution.
over the past several months. We must continue to moveAs of September, we have designed, built, and field-testedcrab
forward, traps and determined that they collec~ significantly more green

crabs than do baited ring-nets. Green crabs are abtmdlmt in
Brackish Water Species Benefit from High 1995 FlowsSouth Bay, especially south of the San Mateo Bridge. In fall

Kathy Hieb 1994, they were abundant in San Pablo Bay, but their distri-
bution apparently shifted in response to the high outflows in

Preliminary catch data indicate that species that depend onearly 1995. We have not collected many juvenile crabs at any
brackish water (intermediate salinity) have benefited from theof the sam_piing locations except Redwood Shores Lagoon.
high winter/spring outflow. As of September 1995, yotmg-of-
the-year longfm smelt catches were the highest since 1982. In    Tidal Marsh pilot Fish S .tudies Capture Spli~ail
July, we also recorded the highest single-station catch of Kathy Hieb
young-of-the-year longfin smek since the study began: 3,593
at the Red Rock station, just downstream of the Richmond-Site selection and development of sampling methodology has
San Rafael Bridge. Young-of-the-yearlongfin smelt were con-been the focus of 1995 work. We have tested block-nets,
centrated in Central Bay and lower San Pablo Bay, with fishcast-nets, minnow traps, and beach seines. Sample sites are i~
collected upstream to Chipps Island. Pacific herring young-of-the lower Petaluma River, where mature, young, and restored
the-year catches were comparable to 1993 but remained belowmarshes are within a short distance of each other. This year
predrought levels. This year may be similar to 1983, whenthese marshes are brackish, with salinity at the Sonoma Land
Pacific herring larvae were carried outside the bay by outflow,Trust Marsh ranging from 7 parts per thousand in April to
and a large portion of the year class apparently reared in17 ppt in August.
the ocean. The May-September young-of-the-year starryCatches have been dominated by yellowfm goby, longjaw
flounder catch was the highest since 1983, when the long-termmudsueker, splittail, threespine stickleback, Tridentiger spp,
abundance decline started. Although the catch of 72 young-of-and striped bass. With the exception of the Rush Creek Unit,
the-year starry flounder is low relative to many other estuarinewhich is a managed marsh, young-of-the-year splittall have
species, it is well above the 1987-1994 mean of 13 for the samebeen collected at all of the sites. This includes the Green Point
months. Young-of-the-year starry flotmder were concentratedUnit, Rush Creek just downstream of the Rush Creek Unit,
in San Pablo and Suisun bays, with a few collec~edin the lowerthe Petaluma River Unit, and various sites along the lower
Sacramento River. Petaluma River. Splittail have been collected by all gear types
Although near-shore ocean temperatures returned to normalfrom a variety of habitats, ranging from small, first-order
in 1994 and 1995, species that respond positively to warmchannels to shallow water over mudflats.
water, including California halibut and Pacific sardine, con-
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No Striped Ba~ 38-ram Index for 1995 Acanthomysis appears to carry more young as equivalem sizes
Lee Miller than Neomysis does. Competition almost certainly occurs

between them, and Neomysis abundance will likely be affected
Every summer since 1959, juvenile fish surveys have providedas long as this is the case.
an index of young striped bass abundance. Beginning usually
in June, we sample the population every 2 weeks until theA paper describing Acanthomysis as a new species was in
mean size of the catch exceeds 38 millimeters. Then we inter-progress when the senior author died. Dr. Tom Bowman, of

polate between the last two surveys to estimate abundancethe Smithsonian Institution, possessed an unrivaled knowl-

when the mean size is 38 mm. This year’s high flows and cooledge of crustacea and will be difficult to replace.

weather prolonged striped bass spawning and resulted inPseudodiaptornus forbesi was the dominant copepod in the
recruitment over all five surveys. Hence, the mean size did notestuary in June, the last month for which data are available.
progress as expected. Mean size was 25.2 mm for the thirdSinocalanus abundance was low. Bosmina was displaced down-
survey, 32.6 mm for the fourth, and 33.4 mm for the fifth,stream from the eastern delta to the western end of Sherman
Since only 56 fish were caught on the fifth survey, perhapsIsland.
because of gear avoidance, we decided to quit sampling, even
though the index size had not been reached. Zooplankton abundance at Stockton was unusually low in

June, probably because of the high outflow in the San Joaquin
Usually, the 38-mm index is attained in three or four surveys,River.
although five have been required in some high-flow years.
Although no 38-mm index was obtained, abundance appearedNo new introduced species have been detected this year, but

to be low, considering the high flows. The third survey indexthe ballast water issue continues to attract interest. Three

was only 22.2, the fourth was 10.6, and the fifth was only !.8.requests for information have been received this year, two by

The 38-mm index has historically ranged from 4.6 to 117.3people writing reports or articles on the issue. The Newsletter
published our article on introduced species, which was distrib-

In 1966, we had no index because no boat was available foruted at a meeting of the San Francisco Estuary Project. InJnly,
sampling. In 1983, high flows moved fish downstream of ourthe Freshwater Foundation started a newsletter devoted to
sampling area, resulting in a severely biased, invalid index. Theaquatic nuisance species, and a report on the introduction to
September midwater trawl survey crew observed few stripedChesapeake Bay of nonindigenous species via ballast water
bass downstream of Carquinez Strait, suggesting that this biasappeared in January. Support is growing for national and
did not occur this year. international control of ballast water releases.

Juvenile St-ur~eon Set-Lining Low Dissolved Oxygen Conditions in the
Dave Kohlhorst Stockton Ship Channel

To develop an index of year-class strength for white sturgeon, Harlan Proctor
in late August, we attempted to fish baited set-lines for juvenilesDissolved oxygen levels in the eastern portion of the Stockton
at 20 sites from the western delta to San Pablo Bay. Because ofShip Channel historically drop to below 5.0 mg/L during late
a boat breakdown, only nine sites were sampled. A total of 67summer and early fall, mainly due to low flows (1,000 cfs at
white sturgeon were captured, which is similar to the numberVernalis is common) and high biochemical oxygen demand.
caught at the same sites in 1991, the last time enough bait wasIn August and September ofthLs year, however, Vernalis flows
available to sample with set-lines. A major difference betweenof 4,000-5,000 cfs have maintained positive net flows in the
1991 and 1995 is that almost no fish less than 85 centimetersship charmel. Despite improved flows, dissolved oxygen at the
were caught this year; in 1991, 58 percent of the catch was lessbottom was 4.0-5.0 mg/L from Turner Cut to Rough arid
than 85 cm. Apparently, white sturgeon production has beenReady Island. Surface dissolved oxygen remained above 5.0
poor for about 10 years, corresponding to the recent drought,mg/L except in the midreach of the bottom sag, where it
This is consistent with other evidence that white sturgeondroppedto4.8 and4.5 ontwooccasionsinAugust.Conditions
reproductive success is best in high-outflow years, improved in September, with dissolved oxygen of at least 5.0

mg/L at all sites. Due to the high sustained flows, no tempo-
Low Neomysis Abundance in Recent Years rary barrier will be installed at the mouth of Old River this

jim Orsi fall.

Abundance of Neomysis has been low since 1993, when an
exotic species of Acanthomysis became abundant in Suistm Bay.

Fall Sampling Planned for the Asian Clam,

Peak monthly abundance of Neomysis was 7 rff3 in Sudsun Potaraocorbula atnurensis

Slough in May, 6 m"3 in the entrapment zone in June, and 1-3 Harlan Proctor
m"3 in the entrapment zone in July. These values are 1-2 ordersIn the fall of 1990 and 1993, we sampled 214 sites to estimate
of magnitude lower than before the arrival of Acanthomysis.the spatial distribution of the accidentally introduced Asian
Acanthornysis was an order of magnitude more abundant thanclam, which was first discovered in 1986. The 1990 survey
Neornysis in these months and rose from May to July, insteaddemonstrated a nearly solid distribution west of the delt2a;
of declining. Peak abundance was 10 m-3 in the entrapmentsome Suistm Marsh sites had as high as 19,200 clams per m .
zone in May, 21 to 25 m"3 in June, and 33 m"3 in July.Following the first year of high flow since the dam was
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introduced, the 1993 survey showed a westward shift in abun- New Juvenile American Shad Indices and
dance and higher recruitment downstream relative to 1990. Winter-Run Salmon Monitoring
In May 1995, a survey of 43 skes showed distribution patterns Pa~ Brartdes
similar to those in 1993, with less dense populations (up toBetween July 1 and September 30, we have been midwater
3,700 dams per m2 in Suisun Slough and Montezuma Slough).trawling 3 days a week at Sacramento and Chipps Island to
High densities of juvenile clams were still found in San Pablodocument the movement of juvenile shad migrating into and
Bay shoal areas. This fall’s survey will document currentout of the delta for the Central Valley Project Improvement
density in response to the prolonged freshwater flows, as wellAct’s Anadromous Fish Restoration Program. The data will be
as any changes in their distfibudon and population structure,used to evaluate whether annual juvenile indices could be

rained using the midwater trawls at Sacramento and Chipps
New Delta Channel Flow Measurement CapabilityIsland. Numbers of juvenile shad were substantial, especially at

Rick Ohraan Chipps Island. A report is scheduled for release by January 1996.
During August, we installed an ultrasonic velocity meterBeach seining continued every week or two in the lower river
(UVM) flow monitoring station on the San Joaquin River atand northern, central, and southern delta.
Stockton (0.5 mile north of Highway 4 crossing), with funding
provided by the City of Stockton. The site is operational butThe Central Valley Salmon Project work team has met several
has not yet been calibrated, times this summer to ~inalize plans for the 1995-96 monitoring

work, use of the 130,000 marked late-fall-run post-smolts, and
A UVM flow monitoring site is being installed on Dutchidentifying and integrating other valleywide salmon monitor-
Slough, with funding provided by USGS. The instrumenting plans into deka efforts for next year. Next month will be
shelter and transducer piles were installed in September, anddedicated to determining the use of 800,000 marked fall-run
data collection should begin in October. smolts for experiments in spring 1996.
During the high flows of January and March, transducerAlthough the core monitoring program in the delta has been
mounting piles were destroyed at several UVM sites. Duringidenti~ed, two special studies have been proposed, pending
August, steel replacement piles were driven at three sites: Sanfunding:
Joaquin River at Jersey Point, Sacramento River upstream of
the Delta Cross Channel, and Sacramento River at Rio Vista.¯ A pilot effort at Knights Landing using two rotary screw
The Rio Vista site is new and consists of two UVMs, one ontraps, fyke nets and kodiak trawl to estimate absolute abun-
each bank of the ship channel. The fight bank UVM has beendance of juvenile winter nan (as well as other races) entering
operational since late April; the left bank UVM had a pilethe delta.
desk. oyed in March. Once the sites have been repaired and are° Tagging 1 million Coleman fall run and recovering them at
again operational, the UVM flow monitoring network willSacramento, Chipps Island, and other monitoring sites asso-
consist of nine sites, four o f which will monitor delta outflow,dated with the real-time monitoring effort. Smolts of known

origin and at large enough numbers will be helpful in deter-
Hydrodynamic Model Development mining distribution of juvenile salmon throughout the delta.

Francis Cbung
Other special studies may be fu_r~er developed for project

DWR continued development of a one-dimensional computerwork team, management team, and coordinator approval
simulation model of the delta. The new model is composed ofthroughout the year.
three major components: a hydrodynamics module 0DSM2-
HYDRO), a water quality module 0DSM2-QUAL), and a Evaluation of Splittail Investit~ation Techniques
particle-tracking module (DSM2-PTM). The DSM2 model Randy Baxter
will ¢dso include several pre- and post-processors, including a
graphical user interface, a boundary tide and salinity predictor,Splittail investigation this spring and summer focused on two
a land use module for generating agricultural diversion andgeneral objectives:
return volume estimates, and a trihalomethane formation* Determining effectiveness of various types of gear in captur-
potential module. The hydrodynamics and water quality rood-ing juvenile spiittail in different freshwater habitats.
ules are derived from the USGS FourPt and BLTM models,
respectively. Through license agreements, it is DWR’s goal to° Collecting and rearing juvenile splittail to evaluate spray
eventually make DSM2 available free to the public. DWR isdying as a marking technique.
working closely with the Interagency Program hydrodynamicsGear evaluation in the Sacramento and San Joaquin rivers
project work team and will provide uncalibrated prereleasebegan in June and will continue through early October. Gear
versions for testing and peer review. A prerelease version ofbeing evaluated includes boat and backpack electroshockers,
DSM_2-HYDRO will be released to the work team pending30-, 50-, and i00-foot beach seines, minnow traps, cast-nets,
resolution of legal issues. Prerelease versions of DSM2-QUALand hook-and-line. Most sampling was during the day, but
and DSM2-PTM are expected to be released before the end ofnight sampling was also included. Beach seining still appears
the year. to be the most effective gear for young-of-the-year splittail, but

its effectiveness diminishes as the fish grow.
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In lateJuly, about 200 fish were transferred from Clifton CourtNorth Bay Aqueduct Entrainment Monitoring
Forebay to large grow-out tanks at Skinner Fish Facility. JenniLott
Temperature was 22-24°C for most of the holding period but
spiked at 31°C on July 28. Even with moderate salting of theLarval sampling at four sites in the North Bay Aqueduct region
tanks, all fish died of columnaris disease within 4 days ofwas completed July 15. In the 264 samples, only two delta
introduction. This experiment will be repeated next spring. Insmelt were collected, the first on April 18 and the second on
the interim, personnel will help spray-dye juvenile striped bassJuly 7. Apparently due to the high outflows and reduced
to familiarize themselves with the equipment and technique,exports, density of larval delta smelt was low in Lindsey and

Barker sloughs, and pumping restrictions were not imposed.
Plans are being developed for a study during winter and spring
of 1996 to track splittail and identify their spawning habitatsContra Costa Canal Intake Entrainment Study
through the use of radio tags and telemetry. Jerry Morirudea

Ddta Smelt InvestiFations We used a sieve-net to sample fish entrainment every fourth
Dale Sweetnam day at the Contra Costa Canal (on the discharge side of

Pumping Plant 1) during July and once a week during August
Partly due to the wet year and subsequent low tow-net index,and September. The predominant fish species captured in july
we decided not to do any special field studies. However, wewas striped bass 00 mm mean fork length) and in August was
did the 20-mm survey and tow-net survey and are doing thewhite catfish (48 mm mean fork length). Considerably fewer
midwater trawl. A subsample of fish collected in the Novem-juvenile split, all were capturedinJuly andAugust than in June.
ber kodiak trawl survey will be subjected to electrophoneticNo chinook salmon, delta smelt, or longfin smelt were cap-
work to distinguish delta smelt from wakasagi, tured during any of the sampling.
DFG-Stockton is analyzing factors that may be responsible for
size and weight differences in fish caught in summer 1994 by Mallard SlouFh MonitorinF Program
kodiak trawl upstream and downstream of Chipps Island. We Jerry Morinaka
will examine otoliths and stomach contents and will examineOnce in July and once in August, we monitored for larval fish
gonads. Preliminary results should be available in December.at the intake channd of the Mallard Slough pumping plant and
The project work team will also be reviewing studies andoutside the channel in the Sacramento River. No larval delta
research initiated in response to the listing of &lta smelt. Thesmelt were captured in the intake channd during either effort.
review should be completed by March 1996. In August, Contra Costa Water District discontinued use of

Mallard Slough pumping plant, so there will be no monitoring
Real-Time Monitoring there until the facility is back in operation.

Leo Winternitz
Fish/X2 Relationships

A draft report describing results of the 1995 Real-Time Moni- Wirn Kimmerer
toring Program should be available by the end of October.

During the last quarter, the esmarine ecology team examined
We have started planning for the 1996 program. The goal hasprobable mechanisms underlying the "fish/X2" relationships,
been to develop a "straw" proposal, which the newly formedwhich form the basis of salinity standards for the bay and delta.
project work team will use to develop the flail program. TheThese relationships probably occur through several mecha-
straw proposal embodies several flexible strategies to minimizenisms leading to the same result for most estuarine<tependent
sampling expense, including wet year/dry year samplingspedes: more flow means more fish. Given the wide variety
schemes and sampling triggered by the occurrence of targetoftrophic levels and life histories of the species having positive
organisms at other stations or in other surveys. As with therelationships to flow, the mechanisms likely operate at differ-
1995 program, the 1996 proposal will coordinate as much asent times and places, and on different life stages, for each
possible with other programs and surveys, species. The estuarine ecology team determined which mecha-

Delta AFricultural Diversion Evaluation nisms were most likely to operate for which spedes, based on
experience of team members and knowledge of life histories,

Katie Wadsworth habitats, and details of the relationships. A summary report
The 1995 agricultural diversion study began May 30 and endedwill describe the most probable mechanisms behind these
August 31. We sampled at three sites during dawn periods,relationships and the studies required to determine which
One fall-run chinook salmon (97 mm TL) was collected offmechanisms are actually operardng.
Twitchell Island on June 19. No delta smelt were collected
during the 1995 sampling.

A draft summary report of the 1993 and 1994 Lakos-Plum
Creek self-cleaning fish screen evaluation is available.
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San Luis Reservoir Survey Clifton Court Forebay
Lloyd Hess and Scott Sieu%’ed Striped Bass Sonic Tra. cking Program

O’Neill Forebay and San Luis Reservoir were surveyed during Kevan Urquhart

August. The goals for the 1995 survey were to: Efforts to document the movement of adult striped bass into
and out of Clifton Court Forebay using sonic tags, fixed

¯ Document survival of juvenile splittail in O’Neill Forebay.tag-monitoring stations, and mobile tracking have been effec-
¯ Document reproduction of wakasagi in San Luis Reservoir.tire. Preliminary data analysis shows that 31 of 48 sonic-tagged

Both goals were accomplished. Large numbers of young-of-striped bass originally taggedin the forebay were tracked across

the-year splittail were observed in the complex this year.the radial gates. Of these, 20 were subsequently tracked in the

During 1994, when there was minimal splittail reproductionforebay. Of interest, one fish was tracked inside Clifton Court

in the delta, splittail were not observed. Splittail reproductionForebay with a "coded" tag, presumably one of the sonic-

was very successful in the delta during 1995, and large numberstagged splittail from Tracy Fish Facility. Eight Fish tagged near

of young-of-the-year splittail were observed in O’Neill Fore-the radial gates were later monitored at the Skinner Fish

bay. The question remains whether these young-of-the-yearFacility trash racks. No fish have been located outside the

splircail will reside in the O’Neill Forebay/San Luis Reservoirforebay with mobile tracking.

complex or try to migrate from the system. The unattended monitoring site at the radial gates now consists
of three stations and four hydrophones and is operated aroundAn abundant population of 80- 90-rnm wakasagi was found in
the clock. Another station adjacent to the Skinner Fish FacilitySan Luis Reservoir. Scale analysis indicates these fish were
trash racks is also operated around the clock. Mobile trackingyoung-of-the-year. Delta smelt were not observeck has been facilitated through use of a series of prototype hydro-

Large numbers of both delta smelt and wakasagi young-of-the-phone fairings, which allow monitoring at speeds to about
year were observed at the SWP and CVP fish facilities in 199412 mph (a 1200% increase from an infrared hydrophone).
but they were not observed at the fish facilities in 1995. For
more information on the San Luis, see page 15 of this issue.Several tags have been recovered from dead fish, and anglers

have also returned tags. Early in the study, high water tern-
Handling and Trucking Study at peratures (>80°F at the surface) and subsequent stress from

Skinner .Fish Facility handling and tagging probably caused the known loss of
several tagged fish. After those mortalities, sampling was lira-Scott Barrow                        ited to late evening and early morning, with no known

The draft study plan is being reviewed. Preliminary experi-mortality due to handling. High water temperature and poor
ments with splittail were stopped due to personnel constraints,water quality at Skinner Fish Facility have precluded main-
Only one preliminary splittail experiment was completed, inraining a control group. Vigorous, untagged fish could not be
which we measured about a 25% mortality rate due to truck-maintained more than a few days.
ing. The fairly high water temperature (mid-70°F) during the
experiment could have caused the high mortality.

Clifton Court Forebay Plant Debris
Seo.B, rro o Status and Trends

Initial surveys of the area of Clifton Court Forebay treated
with herbicide in May showed rapid regrowth of aquaticThe win~r issue of the.ln~ragency New,~l~’t_~r will
plants. In August, the herbicide Komeen was reapplied tod~,or, ed to a review of the staVus, and trends of some
about 600 acres -- the original 300 acres in southern Cliftonimpor~a~ organisms living in. o~" moving ~hrough th~
Court Forebay plus an adjoining 300 acres. The herbicide wasa,ry and:some of the ~h~mica! and. phyaicat parameters
applied with a helicopter by licensed applicators, and watertha~iaffec~theirdl~tribution.and abundance. The i~suewil!:~
exports were curtailed during the application period. Prelirni-be!ong 0n graph!cal displays o~he~dd~a and:shor~
nary results indicate the treatment was successful. DV¢-R Dekathat:ag~empts to tetl. us Why.the trends have,:occurred.
Field Division is preparing a report. Lo0~ngat %vh:~" will be,the Subject o~technical rep0~s on,

the individual organisms and parameter,s; we hop~this will.

feature b~ the Newste’gter,

We welcome:sugg~s~Dns~ as to which organisms
l~aramete~ shou~ be covered lntheStlatu~and’ca-end~ issue,
Send.sl~gge~tions ~ l~ndy Browl~ via fax
on emait (rbrown@wateroCa~jov) or phone (916/227~7531).
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Modeling and Predicting Intertidal Variations of the Salinity Field in the Bay/Delta
Noah Knowles, Scripps Institution of Oceanography, La Jolla, California; Dave Peterson, U.S. Geological Survey, Menlo Park, California;
Reg Uncles, Plymouth Marine Laboratory, Plymouth, United Kingdom; Dan Cayan, Scripps Institution of Oceanography, La ]ella

San Francisco Bay and the Sacramento/typically suffer from difficulties in
San Joaquin Delta have challenged estu-accounting for physical processes lost ~ ~_.~4~j_’-’        ’
arine modelers for some years. Accurate,through this averaging process. The UP
broad-scale models of this estuary havemodel addresses this limitation by build-
been in demand by those concerned withing in results from a more detailed, high-
its ecological health and the develop-resolution intratidal model (Cheng,
ment of sound management policies. ACasulli, and Gartner 1993). This intra- ~ ~~,~ ~ ~
description and better understanding ofdda! model was run through a series of
the dynamics that govern the bay/deltatidal states, varying from a weak neap
are complicated by the system’s corn-tide to a strong spring tide. Afewimpor- ’~

p lexity, requiringmodelsthataresophis-tantvariablesrelatingtothetides, includ- 1~" ""~ ",, ~~
ticated enough to capture the subdeing maximum tidal current speed, tidal
physical processes involved, energy dissipation, and stress on the

One approach to simulating daily tobay’s bed, were taken from these runs

monthly variability in the bay is theand tabulated according to five ranges of

development of an intertidal model usingthe tidal state. The LYP model then
accesses these tables with only the indi- Figure I

tidally-averaged equations and a timecafionofeachday’sddalstateasitsinput.SEGMENTS COMPRISIN~ BAY/OELTA IN THE
step on the order of a day. An intertidal UNCLES/PETERSON MODEL

Thus, some of the crucial informationnumerical model of the bay’s physics,
capable of portraying seasonal and inter-usually lost in the tidal averaging process

annual variability, would have severalis recovered, and a great deal of compu-

uses. Observations are limited in timetation is avoided.

and space, so simulation could help fillThe second means by which the UP
the gaps. Also, the ability to simulatemodel reduces its computational load is
multi-year episodes (eg, an extendedthrough its relatively coarse resolution.
drought) could provide insight into theThe mode1 bay is composed of 50 two-
response of the ecosystemto such events,layer segments (Figure 1). The upper layer
Finally, such a model could be used in ais 5m thick and the lower layer extends
forecast mode wherein predicted dekato the deepest part of each segment’s
flow is used as modelinput, andpredictedestuarine section (Figure 2). At each time
salinity distribution is output with esti-step, the model calculates across-segment
mates days and months in advance. Thisflows and volumetric mixing, which it 1note briefly introduces such a tidally-uses along with the forcing inputs to set
averaged model (Uncles and Peterson, inup the inverse problem for salinity con-
press) and a corresponding predictiveservation. This low-resolution, "box- *’~"--.~_.~_.

scheme for baywide salinity forecasting,model" approach, when combined with
the intertidal method discussed above,

Figure 2The Undes/Peterson Model allows a simulation of long-term dynam- SAMPLE MODEL SEGMENT, UPPER AND
This numerical model, developed byics without massive amounts ofcomput- LOWER LAYERS
Uncles and Peterson, simulates tidally-ing (the FORTRAN version rtms on a Me up~r layer is 5 meters thick; the lower layer

averaged currents and salinlties with awork station, 1 minute compute time, sents dooper~nels.
Layer widths (Wu, W1) are in the cross-estuary direction.

time step of one day. Bathymetry dataabout 2 years simulation time).
are used to configure the model to theAn example of the UP model output isStrait by April (Figure 3, middle). In
estuary. Daily forcing inputs are precipi-shown in the series of images in Figure 3.subsequent months, delta flow dimin-
ration, evaporation, salinity at the mouthThese maps show the simulated evolu-ished enough to allow tidal mixing
of the estuary, freshwater inflow rates,lion of the bay’s salinity distribution foreffects to take over~ and the FSI retreated,
and tidal state that varies with the spring/wateryears 1994and 1995, with darkerreaching the delta again by the water
neap cycle, shading corresponding to saltier water,year’s end (Figure 3, top). In the much

The intertidal equations employed byThe upper map shows the high-salinitywetter winter of 1995, in which sus-
the model are derived by averaging thedistribution that typically occurs intained flows of over 2,000 m3/s pushed

full equations of fluid motion over atidalOctober. In the relatively dry wateryearthe FSI as far as Point San Pablo, fi’esh-
cycle, presumably resulting in equationsof 1994, the freshwater/saltwater inter-ening the north bays and having a clear

that represent tidally-averaged motion,face (FSI) was displaced slightly seawardeffect in the south bay (Figure 3, bottom).

However, intertidal estuarine modelsfrom the delta in October to CarquinezBy the end of May, Sierra snowpack
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reserves 8egari to diminish, and the FSItions at Martinez show very similarstatistical flow prediction capability
began its slow push up the estuary, trends but with an offset between them.based on a 23-year history of recorded

The model consistently underestimatedflow data and snowpackindicators in theThe UP model has not yet been fiillysalinity at this station, indicating that theSierra. This historical record was parti-amed to optimally capture the bay salin-
ity variability, but the initial version ofmodeled FSI tended to be too far down-tioned into two subsets: those years with

the model agrees well with observationsestuary (toward the Golden Gate), oraverage flow rates above andthose below

on a monthly and perhaps daily timepossibly that lateral effects may bethe median, providing two sets of data

scale. Figures 4 and 5 compare modeledimportant at this station (see Figure 10with which separate predictors for wet

and observed monthly-averaged surfaceof Smith and Cheng 1987). Nearer theand dry years were developed. Late-

salinities throughout the bay. Thesedelta, three stations are groupe& Pittsburg,winter, spring, and summer flows were

exhibit reasonable agreement at GoldenCollinsAlle, and Antioch. Figure 5 showspredicted based on current flow and

Gate and Alameda, the closest stations tothat the model replicates observationssnowpack values and used to force the

the coastal sea. The model and observa-quite realistically at these stations, indi-model through future months, provid-
caring that it may be a useful tool foring salinity predictions. When such pre-

SP Bay Daily Salinity predicting salinity intrusion and the loca-dictions are applied to the 23-year record
-q don of the FSI and the associated turbid-

ity maximum. A comparison of modeled
and observed daily salinity at Pittsburg

~ over 1967-1981 (Figure 6) demonstrates
lo/ 1/1998 ~ that it also captures the interarmual changes

in salinity over the broad range of condi-
tions that occurred during this epoch.

A Predictive Scheme              "~o~                Pillsburg (5)

The ability of the LIP model to simulate       0 ’ ’
the salinity distribution in the bay/deka ~ 40 ¯ ~/.      . ,
on daily and seasonal time scales enables
it to be used in a predictive scheme. To
this end, we have developed a simple

0

2/28/1994

0 10 20      30 40
Measured (psu)
Figure 5UNC ES   RSON MODEL PERFORMANCE

STATIONS

0
0 I0 20 30 40 1968 1972     1976 1980

Water Years
Figure 3 Measured 0:~su) Figure

MAPS OF BAY SALINITY Figure 4 UNCLES/PETERSON MODEL PERFORMANCE
Top:.Typical saline October distribution. UNCLES/PETERSON MODEL PERFORMANCE (SIMULATED VERSUS OBSERVED) ATMiddle: I-reshest distribution of dry year 1994.

Bottom: Freshest distribution of wet year 1995. AT HIGHER-SALINITY (SEAWARD} STATIONS PiTTSBUP, G, 1967-1981
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[or ~¢hich flow and snowpack recordsThe upper plot shows the dry-year pre-shows that interannual salinity variations
are available, r~ae difference between oh-diction applied to information availableare very well captured over the 23-year
served and predicted flows is consideredon February 1, 1994. The predictedhistory examined so far. The UP abilities
to be due to the effects of weather. In thissalinity agrees remarkably well with thein the south bay are not thoroughly illus-
way, two 23-year ensembles of weatherhindcast salinity. This results becausetrated here, but experiments at USGS in
effects are determined, associated with1994 was very dry, and by late February,Menlo Park 0D. Peterson and L. Schemel,
the wet-year and dry-year predictors,freshwater flows were already smallpersonal communication)indicate useful-
Then, when a new prediction is devel-enough that tidal mixing had begun toness there also.
oped, these multiple realizations ofdominate the dynamics. This highlightsThe economy of the UP model in terms
weather can be addedto it, andthe result-the strength of the UP model as an accu-of computational requirements and its
ing spread of salinity represents therate predictive tool in particularly dryphysically based baywide character make
distribution of the weather’s potentialyears, when salinity forecasts tend toit a model forecast tool. The preliminary
influence on the bay/delta. To demon-depend strongly on hydrodynamics ofefforts shown here are aimed at develop-strate, predictions of surface salinity atthe bay. In the next two plots, the effectsing an extended (few days to several
Martinez, in Carquinez Strait, have beenof the weather ensemble have beenmonths) forecasting capability. Because
developed for 1994 and 1995 (Figure 7).re.~aced .~wid~th curves representing theit is easy to run several predictions of a

10 and90 percentile of the predictiongiven water year case, the approach hereFEBRUARY 1994 DRY-YEAR PREDICTION for clarity. The middle plot in Figure 7is toward carrying out an ensemble ofa~ ........... shows the April 1 dry-year predictionforecasts to establish a mean and the level~ for 1994. One would expect some ira-of uncertainty. In the present case, weprovement in the prediction, since mosthave used salinity as our predictand, but~’m significant events affecting freshwaterbecause the model contains ftmdamental
~0 ..........

.:~....... ....... flow occur in winter and spring, but thephysical properties (at least in approxi-~.,.’ "":..:.::.7,,,’~’"... ... ""’" "’".,./
_~15 ..,’~:: ’~ ..:?" ~"’.::’"":~:i?_~i’~April prediction is poorer than Febru-mate form), it is conceivable that other~10 :7 .’:~" :""" "~:::;: .... :¯ . ..... .~�    .~," ary’s. Part of the reason for this is thatvariables can also be predicted (eg, tern-:.." .~ -’ ~* .........: ........:~:~ 1994 was so dry, lowering the relativeperamre, sediment load, nutrients, e~c).s           ~’~"~"::~" " ~":: ......."::=’:’~""~ significance of the earlier months over~: .’.-    ~: ,~d?’q..,. .. ¯ ...:~.. ........

~ o ~ � u ~ ~ a ~ ~s the later ones. The final plot (Figure 7,Several improvements are envisioned or
w~04 ~O~T~S bottom) shows the wet-year predictionunderway. Developments planned for

~ml~ ~ 0RV-V~am ~o=cno~ for the current wet year. It is, of course,the UP model include a calibration of
difficult to gauge the efficacy of the wet-each segment’s horizontal and vertical
year predictor in this case, because salin-mixing coeffidents to optimize model
ity was zero for most of the year andperformance. Wind effects on evapora-
changes in predicted inflow would havetion and surface stress will be included,
little effect. Nonetheless, the dynamicalallowing the modal to be coupled to a
accuracy of the UP model enables area-suitable modal ofthe atmosphere.Knowl-
sonably accurate prediction of timing ofedge of the temperature field would be
the year-end rise in salinity, useful to those studying the biology of

the bay, so a thermal component will be

~ 0 a ~ ~ ~ u a a ~s Sunmaary and Conclusions added. Variables representing the chem-
wv~ MOmHS The UP model provides a capability toistry such as nutrient content will also be

¢~.u~v 19~s w~-v~a,a~lc~o,
simulate daily-interaunual variabRity inincorporated. The predictive scheme
salinity throughout San Francisco Bay.will be improved by developing a more
Although the UP model carmot accountsophisticated predictor of delta flow,

for lateral (cross-bay) salinity spatialvari-along the lines of the extended stream-
ability, initial comparison with observedflow prediction procedure that combines
daily salinity records at selected stationshistorical data with hydrologic model

between the Golden Gate and the deltaoutput (Smith et al 1992).
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Petition to List Spring Chinook Delta Smelt October Midwater Trawl
Survey Results

Spring chinook is one of four races of chinook salmonLeo lY/internitz, Department oflVaterResources

inhabiting some of California’s Sacramento Valley streams.Results of the October midwater trawl survey indicate a delta
Spring run are found in Butte, Mill and Deer creeks off thesmelt distribution centered around the Suisun Bay area, with
Sacramento River mainstem; in the Feather River; in thea few Fish found in San Pablo Bay and in the Sacramento River
Sacramento River itself; and in a few other small tributaries.near Cache Slough. Results also indicate a fairly high abun-
Although no spring chinook are presently found in the Sandance index for the month. A total of 326 delta smelt were
Joaquin system, there was a large run to the upper San Joaquincollected, for an index of 349.6. Combined with the September
drainage before construction of Friant Dam in the 1940s. index of 126, the 2-month index is 475.6. With November and
Adult spring chinook move through the deka during theDecember left, the year’s abundance index could be around
spring toward their natal streams, where they hold in deep,600. The relatively high September and October index is
cool pools before spawning in early fall. Not much is knownsurprising, given that delta smelt were coming off the lowest
about the juvenile outmigration. Some appear to move down-adult abundance index on record (1994 adult index of 101.2)
stream as fry, some as smolts, and some as advanced smolts,into a very wet year. Wet years such as 1995 along with dry

years such as 1994 have been considered stressor years for theExtensive Feather River spring chinook hatchery production,species. HistoricaLly, deka smelt survival is poor in these types
with subsequent planting and straying to some Central Valleyof years.
streams, has corffused the issue as to what constitutes a "wild"
spring run. Not all species appeared to do well this year. Based on the

summer and fall tow-net and midwater indices, striped bass
On August 30, 1995, Senator Tom Hayden submitted a peti-survival appeared to have been low. Apparently, environ-
tion to the California Fish and Game Commission to list themental factors that provided for relatively high delta smek
spring run of chinook as endangered under the Californiasurvival did not do the same for striped bass. What are these
Endangered Species Act. On advice from staff, the petition wasfactors? Why is delta smelt survival up given they came off the
temporarily withdrawn for reformatting and inclusion oflowest adult abundance index on record into a stressor year?
additional information then resubmirted to the Fish and GameResults from the midwater trawl survey continue to puzzle
Commission on October 16. biologists working on the species. We continuously learn
The next step is for the Fish and Game Commission to publishthere is much we do not know about delta smelt.
a notice of receipt in the California Regulatory Notice Regis-Anybody with ideas, please contact the Resident Fish Project
ter, which marts a Department offish and Game 90-day reviewwork team at 916/227-7548 or lwinte~ater.ca.gov.
period. The commission will then schedule the petition for
hearing at its first available meeting after review is completed.
It appears that the petition could be considered at its meeting OCTOBER 1995
in Redding on March 7 and 8, 1996. .S-. "
At the meeting, the Fish and Game Commission can:

Reject the petition
¯ Conclude that the petition is warranted and make the spring : ’: : #’ ..

run a candidate species. ~ ~- ~ .~., ., ~,o:~ -. .......

E the Fish and Game Commission finds the petition to be"~ .....’."
warranted, it will solicit public comments during a 45-day. !. ~:
review period and instruct the Department of Fish and Game.~.- ; ,~
to prepare a status review of the spring run. The status review, .’ ¯ ,-, .
will include an analysis of the best scientific information and .... ¯ ....[
a conclusion as to whether or not the petition is warranted.~" ¯ .... ~/;; ~.~ ~ :" " ,"
The review also includes information on critical habitat and.~- .. ~
management actions needed to recover the species. ~o~. 5 ’

- -~...1

If all goes according to schedule, the Fish and Game Commis-
sion will consider final disposition of the petition at its March DELTA SMELT COLLECTED DURING OCTOBER IN THE
1997 meeting. The public will be able to comment at this FALL MIDWATER TRAWL

Delta Smelt Collected = 326
meeting and will have access to the status report. If the OctoberAb~ldancelndex=349.6
commission finds that the petition is warranted, it will publish
a notice of finding and proposed rule-re&king to list the spring The Deparfrnent ofFish and Game, the lead agency for the midwatar trawl,

develops the delta smelt indices.
chinook as tJt~reatened or endmtgered. Personnel from other agencles assist in the data collection.
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Preliminary Results from the Hydrodynamic Element of the
1994 Entrapment Zone Study
fon Burau, USGS, California District; Mark Stacey, Stanford University; and Jeff Gartner, USGS, National Research Program

This article discusses preliminary results
from analyses of USGS hydrodynamic Net residual

data collected as part of the 1994 Inter- / current profile
agency Ecological Program entrapment .... .
zone study. The USGS took part in three ~-- Net seawa~’rd

~

~iNuil "\30-hour cruises and deployed instru ....ct_.~rr..en..~._ Zone! River

ments for measuring currents and salin- Net landward---~
ity from April to June. This article
primarily focuses on the analysis of data
from five Acoustic Doppler Current Pro- Entrapment Zone

fliers (ADCPs) deployed in Carquinez
Strait, Suisun Bay, and the Western Zone 0f gravl~tional elreulatlon
Delta. From these analyses a revised con-
ceptual model of the hydrodynamics of Figure
the entrapment/null zone has evolved. GONGEPTUAL MODEL OF THE ENTRAPMENT AND NULL ZONES
The ideas discussed in this newsletterof the entrapment zone assumes a land-         Discussion of the Data
article are essentially working hypothe-ward flowing residual current along the
ses, which are presentedhere to stimulatebottom of the estuary known as gravita-

Figure 2 shows the approximate ADCP
positions of the 1994 entrapment zonediscussion and further analyses. In thistional circulation. Gravitational circula-study. The ADCP data from the instru-article we discuss the currently-heldtion is a residual two-layer flow in whichmenu located in the southern channel ofconceptual model of entrapment andlow salinity water flows seaward in theSuisun Bay and the Western Delta showpresent data that are inconsistent withsurface layer, while denser, more saline

dais conceptual model. Finally, we sug-water flows landward in the bottom
no evidence of upstream flow at the
estuary bed even though the meangest a revised conceptual model that islayer; this two-layer flow results fromposition of the 2 psu near-bed isohalineconsistent with all of the hydrodynamicthe balance between the free surfacewas near Mallard Island (Figure 3).data collected to date and describe howslope acting in a down-estuary direction,Specifically, the ADCP data collected inthe 1995 study incorporates our revisedand the longitudinal density (salinity)Carquinez Strait near Martinez fromconceptual model into its design, gradient acting in the up-estuary direc-April 22 to June 15 show strong residualtion (Officer 1976). The commonly heldnear-bed currenr.s of 15-20 cm/s directedExisting Conceptual Model of conceptual model of entrapment is basedup-estuary (Figure 4). In contrast, ADCPEntrapment in the Northern Reachon gravitational circulation, a tidallydata from Concord (Figure 5), Mallard

The generally accepted conceptual modelaveraged or residual concept. Yet mostIsland, the Sacramento River near chan-of the entrapment zone is that it is an area(if not all) of the data previously used tonel marker 10, and the San Joaquin River
of the estuary where a flow convergencesubstantiate this model are of short dura-near Antioch show near-bed residual cur-
results in increased concentrationof tion (transects), which are not suitablerents that were directed down-estuary,particulate matter; this usually occursfor studying residual or net processes, indicating a lack of gravitational circula-through the interaction of particle (orIn contrasx, time series data from deploy-tion. ADCP data collected by NOAA in
organism) sinking and net up-estuaryments of ADCPs and Conductivity,Carquinez Strait and at Concord from
flow at depth (Kimmerer 1992). For theTemperature, Depth (CTD) sensors canApril 22 to May 22, 1992, are consistent
purposes of this article, net, tidally-be low-pass filtered to remove the tida!with the data collected in I994 in that
averaged, and residual all imply timesignal so that residual processes can benear-bed, residual currents in Carquinezscales whose periods are significantlydirecdy estimate& The approxLmatelyStrait were up-estuary, and near-bed resid-
longer than the diurnal tidal period of2 months of continuous hydrodynamicual currents were down-estuary at Con-
about 25 hours. The null zone, which istime series data collected in the spring ofcord. X2 was again landward of Mallard
generally believed to coincide with the1994 can be used to evaluate the concep-Island during the 1992 NOAA deploy-
up-estuary limit of the entrapment zone,tual model of the entrapment zone basedments as shown in Figure 3.
is a location in the estuary just down-on gravitational circulation. Specifically,estuary of where residual landward flowxs gravitational circulation the major

The observed magnitude of up-estuary
near the bottom ceases and where resid-contributor to the salt balance in Suisunnear-bed residual currents in the Car-

qulnez Strait ADCP data, coupled withual flow throughout the water colunm isBay and is it the principal mechanismthe down-estuary near-bed residualseaward (Figure 1). responsible for accumulation of particlescurrents in Suisun Bay, suggests the pos-
Both the entrapment and nu]l zones have and organisms in the low salinity zonesibility of a topographic control of the
been associated with X2, the position of(- 2 psu)? gravitational circulation at the Benicia
the near-bed 2 psu isohaline. This model
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Bridge, where the depths change from
about 19 meters in Carquinez Strait to
about 11 meters in Suisun Bay. The con-
cept oftopographic control is well known

’ Suisun ¯ aoct, r/a~aao,,s (Armi 1986; Farmer andArmi 1986), and
we believe the rapid decrease in depth

.̄.i ari~ztx !~y just landward of the Benicia Bridge may
be responsible for the change in near-bed
residual currents from 15-20 cm/s

Sacramento River estuary in Carquinez Strait to 5-10 cm/s
down-estuary at Concord in both the
1992 and 1994 data sets. It is, therefore,
likely that a null zone (location where

M,,t~oramoa~t the near-bed residual current changes
Martinet

Antiach from up-es~tlaI’y to down-es~llalff) was
o 5 to ~an ~.,.toaquin geographically Fixed to an area near the
~ ~ I Benicia Bridge in the spring of 1992 and

o, ~ meter aet, tl~ c,,,t,,ur~ are sl~awn 1994 even though the mean position of
Figure 2 the 2 psu near-bed isohaline was near or

~ 994 ADCP POSITIONS up-estua~ o f Mallard Island during these
periods.

.... t ! i
~~-.ii               i

A complete review of all of the historical
, ............................-.’ .......................... i .........................................~ .............~. .........’ -.i .............~ ............ near-bed current meter data collected in

i i i ~~/ ! i ~-..-~’--~ Suisun Bay (Cheng and Garmer 1984;

~ ......:": ............................................ River (George Nichol, 1990, personal
0.0,... ,,; ....;., .,,; ....i,,o .,~i..° ,h ....i.., ..,,i,., ,,~0., .,,i, ....io:.; ,,i,.o communication) suggests the following

o,vs ~.o~ a~,u^,v, spatial and temporal characteristics of
gravitational circulation in the northernFigure 3 reach:LOW-PASS FILTERED SALINITIES AT MALLARD ISLAND

Solid Line = 1992 near-surface sensor (1) Gravitational circulation dominatesDashed Une = 1994 near-surface sensor
The near-bed sensor was not available in 1992 residual transport in Carquinez Strait

unless freshwater inflows are so high
that no salt water is present.

(2) Gravitational circulation has not been
measured in Suisun Bay in the spring

o, _,o in the fall (F~gure 6).
~ -,, ! (3)Grav~tational circulation has been

,~ ....., .... i i measured in the Sacramento Ri~er at

bed s~ties ~ave ]oc~y exceeded
Figure 4 about 2 psu.NEAR-BED RESIDUAL GURP, ENTS IN CARQUINEZ STRAIT NEAR MARTINEZ

In this stick diagram, currents are rotated into a loca! principal direction of 75 degrees determined by harmonic analysis.            ~ ......................................................

~o~o .......... ..’-;...~...;~ .r. ..........:. ............i .....................i .... ; ..........~ ...... ::.o-.;- ....................:~ ......|

DAYS FROM JANUARY 1
Figure 6

~ Figure 5 OCCURRENCE OF NET UP-ESTUARY
NEAR-BED EULERIAN RESIDUAL CURRENTS IN SUISUN BAY NEAR CONCORD NEAR-BED CURRENTS~ In this stick diagram, currents are rotated into a local principal direction of 82 degrees determined by harmonic ana!ysis. Data cullected by Cheng and Gartner, NOAA, and

MorIenson.
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(4)When gravitational circulation isthe strength of the gravitational circula-When the numerator in Equation 4 is
present in the northern reach, itstion: the horizontal density gradientlarge relative to the denominator, we
magnitude is modulated by the fort-(~-), depth (H), and vertical mixingexpect a strong gravitational circulation

(N,--~ ). Although Officer s relatloncell. Conversely, if the numerator isnightly (14-day period) spring/neap u2 , ¯

cycle: gravitational circulation ishas the correct essenual ingredients, It rssmall and the denominator is large, we
weakest during spring tides andbased on a balance that is limited to theexpect no gravitational circulation to
strongest during neap tides, vertical mixing created by the densitydevelop. In between these extremes, a

In summary, the available data suggest acurrent profile itself and ignores verticalcritical condition exists where the
seasonal variability in the strength of themixing by the tides, destrati~ing influence of the vertical
gravitational circulation in Suisun BayBased on one-dimensional modelingshear is perfectly balanced by the density

gradient induced strati~cation. Abovewhich is tied, through the salt field (hori-of stratified water columns, we canthis critical value, gravitational circula-zontal density gradient), to winter freshconstruct (see Monismith et al 1995) an
water flows. In the spring, gravitationalalternate parameterization of gravita-tion exists; below it, vertical rrfixing by

the tides inhibits its development. Wecirculation appears to be weak or absenttional circulation strength based on arefer to this condition as the critical hori-in the southernmost channel of Suisunhorizontal Richardson Number, Rix,zontal Richardson number, Rix(criO.Bay. However, as salinities increase inwhose formulation relies on a balance
Suisun Bay as the summer progresses, thebetween the mixing energy of the tidesI£we assume the horizontal Richardson
strength of the gravitational circulation(- ~, which, when using a straining timenumber is a good predictor of the occur-
increases until winter runoff flushesscale,[7"~ff),gives- @]andthepoten-fence of gravitational circulation and
salinity out of the northern reach. In thetial energy from the gravitational circula-that its critical value, Rix(crit), is inde-

(~_z,~_) pendent of position, then we can esti-following sections we suggest a revisedtion induced stratification [-~ o. r
conceptual model of how gravitationalwhere Ap can be scaled assuming anmate, from data, the difference in the
circulation works in Suisun Bay that atadvective balance as (u’r~-), which givesrelative magnitude of the horizontal
least qualitatively explains the depth,,0.-(-g-3UH~’. ~." where. . U, H,. .T are a.ppr°2 .ri"density gradient required for gravita-
fortnightly and seasonal vafiabi~ty ob-ate velocaty, depth, and time scales. Tbastional circulation to exist in Carquinez
served in the gravitational circulation,balance becomes: Strait and in Suisun Bay. For gravita-

tional circulation to occur in Carquinezu3 g UH-~x, (2) Strait we have,Revised Conceptual Model of H
Entrapment in the Northern Reachwhich can be rewritten as a nondimen- g H~., ~}ca~ _> .~/~,~) (~)

Officer (1976) developed a simplifiedsional ratio:
model of gravitational circulation for a g H: a~ and for gravitational circulation to occur
uniform channel that assumes a balance ~/~ = po u2 a~ (~) in Suisun Bay,
between the tidally averaged horizontalThe horizontal Richardson number, g H~ ~us_>Ri~) (~)pressure gradient (which can be split intoRix, involves the same dependent vari- ~o u~
a density gradient component ~ thatables as does Officer’s relation [propor-Equating the two Richardson numbers
drives the gravitational circulation andtional to the horizontal density gradient,at criticality and rearranging,
a water surface gradi~nt component,essentially the tides, ~ and shear in- depth (squared), and inversely ~,ropor-tional to the tidal energy (U)] yet        (-~)s~sduced vertical mixing ~rom the densityincludes tidal mixing directly in its for-From the ADCP data collected lastcurrent profile itself. Onthe basis ofthismulation and is, therefore, at least theo-spring, we know that Hcar= 15m, Ucarbalance he presented the following equa-retically, more appropriately applied to- 85cra/~, and Hsus = 8ra, Usus -- 78 cm/’stion for the residual current profile, macrotidal systems like Suisun Bay. A(data collected near the naval weapons

~=_~;.t½(H~_,2)~_6_~7,(U3_,3)~l (~)more intuitive form of Equation 3 is: stafion, the velocity scale in both cases is
(~)~- the near-surface RMS current) so that

where uz is the longitudinal residual ~’-- (~)~ (~) Equation 7 becomes
velocity as a function of z, g is gravity,
Nz is a vertical eddy viscosity (a vertical where U is the near-surface velocity. In (~)s~this form, Rix can be thought of as rep-
mixing parameter!z, ation), His the meanresenting a ratio between the horizontalwhich suggests that for gravitational cir-depth, z is distance in the vertical direc-density gradient (~) that drives theculation to exist in Suisun Bay, itrequirestion measured positive from the bed, ~ isgravitational circulation (which alsothree times the horizontal density gradi-sea level, p is density, po is a referencestratifies and thereby stabilizes the waterent required in Carquinez Strait.density (usually taken to be that of freshcolumn) balancedagainstthe (water col-
water), andx is distance in the horizontalumn average) vertical shear ((~)) squared, Even though very little data have been
(or along channel) direction. Officer’swhich tends to reducethe strength of thecollected that can be used to compute
relation (Equation 1) describes the threegravitationalcirculationthroughverticalhorizontal salinity (density) gradients
principal factors we now believe controlmixing. (spring 1995 entrapment zone data will
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change this), the filtered ADCP data Long-Term Variations in during spring tides, we see reductions in
collected last spring are qualitatively Tidal Enerl~ the strength of the gravitationa! circula-
consistent with the above discussion andThe dynamics that control the magni-tion. Conversely, during periods of sen-
suggest that in the relatively shallowrude of the net near-bed currents areerally weak tidal currents (neap tides),

when vertical mixing is less, increasedchannels (--11m) of Suisun Bay, the mag-among the most complicated in surfacegravitational circulation is observed. Fig-nirude of the horizontal salinity gradientwater physics since they involve shear-tire 7 shows the variation in tidal energyis generally too weak in the spring tobuoyancy interaction at turbulence time(proportional to < u2> where the < >overcome the energy available from theand space scales. The study of verticaltidal currents for vei~ical mixing. Con-mixing through turbulent interactionsrepresent a tidal filter) throughout the
versely, deep waters like Carquinezin a stratified water column is not onlyyear for .1991, 1992, and 1994. Although

this plot looks deceptively like a tidal
circulationStrait (>18m)cellCanin theSUStainspringa gravitationalbecause:fundamental to understanding long-termrecord, each local maximum on this plottransport processes in the estuary, but isrepresents a spring tide and each local(1)Deeper waters require a smalleressential to produce realistic long-term

horizontal density gradient to ex-3D model results (eg, the problem ofminimum a neap tide. From Figure 7,
ceed a critical horizontal Richard-turbulence closure). In this article, how-one can see thatthe tidal energy available
son number, and ever, we skip over the complexities thatfor vertical mixing changes significantly

(2)Salinities "pile up" (topographicallyoccur at the rurbtdence and intertidalwithin the year and between years. The
controlled) behind the change intime scales (primarily because they aresolstices are periods of maximum tidal
depth that occurs near the Beniciapoorly understood)and provide insteadrange and weakest neaps. Conversdy,
Bridge, which locally confines anda heuristic discussion of how the tidalthe vernal and autumnal equinoxes are
increases the horizontal salinitycurrents affect density-driven residualperiods ofminimaltidalrangeandenei’-
gradient in Carquinez Strait duringtransport. Moreover, an important goalgetic neap tides. The 1992 and 1994

ADCP data were collected near the ver-the spring, of this research is to develop a relatively
On the basis of the historical currentsimple, easily measurable parameteriza-nal equinox during a period of energetic

neap tides. The energetic neap tides in
meter data (Figure 6), it appears that tion, like Nix, that predicts the occur-combination with what we believe were
gravitational circulation begins in therence of gravitational circulation, whichrelatively weak horizontal density gradi-
southern channel in Suisun Bay in latecould be related to ecosystem parametersents (the density gradients were not
summer or early fall depending on freshand could easily be applied as a manage-actually measured) likely account for the
water inputs to the bay. Because thement tool. observed lack of net upstream bottom
depths and the tidal energy generallyThe previous sections have discussedcurrents in Suisun Bay duringthe spring
available for vertical mixing in Suisunthe dependence of the gravitationalof 1992 and 1994.
Bay are not markedly different betweencirculation on the depth, H, and on the
springandfall(bothofthesetirneperiodshorizontal density gradient, a~ FromIn summary, our revised conceptual

model of the northern reach based onare during the equinoxes when the tidalEquation 3, we see that the magnitude
energy is weak, Figure 7), we hypothe-of the tidal currents, U, also play a roleEulerian measurements is as follows:
size, based on Equation 3, that the lack(e~ inversely proportional to the tidal(1)The depth dependence in Equation 3
of gravitational circulation in Suisun Baycurrent squared). In fact, variations in theexplains, in part, why we see strong
in the spring and its occurrence in the fallcurrent, U, change Nix substantially gravitational circulation in Carquinez
are due to an increase in the horizontalmore than do the horizontal density gra-Strait (I-~19m) and none in Suisun
salinity gradient in the fall over that indient, 8, variations. When the overall-Bay (H---lira) in the spring.
the spring, magnirude of the currents are higher,(2)The inverse relation to velocity

squared, U2, in Equation 3, accounts
for the spring/neap modulations in
gravitational circulation strength.

v0,.~ s ..... Au~ ....~ wl,,~, The velocity squared is an index of
.~= ~.~ ~ - ~,,0o ~ -so.~ ~, -~ ~ the tidal energy available for vertical

~9~__ i i I i mixing. Increased vertical mixing

....... .......

!1’’~ - - "~4 - i~~!~:t’;; ’ ::""    ,""~

::"’ "/    ’, .,: ......:’, t ’~:,~ :,, ~ :;,:," .~ ,’:’;      . ~,i,,,,~i
::", ’"      ,’ ~i![’"

able during spring tides breaks down from the increased tidal energy avaiI-
~ ...... , , , ’ : , ’ :’, ¢~’ , ’, ,, ’, ,° : ~! , ,- ’ ,,~,! stratification, which effectively short

"" .....I , i, ’ ~ circuits the gravitational circulation
"’*’* ",; , , i , "’[’ \.!, induced two-layer flow.
’ ..... ~,.,;,,;i ..................... (3)The horizontal density gradient, ao

drives the gravitational circulation;
without it, gravitational circulation

Fi~ur0 7
FILTERED PREDICTED CURRENT SPEED SQUARED AT MALLARD ISLAND FOR does not exist. The strength of the

CALENDAR YEARS 1991, 1992, AND !994 horizontal density gradient in pro-
The labels EZ1, EZ2, and EZ3 represent the times when the biol0gicai syneptic sampling occurred, portiort to the depth squared and in

inverse proportion to the velocity
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squared (eg, the horizontal Richard- Management Implications explained the turbidity maximum and
so= xxxxrix!~er) pro~rides a posslbieThis revised concepmal model has signifi-entrapment zone as restflting from a
explanation for the absence of gravi-
tational circulation in the spring incant implications to proposed dredginghydrodynamic null zone. The lack of

inSuistmBay andto the generally acceptedmeasured net up-estuay bottom currents
in Suisun Bay in the spring suggests thatSuisun Bay and its occurrence in thehydrodynamic explanation for the mr-if a turbidity maximum or entrapmentfall. Although there have been verybidity maximum and the entrapmentfew data collected in Suisun Bay from zone does exist in the spring, a mecha-

which horizontal salinity (density)zone. nism other than gravitational circulation
gradients can be calculated, we hy-If the depths near the Benicia Bridge aremust be responsible for it.
pothesize that the density gradientsignificantly lowered (dredged from 11m
in the spring may be too weak todeep and 92m wide to 14m deep and Condusions and On~oin~ Research
drive the gravitational circulation (eg,183m wide) as part of the John F. Bald-
the horizontal Richardson numberwin and Stockton ship channel dredgingIt is not surprising that a gravitational

circulation/null zone based model of en-is less than its critical value in theprojects (USACOE 1989), the bathy-trapmentpersisted; because much of thespring). During the summer, salini-metric control that reduces the strengthhydrodynamic data were collectedin theties and the horizontal salinity gradi-of the gravitational circulation in Suisunfall when gravitational circulation hasent increase until the horizontalBay from what it is in Carquinez Straitbeen observed in Suisun Bay (Figure 6).Richardson number exceeds its criti-will be moved from the vicinity of theThe horizontal Richardson numbercal value, and gravitational circula-Bridge into the interior of Suisun Bayaccounts, at least qualitatively, for thetion occurs. (Point Edith). This change in bathy-observed spatialandtemporalvariations(4)A semi-permanent null zone (andmerry could result in elevated salinitiesin the gravitational circulation. How-possibly a turbidity maximum) isin Suisun Bay and the Western Deka. Aever, before the revised conceptual modelprobably located near the Beniciadetailed hydrodynamic study in the areapresented in this article can be accepted,Bridge in the spring. At the veryadjacent to the Benicia Bridge is needed,a long-term (spring through fall) study isleast, net near-bed currents are sig-however, to verify the importance andneeded in which all of the parameters innificantly reduced in the channelsextent of this topographic control.
of western Suisun Bay from what the horizontal Richardson number are
they are in Carquinez Strait. A nullGiven that gravitational circulation wasdirectly measure& This study is now
zone probably moves from near thenot measuredin Suisun Bay in the springunder way. Seven ADCP-CTDs were
Benicia Bridge into Sudsun Bay andof 1992 and 1994, what does this implydeployed in Suisun Bay in late May 1995.
possibly as far as the Western Dekaabout the existence of a turbidity maxi-The location of other in situ hydro-
sometime during the late summermum or entrapment zone based ondynamicinstnimentation (Figure 8)was
when the horizontal density gradi-existing conceptual models? Numerouscarefillly chosen to measure all of the
ents become strongenoughto over-publications (Arthur and Ball 1979;relevant parameters in the horizontal
come tidal mixing. Peterson et al 1975; and others) haveRichardson number along the axis of

the northern reach. Moreover, because
gravitational circulation does not appear
to dominate spring-summer residual
transport in the southern reach of Suisun

"~ Bay, shallows/channel exchange is likely
Sui~’un Bay ee~c~ -.,~ .s..~ ^~ ~ ~e

~^~,-.~-~.~.~0~t~. to play a significant role. Therefore,
o~,,,,..,..,v.~,,(.~.~,) six current meters with CTDs were

~o.~ ~,.~a~ ~*~ ~-~.~ deployed in the shallows of both Grizzly~,,~* .......~a,,~, and Honker Bays in early July 1995 to
address shallows residence times and
shallows/channel exchange processes.
Most of the instruments in this study
were recovered in mid-September; the
rest were recovered in mid-October
1995.

L~gcnd
N~ADCP
BBADCP

¯ Cq’L~ )V
o

Figure 8
POSITIONS OF INSITU INSTRUMENTS IN 1995
Channel stations were depl.oyed the first week. of J.un.e;
shallows stations were deployed the first wee~ in ou~y.
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Sacramento Perch, Wakasagi, Splittail, Sacramento Blackfish, and Shimofuri Goby in
San Luis Reservoir and O’Neill Forebay
Lloyd Hess and Cathy Karp, U.S. Bureau of Reclamation, Denver, and Johnson Wang, National Environmental Sciences, Inc.

Fish sampling activities in San Luis Res- ! :
erv~ir have supplemented USBR re-

~ ~,.f.          =    ~            °" Sac. Blackfist~
- ,. :    . ,, ~ ,, i - " ~ & ShJ.mofuri Gob

search in the Delta. Objectives of the San             ’
Luis research are to:                             ,     ,

t

¯ Help us understand the effectiveness of
Tracy Fish Collection Facility in pro-
tecting fish from entrainment to Cen-

FO~£~,O’
:"

tral Valley Project facilities leading to s
San Luis Reservoir. ----~

,,¯Examine potential survival of fish spe-
cies passing the fish facilities and arriv-
ing at the reservoir through the ......
Delta-Mendota Canal, particularly the
ecologically sensitive smelt and native ...... , : - ’
cyprini& ’

¯Determine the eco o c s canceo i , [ t ,

fish species capable o/self-reproduction-! .........I ~ac. Perch
in the reservoir. ! ’ Sac. Blacl~fi:

Two trips were made to San Luis Reser-
voir to sample the fish community: Hgurel
April 20-21, 1994, and August 22-23, COLLECTION AREAS FOR SPECIAL INTEREST FISHES IN

1995. Areas sampled represented most of
SAN LUtS RESERVOIR AND O’NEILL FOREBAY

O’Neill Forebay and the Portuguese
Table1

Cove arm of San Luis Reservoir (Fig- FISH SPECIES OBSERVED AT
ure 1). On the lCirst trip, sampling gear SAN LUlS RESERVOIR AND O’NEILL FOREBAY,
included a half-meter plankton net, a 1994 and 1995.
3-foot plankton (net) beach seine, a 10-
i~oot (1/8-inch mesh) beach seine, and

Common Name Scientific Name 1994 1995

experj_rnental gill-nets. A total of 11 fish American shad Alosa sapidissirna + +
species were captured (Table 1). On the Threadfin shad Oorosoma petenense +
second trip, 10-foot and 50-~oot beach Wakasagi Hypomesusnipponensis + +

seines (both 1/8-inch mesh) were used to Goldfish Carassius auratus +
sample inshore Fish fauna. A total of 21 Common Carp Cyprinus carpio +

Fish species were captured in 1995. Dur- Sacramento blackfish Orthodon microlepidotus +

ing the two field trips, 24 fish species Splitttall Pogonichthys macrolepidotus +

were observed. Sacramento sucker Catostomus occidentalis + +
White catfish Ameiurus catus + +

~le most abundant fish species were Channel catfish Ictaluruspunctatus +
inland silverside and thzeadfin shad. Five Western mosquitofish Gambusia affinis +
species of special interest are discussed Inland silverside Menidia beryllina + +
below. Threespine stickleback Gasterosteus aculeatus +

Stdped bass Morone saxab’/is +
Sacramento perch Archopfites interruptus +
Green sunfish Lepomis cyanellus +
Warmouth Lepomis gulosus +
Bluegill Lepomis macrochirus + +
Largemouth bass Micropterus salmoides +
Black crappie Pomoxis nigromaculatus +
Bigscale Iogperch Percina macrolepida +
Tule perch Hysterocarpus traski + +
Shimofud goby Tritentiger bifasciatus +

SACRAMENTO PERCH Prickly sculpin Cottus asper + +
From Fishes of Cafifornia (Moyle 1976, U.C. Press.)

Total 11 21
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Sacramento Perch grated through the American River During the 1994 survey of San Luis Res-
Sacramento perch (Archoplites interrup- drainage to Folsom Lake, where it haservoir, we were looking for splittail re-
tus) is the only North American native become abundant. Extensive dike re-production, but found none. In 1995,we
centrarchid found west of the Rockypairs at Folsom Dam required majorwanted to document survival in O’Neill
Mountains. It is considered extirpated reservoir draw-downs, which probablyForebay of juvenile splittail being trans-

enhanced the invasion of wakasagi to theplanted down the Delta-Mendota Canalfrom its original habitat (the SacramentoAmerican and Sacramento rivers. Waka-from the abundant splittail year class inand San Joaquin rivers) and has not beensagi has been positively identified at thethe delta. On August 22, 1995, 26 juve-seen in the delta for at least a decade
(Peter Moyle and Scott Mat-tern, per- CVP/SWP fish facilities in recent years, nile split-tail (72 to 135 mm total length)
sonal communication). It is found inIn April 1994, three prejuvenile and ju- were captured near San Luis Creek boat
ponds in and around the delta and in avenile specimens (18.5 to 23.0 mm totalramp in O’Neill Forebay. We believe

these came from the Delta and not fromfew lakes where it was introduced. Thelength) were captured by plankton-net
Sacramento perch’s decline is attributedbeach seining in a small retention pondnatural reproduction in the San Luis/
to the introduction of other centrarchidson the Portuguese Cove Arm. This pondO’Neill complex. We based this conclu-
(sunfish and bass), which out compete itfloods when San Luis Reservoir is full. sion on the fact that in 1994, when split-
in its native habitat. On August 23, 1995, 29 larger juveniletail reproduction in the delta was low, we

Sacramento perch was extremely abun-wakasagl (64.0 to 90.3 mm total length)could not find splittail in either San Luis

dant in beach seine collections. We pre-were collected in the retention pond andor O’Neill, but in 1995, when splittail
beach seine stations in Portuguese Cove.reproduction was very successful in the

served 77 Sacramento perch rangingAll wakasagi captured during both tripsdelta, we found juvenile splittail in
from 20 to 43 mm total length, which O’Neill Forebay. The question remains
were captured on August 23, 1995, inwere young-of-the-year.

whether these juvenile splittail will stay
Portuguese Cove Arm. All specimensWe believe wakasagi has established ain the reservoir or try to migrate from
were young-of-the-year from the 1995reproducing population at San Luis Res-the system.
year-class and represented only a smallervoir in recent years because of an ap-
portion of perch observed. Apparently,parent large wakasagi population in San Sacramento Blackfish
Sacramento perch hasexistedandrepro-Luis Reservoir, while virtually no Sacramento blackfish (Ortbodon mi-
duced in San Lifts Reservoir for quite young-of-the-year smelt were collectedcrolepidotus) is a native minnow that has
sometime. Since there are presently noat the fish facilities in 1995. Reproduc-declined substantially in the delta. Black-
Sacramento perch in the deka, it musttion in San Luis Reservoir is a more fish has been abundant in the San
have been introduced into San Luis Res-plausible explanation, rather than DekaLuis/O’Neill complex and supported a
ervoir when the reservoir began filling in export, for the observed wakasagi distri-commercial fishery in San Luis Reset-
the late 1960s. At that time a small deltabution and abundance, voir.
population still existed. No delta smek or lont~em smelt wereIn 1995; we collected two size classes of
We believe successful reproduction incollected at San Lifts Reservoir duringSacramento blackfish in the San Luis
1995 may have been related to the weteither of the two sampling trips. Wecomplex. We collected several blackfish
winter, which allowed high stable waterbelieve wakasagi were successfully intro-in O’Neill Forebay and preserved a sin-
levels in San Luis Reservoir during May duced into San Luis Reservoir, whilegle specimen (107 mm TL). We believe
and June, the perch spawning season,delta smelt were not, because of waka-these fish were transported from the
Drawing down the reservoir in latesagi’s preference for fresh water. Deltaddta, since similar-sized blackfish were
spring for agricultural and municipaland longf’m smelts seem to require moreseen at the fish facilities. In addition, two
purposes probably strands many Sacra-brackish water, small juvenile blackfish (33.1 and 47.0
mento perch spawning nests, leavingWe expect the wakasagi population inram) were collected in the uppermost
them exposed to predation -- and evenSan Luis Reservoir to continue to section of Portuguese Cove. We believe
out of water in drier years, expand. We have not collected any waka-these smaller fish were spawned in the

Walfasa~i sagi in O’Neill Forebay. cooler water in San Luis Reservoir and
grew more slowly than delta fish.

Wakasa~ (Hypomesus nipponensis) is an Splittail
exotic osmerid introduced from JapanSplitttail (Pogonichthys macrolepidotus) is Shimo~uri Goby
into several California reservoirs in the a large native minnow that is being con-Shlmofurigoby (Tritentigerbifasciatus) is
late 1950s. At that time it was consideredsidered for protection under the federal an exotic fish species introduced from
to be the same species as delta smelt, butEndangered Species Act. During theJapan. It likely came into San Francisco
the two species have now been separated.&ought years of the late 1980s and earlyBay via ballast water in a freighter. There
Wakasagi is thought to have reached the1990s, splittail became scarce in the CVPis a question whether this species can
Delta through an introduction into Slyfish facility salvage; about 1 million jure- survive and successfially reproduce in
Park Reservoir in the 1980s (Dennis Lee, nile splittail were salvaged in 1993 andfresh water.
personal communication). Wakasagi mi-3 million in 1995, both wet years.
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Three juvenile Shimofuri goby (18.6 to Delta Flows
33.5 mm total length) were observed atKate Le, Department of Water Resources
the Delta-Mendota Canal’s entrance to
O’Neill Forebay on August 22, 1995 --The July-September Deka Outflow Index averaged about 22,000 ~s. During the
the first observation of this species in thelatter part of July, peak inflow was about 67,000 cfs and peak outflow was about
San Luis/O’Nei11 complex. It is not52,000 ds. These peaks are results of high flows due to the Foisom Dam gate failure.
known whether these juveniles repre-Combined SWP and CVP pumping from July through September averaged about
sent reproduction in O’Neill Forebay or8,900 ds. Since the CVP was pumping at full opacity, SWP pumping was increased
transport from the Delta. Because ofto accommodate the high releases through the failed gate. SWP pumping ceased for
their collection location, we suspect the2 days in late August because of maintenance work.
latter. , , , ,, ,,

Conclusions 80

Fish whose native habitat has declined-- ~
NET DELTA OUTFLOW INDEX

and whose abundance has declined as a
restflt -- have colonized the habitat in at 70
least part of the San Luis/O’Neill com- I ",-
plex. Sacramento perch found suitable
habitat in San Luis Reservoir and is an
example of a native fish that expanded its 60
ran~ge to newly created habitat. Waka-
sagi, a recently arrived exodc spedes,
seems to be dramatically expanding its
range and exploiting new habitat. For
both fishery and water delivery manag-
ers, management implications are associ-
ated with development and potential use
of new fish habitat. Additional research
on the fish communities of CVP canals v .~__
and reservoirs is being considered-
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Laboratory Culture of Delta Smelt
Serge Doroshov and Randy Mager, University of California, Davis

Wild juvenile delta smelt captured in falltilis (rotifer) was established to maintainLarvae were sampled at about 10-day
1994 were raised to maturity in labora-concentration of algae at about 250,000intervals, and data on growth and devel-
tory tanks. They spawned in May 1995.ceiL/mL and rotifers 10/mL in rearingopment will be presented. Preliminary
Eggs were collected and incubated incontainers. It was observed that phyto-observations suggest larval development
conical glass jars with upwelling flow.plankton in rearing tanks is required toof delta smelt from hatching to meta-
Although spawning remits were not en-stimulate feeding activity of larvae. Thismorphosis is generally similar to that of
tirely satisfactory (most spawnings pro-phase of larval rearing was highly suc-Osrnerus eper!anus (Urho 1992, Baltic Sea)
duced infertile or low fertility eggs), wecessful: estimated survival was aboutand likely to Osmerus mordax (Cooper
obtained several batches of eggs of high80%, and total length of larvae increased1978) -- hatching at 5-6 mm TL; yolk
fertility and hatchability. Mortalitiesfrom 5 to 12 ram. At 3 weeks afterresorption andfirstfeedingatSdaysafter
during rearing from juvenile to maturehatching, larvae retained continuous fin-hatching; sparse pigmentation with
stage were minor, and there was no inci-fold and did not exhibit lumenal dilationventral melanophores; differentiation of
dence of Mycobacteriurn disease. Fullof the swim bladders, dorsal, caudal, anal, and pelvic fins at
screen metal content analysis of rearingAt 34 weeks after hatching, larvae were12-18 mm TL; and swim bladder filling
water was conducted to elucidate poten-transferred to larger tanks with a partialat 17 mm.
tial effect of contaminants on spawning:water exchange. Algae, rotifers, andThere is an overall similarity, with
all metals were below detection limit,brine shrimp nauplii were added daffy,regard to problems and techniques in
except for barium (100 ppb in rearingAt this age, larvae exhibit strong prefer-rearing smelt larvae to metamorphosis,tank and 120 ppb in the water source, aence for larger prey, consuming onlywith larval culture of clupeoid fishnewly built well at hastitute of Ecology.brine shrimp nauplii. Despite the signifi-reviewed by Blax’cer and Hunter (1982).There was no evidence of any toxic effect
of barium at this concentration on adultcant feeding activity and consumption,This year, work suggests that laboratorymortality increased, most likely due toculture of delta smelt is technically feasi-broodstock, but elevated concentrationinadequate nutritional value of brineble but labor-intensive. Broodfish can beof barium are known to negatively affectshrimp nauplii. Attempts to use ar~icialraised and spawned in captivity to obtainthe fertilization success in marine inver-diets at this stage of development failed.

adequate supplies of fertilized eggs andtebrates (Dr. Gary Cherr, Bodega BayThe availablelarvaldiets are ingested, butlarvae. Normal growth, development,Marine Laboratory, personal communi-they leach rapidly in the water column,
cation), resulting in poor water quality. At about

and high survival of larvae can be main-
rained during the first 3 weeks of feeding.Hatched larvae were raised for the first4-5 weeks after hatching, larvae wereFurther rearing to metamorphosis

3 weeks in static-renewal aquaria atabout l4-15mmtaillength, haddifferen-requireA improvement, mainly in larval
water salinity 5-6 parts per thousand andtiated caudal and dorsal fins, and differ-feeding techniques. Use of new larvalhigh stocking density. The continuousentiated but not inflated swim bladders,diets with enhanced stability in waterculture and production of Nanochlorop-At 6 weeks after hatching, larval survivalmay be appropriate to pursue.sis oculata (alga) and Brachionus plica-in rearing tanks was 3040%.
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Continuous Flow Measurements Using Ultrasonic Velocity Meters: An Update
Rick Oltmann, U.S. Geological Suwey

An article in the summer 1993 NewsletterIsland (operational since 1987). The 1993flow is negative, resulting in about a 6%
described USGS work to continuouslyNezvsletter article described the instal!a-decrease ha the flow drawn west from the
monitor tidal flows in the delta usingtion or planned installation of four addi-San Joaquin.
ultrasonic velocity meters. This articletional UVM stations: Sacramento RiverThe data also show that flow percentages
updates progress since 1993, includingupstream of the Delta Cross Channel,for Old River and MiddleRiverdecreasenew installations, results of data analysis,Sacramento River downstream of Geor-by 1-3% as the export rate increases
damage during this year’s high flows, andgiana Slough, San Joaquin River at Jerseythroughout its range, indicating that the
the status of each site. Point, and Sacramento River down-percentage of San Joaquin River water
UVMs operate by sending acoustic sig-

stream of Decker Island. All except theincreases as the export rate increases.Decker Island station have been in- Installing a temporary notched, rocknals between two i~=ed transducers posi-stalled, and that station has been relo-barrier at the head of Old River resultstioned on opposite sides of a chatmel; the
acoustic path between transducers is ori-

cared upstream, at Rio Vista. Threein about a 64% reduction in flow of San
ented at about a 45-degree angle to theadditional stations have been or are beingJoaquin River water through Old River
primary direction of flow. The UVMinstalled: Threemile Slough, Dutchand Grant Line Canal; Old River flow
itself generally is placed in an instrumentSlough, and SanJoaquin River at Stock-increases to about 40%, and Middle
shelter on shore and connected to theton. Following is a discussion of theRiver flow increases to about 52%.status of all these sites except Sacramentotransducers by transmission cables thatRiver at Freeport, along with availableThis year is the only time since data
lie on the channel bottom. Acoustic sig-
nals are transmitted in both directions

data analyses, collection at these stations began (in 1987)
that net flows have been measured flow-

across the channel, and signal travel timesOld River and Middle River ing to the north-- away from the export
¯ are measured precisely. The difference in
time-of-travel for an upstream- and aUVM stations on Old River and Middlefacilities. From March 9 until June 14,

downstream-transmitted signal providesRiver are on two of the three flow paths1995, SanJoaquin River flow at Vernalis

a measure of the average velocity acrossthrough which water is drawn to thewas high (over 10,000 cfs, with a maxi-

the channel at the depth of the trans-SWP and CVP export facilities; the thirdmum of about 26,000 cfs) and the com-

ducers. This velocity measurement is anroute is from the San Joaquin Riverbined SWP/CVP export rate was fairly
low (less than 4,000 cubic feet per sec-index velocity (not mean cross-sectionalthrough Old River and Grant Lineond). Maximum northerly net flows at

velocity) and generally is referred to as aCanal. During low export periods, maxi-the Old River and Middle River UVM
"line velocity". The line velocity is con-mum tidal flow during both flood and
verted to total discharge by multiplyingebb tides generally is about 10,000 cubicsites were about 6,000 cfs on March 24,

1995.it by a coefficient and the channel cross-feet per second at both sites. Daily net
sectional area. The velocity coefficient isflow data produced by the two stations Sacramento River near
determined by calibration with meas-for 1987-1992 indicate that about 80% of Walnut Grove
ured discharges; the cross-sectional areathe combined SWP/CVP export rate is
is obtained using measured stage anddrawn from the north down Old andThe UVM station on the Sacramento
channel geometry data. Generally, theMiddle rivers, and the other 20% isRiver upstream ofthe Delta Cross Chan-
UVM is programmed to provide a timedrawn from the east from the Sannel was operational from December
series of tidal flow at a 15-minute inter-Joaquin River. 1992 until January 1995, when a rock

barge destroyed a transducer pile. Theval; these data can be tidally averaged toPercentages of flow drawn through theSacramento River station downstreamestimate daily net flow. An acoustic Dop-three paths vary depending on the exportof Georgiana Slough has been opera-pler discharge measuifing system (Simpsonrate, whether daily net flow of the San
and Oltmarm 1992) is being used to makeJoaquin River at Stockton is positive (to tional since January 1993.
fast and accurate flow measurements forthe north) or negative (to the south), andThe difference in flow records for these
use in calibrating and validating thewhether a temporary rock barrier is in-two stations provides an indirect meas-
UVMs; the system uses an acoustic Dop-stalled across Old River at the confluenceure of the flow passing through the Delta
pier current profiler. Laenen (1985) pro-with the San Joaquin River. When aCross Channel and Georgiana Slough
vides details on operation of aUVM flowtemporary barrier is not installed andwhen the cross channel gates are open
measurement station, daily net San Joaquin flow at Stockton isand the flow through Georgiana Slough
USGS has ten UVM flow monitoringpositive, about 33% of the export waterwhen the gates are closed. At the up-
stations in the delta that are either opera-is drawn down Old River, 45% is drawnstream site, tidal flows during low
tional or in some phase of repair ordown Middle River, and 22% is drawnstreamflow conditions range from ebb
installation. The oldest stations are thewest from the San Joaquin River. Howflows of about 13,000 ds to flood flows
Sacramento River at Freeport (opera-percentages for Old River and Middleof about 2,500 cfs; at the downstream
tional since 1979) and the Old River andRiver at the UVM sites increase by aboutsite, ebb flows are about 10,000 cfs and
Middle River sites adjacent to Bacon3% when daily net San Joaquin Riverflood flows are about 7,000
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F~gure 1 shows how the tidal and tidally
averaged flows vary at the two stations
on the Sacramento River near Walnut
Grove when the cross channel gates are
alternately opened and closed. When the
gates are open (days 295-301, 312-319),
minimum tidal flows for the upstream
site are ebb flows of about 4,000 cubic
feet per second. When the gates are
closed (days 302-304, 306-311), mirfi-
mum tidal flows are slight flood flows of
about 1,000 cfs. Opening and closing the
gates has the opposite effect on tidal
flows at the downstream site. When the
gates are open, flood flows are at a maxi-
mum of about 7,000 cfs, and when the
gates are closed flood flows decrease to
about 4,000 cubic feet per second.

These data suggest that when the gates
are open, flood flows moving up the
Sacramento River past the downstream ~s 300 ~os ~1 o ~1 ~ .~
site encounter less resistance from the
flow coming downriver past the upstream
site relative to when the gates are closed. Figure
Thus, when the gates are open, flows past TIDAL AND TIDALLY AVERAGED FLOWS FROM UVM STATIONS IN THE
the sites are able to come together and SACRAMENTO RIVER NEAR WALNUT ~ROVE
move through the gates into the Delta

San Joaqttin River at Jersey Point Early operational problems oJ?theJerseyCross Channel When the gates are Point system were thought to be relatedclosed, flood flow past the downstream The Jersey Point UVM station was
site carmot enter the cross channel and, installed in May ~993, but because of to the responder. To test this hypothesis,

thus, exerts resistance to the ebb flow instrumentation problems, it did not a temporary cable was laid across the

past the upstream site. This increased provide usable data until May 1994. At channel bottom connecting one

flow resistance decreases the magnkude Jersey Point, the San Joaquin River is transducer from each side of the channel

of the flood flows at the downstream part of the deep water ship channelto the and eliminating the use of the responder.

UVM site and decreases the magnitude Port
of the ebb flows at the upstream site (atby dredging -- a hazard to transducer good data from the UVM. Conversa-
times, it even causes flood flows), communication cables on the channel tions with the Corps of Engineers re-

bottom. Therefore, a system of four vealed that dredging seldom occurs at
The two tidally averaged flow plots in transducers, one standard UVM, and a this site. Therefore, an upgraded cable
Figure 1 indicate that when the Delta modified UVM called a ~responder" was was deployed on May 11, 1994, and the
Cross Charmel gates are closed, daily net first used to create an acoustic link across site was operational until a passing vessel
Sacramento River flow p~c the upstream the channel. The installation consisted of destroyed the transducer mounting piles
site decreases and daily net Sacramento two transducers on one side oJ? the chan- on AprLl 9, ~995. Replacement piles
River flow past the downstream site in- he1 connected by cable to a UVM and were driven in August, and the site
creases compared with when the gates two transducers on the opposite side of should again be operational in October.
are open. The decrease in net flow at the the channel connected by cable to a Flow data collected at Jersey Point be-
upstream site when the gates are closed responder. The UVM transmits an fore the transducer piles were destroyedresults in increased flow from the Sacra- acoustic signal across the channel, and showed that maximum tidal flow duringmento River into Sutter and Steamboat the signal is received by one of the both flood and ebb is about 150,000 cfs.sloughs o~ about 1,800 cfs. This increase, transducers connected to the responder. Analysis of the tidally averaged net flow
along with the increase in net flow at the The responder then initiates a return data demonstrates the filling and drain-downstream site by about 2,000 cfs, re- signal from the other transducer con- ing of the delta that occurs throughout
suits in an increased net flow of the Sac- nected to the responder, which is re- the spring/neap tidal cycle. Figure 2ramento River at Rio Vista by about ceived by the other transducer that is shows tidally averaged stage (top plot)
3,800 cfs. connected to the UVM. The tlme-of- and flow (bottom plot) for May 10 to
Replacement transducer mounting piles travel of the acoustic signals is measured October 26, 1994. Maximum combined
were driven at the damaged upstream site preciselyandusedasforastandardUVM Sacramento/San Joaquin inflow to the
during August, and we hope to have the installation, delta during this period was about 18,000
site operational in October. ds. The vertical lines connecting the two
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.r ! : x-- * To lessen the chance of obtaining erro-
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of the acoustic signal because of salinity
gradients within the acoustic path,

* To simplify installation and operation
~ : : of the station by making use of the
~ 71 .S ~ .... bridge structure, and

, ,- .__~. l , i ~__ ¯ To make use of a DWR compliance
: ~ �o ~ ~o ~ ~ao ~oo ~o ~4o . ~o monitoring instrument shelter and still-

a I~ o a ing well.

~ . "" "- , , ~- , r , During March 1995, installation began

~ o ~
[]

on the northwest side of the channel.
. , .... The acoustic path for the second UVM

tu ~ will be on the southeast side of the chan-
<~ nel. The pile installed for the southeast
~ -=000 -. . : .......... acoustic path was lost during the March
~ :, = i , , : 1995 high flows; a steal replacement pile

¯ 140 ISO
DAYSlBO F~OM JAN~JAaY200 ~,~0*~’i

840 ~80 in addidon to a support pile were in-
stalled during August. The two line re-

Figure 2 locities from the two UVMs will be used
TIDALLY AVERAGE0 STAGE (t0p) AND FLOW (b0tt0m) FROM to compute the flow record. Because

SAN dOAOUIN RIVER ATdERSEY POINT UVM there will be two separate UVMs oper-
ating at this site, a radio link between the

plots show that during spring tides,appears to result from high flows enter-two will be required so that one UVM
when the net elevation of the delta isingthedeltafromtheSanJoaqninRiver;will be disabled while the other is meas-
rising (lines a and c), net flows into theSan Joaquin River inflow to the deltauring velocity.
delta (negative flow; delta is filling) areduring the 60-day period never was less
largest, and during neap tides, when thethan 17,000 cfs. The national ecosystem initiative pro-
net elevation is decreasing (lines b and d), gram of the USGS funded insta]lation of
net flows out of the delta (positive flow; Sacramento River at a UVM on Dutch Slough. This UVM
delta is draining) are largest. Figure 2 also Rio Wtsta and Dutch Slough station is needed to measure a small frac-

shows that the average net flow duringInitially, a UVM installation wastion of delta, outflow. The equipment
this predominantly summer period wasplanned for the Sacramento River justshelter has been installed, and the

transducer mounting piles were drivenabout 2,000 cfs upriver, downstream of Decker Island. The planduring August. The site should be opera-was to add flow from the Decker Islandtional in November.Threemile Slough site to San Joaquin River flow at the
The Threemile Slough UVM station hasJersey Point site and to estimated flow San Joaquin River at Stockton
been operational since February 1994.through Dutch Slough to provide an
Maximum ebb and flood tidal flows areestimate of delta outflow. The acousticA UVM flow monitoring station was
about 30,000 efs. Net flow during condi-path length at the proposed Deckerinstalled on the San Joaquin River near
t.ions other than high flow is generallyIsland site was 3,000 feet, which exceedsStocktoninJuly 1995,withfundingpro-
about 1,500 cfs from the Sacramentothe capability of the UVM equipment,vided by the City of Stockton. The site
River to the San Joaquin River. TheTherefore, two complete UVM systemsis about a half-mile north of the High-
magnitude of this net flow varies withwith responders (Sacramento Shipway 4 bridge crossing nearthe city waste
the spring/neap tidalcycle, withnet flowChannel), similar to the Jersey Pointwater treatment plant. The National
being reduced as the delta drains andsystem, were initially planned for moni-Pollutant Discharge Elimination System
increased as the delta is filling. Duringthetoting flow at this site. However, oncepermit requires the city to obtain flow
high flows of March 1995, maximum netfunding was obtained for installation ofdata at the location where treated efflu-
flow was 22,300 cfs flowing from thethe Threemile Slough UVM, we decidedent is discharged into the river. This site
Sacramento River to the San Joaquinthat the Decker Island station could bewill monitor the periods and magnitude
River. For about 60 days following therelocated upstream to the Rio Vistaof net southerly San Joaqnin River flow
peak, the net flow direction through theBridge area and stillprovide the flow datadue to operation of the SWP and CVP
slough was periodically from the Sannecessary to estimate delta outflow,export facilities and consumptive use in
Joaquin River to the Sacramento River,Three reasons for moving the Deckerthe southern delta. The instrument is
withamaximumnetflowofabout2,000Island site upstream to Rio Vista were: recording line velocity and stage data,
cfs. The reversal of net flow direction but it has not yet been calibrated.
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Supplemental Flow Data                              Acknowledgments

The UVM network provides a valuableThe USGS greatly appreciates the funding provided by DWR, USBR, Contra Costa
flow database for use in calibrating andWater District, and the City of Stockton to install and operate the network of UVM
validating delta flow and transport mod-flow monitoring stations. The author acknowledges Mike Simpson, Steve GaLlan-
els. This database will be supplementedthine (no longer with the project), Rick Adorador, and Scott Posey of the USGS
with ADDMS measurements collectedfor their dedicated effort in installing, troubleshooting, and operarAag the UVM
periodically at critical flow splits to as-network. Without their efforts, these valuable flow data would not have been
sess the accuracy of flow magnitude andcollected.
phasing provided by models. An ade-
quate number of measurements can be References
made with the ADDMS to simultane-Laeaen, A. 1985. Acoustic velocity meter systems. U.S. Geological Survey Techniques of Water
ously characterize tidal variations at Resources Investigations, Book 3, Chapter A17. 38 pp.

three or four sites using one boat and aSimpson, M.R., and R.N. Oltmama. 1992. Discharge-measurement system using an acoustic
crew of two. The ADDMS is used to Doppler current profiler with applications to large rivers and estuaries. USGS Open File
make a few measurements at each of the Report 91-487. 49 pp.

three or four sites in turn. Then the
measuring cycle repeated for as long as
desired; for example, during half or a
complete tidal cycle.

Feather River Fisheries Studies
Ted Sommer and Debbie McEwan, Department of Water Resources

The lower Feather River extends frommodel, which was based on measure-ery program is being evaluated by mark-
Oroville to its confluence with the Sac-ments of spawning preferences duringing young salmon produced in the
ramento River at Verona. Fall-run andthe 6-year drought, is applicable tohatchery and in the river. The goals of
spring-rim chinook salmon spawn onhigher flows. The present study will at-this study are to determine:
two reaches of the river: the low-flowtempt to resolve this issue empiricafly by
channel from Oroville to Thermalitooperating the low-flow channel at two* Distribution of adult Feather River
A_fterbay outlet, and the lower reachdifferent flow levels during the next 4 salmon throughout the Sacramento
from Thermalito Afterbay outlet toyears. Beginning this fall, a combinationValley and the Pacific Ocean,
Honcut Creek, near the town of Liveof aerial photography and ground-based* Hatchery versus in-channel produc-
Oak. The lower reach also provides im-measurements will be used each year totion,
portant habitat for other migratory spe-determine spawning density, location,* Conditions affecting juvenile survival.
cies such as American shad, splittail,and conditions.

In 1995, a total of 550,000 fish werestriped bass, and green sturgeon. In early 1996, as part of efforts to providetagged and released in the estuary. An
Flow into the system is controlled by thecomprehensive salmon monitoring inadditional 400,000 tagged juveniles have
Oroville complex, including Orovillethe CentralValley, Water Resources willbeen released in the Feather River
Dam, Thermalito Diversion, andinstall and operate screw traps below the(200,000 fingerlings, 200,000 smolts).
Thermalito Afterbay. Recently, Waterlow-flow channel and lower reach. WeSome of the young salmon collected in
Resources has initiated several fisheriesplan to operate the traps during winterthe screw .traps will also be tagged for
studies in cooperation with Fish andand spring for at least the next 4 years tocomparison with hatchery-produced
Game. Major issues to be addressed in-provide information about the timingfish. The tagging program will continue
elude chinook salmon spawning, out-and magnitude of juvenile salmon out-at near the 1 million fish/year level
migration gravel quality, and the role ofmigration. We will also collect data onthrough 1998. Fish and Game will re-
Feather River Fish Hatchery. species such as splittail, green sturgeon,cover the tags from the ocean fishery,
Flow conditions for salmon spawningand steelheack returning adults ha hatcheries, and car-
were recently examined during develop-Feather River Fish Hatchery plays a ma-casses in the Feather River and other
ment of an instream flow model for thejot role in the management of salmonstreams.
Feather River. A key issue is whether theand steelhead in the system. The hatch-
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Critical Dissolved Oxygen Minima in Splittail
Paciencia S. Young and Joseph J. Cech, Jr., University of California, Davis

Because die splittail population had de- ~0. should be considered as extreme end-
dined dramatically and its original range points, approximating lethal limits.
has decreased by two-thirds (I-Ierbold et ~ ~ ., a~t~.t.d .t l~*e Complete loss of equilibrium in fish
a! 1992; Moyle and Yoshiyama 1992; (endpoint) indicates the detrimental ef-
Meng andMoyle 1995) we conducted the ~o � _fects of die experimental variable so the
study on "Environmental Tolerances ~ ,b ~. fish becomes physically disorganized
and Requirements of the Sacramento is ~ q, T and loses its ability to escape from die
Splittail, Pogonichthys macrolepidotus harmful conditions, leading to its deadi

~ (Becker and Genoway 1979). The Inter-(Ayres)" to assist in effective water and ,o ~ ~
habitat management and restoration of national Joint Commission (1979) and
this species. This report on die critical ~ ~ the U.S. Environmental Protection
dissolved oxygen minima (CDOMin) of Agency (!986) recommended that the
splittail is part the study, e f ................................ effects of low dissolved oxygen level on0 ~s ~o vs 10o ~ ~sc growth be studied to determine mini-
CDOMin were measured in young-of- ,r ~ r ~ ~ ~ ~ a r ~) mum dissolved oxygen criteria. EPAthe-year (1-4 g), juveniles (1948 g), and Figure ~ (1986) reported that mortality or loss of
subadults (72-187 g) using a modifiedMEAN (± $EM) 0RITIOAL DISSOLVED OXYGEN equilibrium in salmonid and salmonid-
method of Cox (1974) and Becket and MINIMA (TORR PO~) OF
Genoway (1979) defined by a loss of DIFFERENT SIZE GROUPS OF SPLITTAIL like species occurred at die ~-3 mgO2/L

level. However, based on growth studies,
equilibrium (endpoint). As dissolvedSubadults acclimated at 17 and 12 degrees Centigrade;

Syr2~. bols w!~ differgnt lettem, are the EPA established dissolved oxygenoxygen level decreased to the endpoint, signtncantly ai~erent Item eacn other;
n = ~-10 minimum levels of 9.5 mgO2/L for early

splittail increased activity (turning,
swimming, or darting around) dien de-hypoxlc benthic areas at times of lowlife stages, and 6.5 mgO2/L in other life

stages in salmonid and salmonid-like spe-
creased activity but increased ventilatoryfood availability, ties, higher than the 1976 criterion of 5.0frequency and gasping. Post-CDOMin
recovery (restoration of equilibrium) Difference in size (1-187g) had no signifi- mgO2/L.

cant effect on die CDOMin of splittailThis study was supported by die Inter-generally took <3 minutes. Meanacclimated at 17°C. However, an in-CDOMin values were low (9-18 tortcrease in temperature increased theagency Ecological Program for the
oxygen partial pressure (PO2) or 0.6-1.2
mgO2/L) for all size groups of spllttail

CDOMin. Subadult splittail acclimated
San Francisco Bay and Sacramento-
San Joaquin Delta. R. Brown facilitated

(Figure 1).
at 17°C had a significantly higherthis support. We thank S. Matern, L.(P < 0.05) mean CDOMin (16 tort PO2Hess, S. Siegfried, G. Weis, J. Morinaka,

The split-tail’s preferred habitat (slow-or 1.1 mgO2/L)dian those acclimated atL. Grimaldo, R. Baxter, H. Bailey, T.moving sections of rivers and sloughs)12°C (9 tort PO2 or 0.6 mgOffL). ThisHampson, and the Alosa and Longfin
can have very low dissolved oxygen lev-is probably because at higher tempera-Groups headed by K. Heib andJ. Arnoldels. For example, in Bucldey Cove (intheture, fish have higher oxygen consump-of DFG for assistance in splittail collec-Stockton Ship Channel part of the Santion rates than those at lowertlon. We thank P. Lutes and B. Bentley
Joaquin River), at midday at 92 cm be-temperature (reviewed by Fry 1970) and,of the UC-Davis Aquaculture and Fish-
low the surface, the dissolved oxygendius, require higher dissolved oxygencries Program for assistance in the fish
level can drop to 0.4 mgO2/L 0DWRlevels in the water. Davis (1975) ex-maintenance system; L. Grimaldo for1992). Fish generally avoid hypoxic con-plained that at higher temperatures, fishidentifying and J. Wang for confirming
ditions by moving away from diem.blood oxygen dissociation curves relat-identificationofdiesmall-sizeyoung-of-
However, when food abundance is low,ing blood percentage saturation to thethe-year; H. Zhou for statistical advice;
fish (especially benthic foragers) readilyPO2 typically shift to the right (indicat-and K. Jacobs and H. Proctor for dieforage in hypoxic waters (Rebel anding a higher oxygen requirement to fullywater quality monitoring data. We also
Nutzman 1994). Splittail are benthicsaturate the blood), increasing die PO2thankD.Shigematsu, D.Irwin, M.Thibo-
foragers (Caywood 1974; Daniels andthreshold for hypoxia responses, deau, S. Cummings, C. Porter, J. Lorenzo,
Moyle 1983), and dieir short-term lowOne must be cautioned in using theJ. Heublein, J. Khoo, G. Cech, L. Brink,
dissolved oxygen tolerance may increaseCDOMIn for establishing criteria forand P. Moberg for technical assistance.
survival by permitting foraging indissolved oxygen levels. These values
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Temperature and Salinity Tolerances of Delta Smelt
Christina Swanson and Joseph J. Cech, Jr., University of California, Davis

In 1992, we began a study of the environ- 17°C). Delta smelt may also exhibit sea- similar (5-7°C) for all three acclimation
mental tolerances and habitat require-sond preferences in salinity. Juvenilesgroups. An increase in salLrfity to 4 ppt
ments of the delta smelt, Hypornesusand subaduks are most abundant insigrfificantIy increased the delta smelt’s
trans?acificus, at that time a candidatethe brackish entrapment zone; adultstolerance to temperature increases.
species for listing ~mder the State andmove upstream to fresh water prior toCTmin was less dependent on acclkna-
Federal Endangered Species Acts. Thespawning. Therefore, we meas~ed tern-tion temperature and independent of
objective of our research was to provideperature tolerances in fish acclimated tosalinity. Fish size (or life history stage)
irfformation useful for defining deltaboth fresh (0 ppt) and brackish (4 ppt)did not affect either CTmax or CTmin.
smelt critical habitat and developingwater. These results show that delta smek are
management guidelines for the species.
In this report we describe results of our Temperature Tolerance ~,
studies on temperature and salinity toler-Temperature tolerance limits were meas- o
ances of the delta smelt and implicationsured in terms of critical thermal maxima E ~’~*

1~~of these results for management and pro-(CTmax) and minima (CTmin), a proto-
tection of this fish. col in which the fish were subjected to
Deka smelt spawn seasonally and corn-relatively rapid change in temperature
plete their life cycle in a single year; life(6°C/h increase or 5°C/h decrease). The
history stages tend to be strongly corre-tolerance limit was defined by a sublethal
lated with seasonal temperature regimes,response, loss of equilibrium, although
Therefore, we conducted our experi-in the wild such a response would prob-
ments using juvenile (<4.5 cm stand-ably be lethal, o! ~’0 1~ "~ is a0
ardlength), subadult (4.5-6.0 cm SL), andDelta smek tolerated moderate acute
adult fish (> 6.0 cm SL) acclimated tochanges in temperature (Figure 1). Fi~ur~
seasonally appropriate ranges of tem-CTmax was significantly affected by ac- MEAN (+SO) CRITICAL THERMAL
peratures that represented, for each lifeclimation temperature; fish acclimated MAXIMA (CTmax) AN[9 MINIMA (CT=~,) OF
history stage, a low and high temperatureto warmer temperatures tolerated higherDELTA SMELT ACCLIMATED TO 12, 17, and 21°C

IN 0 AND 4 PPTlevel (juveniles and subadults in summertemperatures. However, the magnitudesam~lo sizes for .each tern. pgrature/salinily combination are
and fall, 17 and 21°C; subadults andofthe tolerated temperature increase was a~0veoroel0wthep0ints.
adults in winter and spring, 12 and CTra~ in 12°C was 0nly measured in 0 ppt.
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em~erm~; they acc/hnated success-
6ally to a relative[y w[de r~e o£ Tabtel Table2
tempera~es (~2-2~ °C) ~d ge~er~y COMPARISON OF CTm~ OF CHRONIC UPPER

DELTA SMELT AND O~ER DELTA FISHES SALINI~ TOLERANCE LIMITS
~ved s~o~-te~ e~o~e ~o a~te OF DELTA SMELT
~mpera~e ~cr~es ~d d~re~ ~at Acclimation (Me~ ~ SD)
me probably greater ~ ~e fish wo~d Tempera~re OTm~
no~y enco~ter ~ ~e w~d. How-

Species (°C) (°C) Source Life Upper
Temper- Histo~ Salini~

~er, ~ some ~e~ w[t~ ~e~ r~ge, Delta smelt 12 21 Swanson & ~ (1995) ature Stage Limit
&l~ smelt may be e~osed to heat~ 17 25 (~c) SL (cm) (ppt)

21 28
effluents ~or entr~ned in power
pI~t coo~g ~em water ~ve~io~

Inland silverside 17 31 Swan~n & ~h (1995) 17 J~enile 18.7 ¯ 1.8

where tempera~es may re~ch 30°C
Chin~k salmon 16.5 26-27 Sw~s0n & Cech (1995)

3.7 ~ 0.3 (n=15)
17 Subadul~Adult 19.1 ~ 2.1Spli~ail

~. £~e, ~S, pets. co~.); o~ re~ Y0ung-0f-Year 17 31 Cech & Young (1995) 5.9 ~ 0.3 (n=14)
~y ~ ~ ~ch e~o~e wo~d 20 32-33 21 J~eni{e 19.2 ¯ ~.9
be le~ ~o deIta smelt. Fu~he~ore, Juvenile 12 21 3.7~0.4 (n=10)

17 29comp~ed to a n~ber of o~er deIt~
Subadult 12

~h~, delt~ smelt ~e more se~idve ~o 17 29
~te tempera~re ~creases. Table 1
comp~ ~e CT~ of deka smelt to
vdu~ me~ed for other fishes
~e s~e metho& ~d s~ ~es of ~er~show~t~e~- po~e~c temperate fl~do~ may

tempera~re ~ge. Sp~E~ ~d ~d
h~e ~d that their osmore~latD~ adve~ely ~d ~spropo~iona~ely ~pa~

sflve~ide tolerated subst~d~y gre~ter
capaci~ ~ ~y developed by 3 mon~ delta smelt. T~ ~e of

~cre~ ~ ~empe~e. Even c~oo~
post-hatch when the juveniles were cont~butes to ~don ~d m~e-

s~on smol~ acc~a~ed ~o a sS~dy te~ed. F~e~ore, &lta smelt ~e ~ble merit of delta smek c~ticd habi~t ~d
to to[em~ ~er s~ies th~ ~hose ~ Mproved prote~on of ~s ~eatened

lower tempera~re had ~gher QTy. w~ch they have been co~e~ed ~o ~te, ~h.

S~V Tol~ ~g that s~W is not ~e fa~or
¯ ~ ~ts ~ee &~budon to fresh ~d

C~o~c s~ toler~ce of delta smelt s~ghtly brac~sh w~ters. ~e c~o~c sa- ~ ~@ w~ ~&d by ~e C~o~
w~ me--red for juve~es, ~b~d~, ~ty toler~ces o~ de]~a smelt me~ed Dep~ent o{ ~aEer ~oEc~ (con-
~d ad~ ~ ~7°C ~d for juve~es ~ ~ ~ese ~es were s~ to those tr~ B-59~9 ~d B-58959). ~e rh~
21°G. ~ these exper~en~, ~d~ me~ed for yo~g~f-~h~ye~ ~d ~- R. M~er ~d S.I. Doroshov ~ep~-
~h were ~bje~ed to a ~dud incre~e ve~e ~ (C~h ~d Yo~g 1995). merit of ~d Sdence, UG Da~s) for~ s~v (2 ppt/12 h), ~d the tolerate ~eir help develop~g tec~qu~ for col-Or w~ deFm~ = the m~ s~- ~p~do~ for M~~t le~ion of &ka smek. ~e alsoi~ &e fish ~v~ for ~2 ho~. ~e
slow ~cre~e ~ s~V ~owed&e ~h

Moyle e~ d 0992) reposed tha~ delt~ C~o~Dep~ofF~d~e,

to physiologic~y a~p~ ~o the chang
smelt ~e app~endy e~remely se~idve p~i~ly D. Swee~, G. A~en,

osmore~ato~ dem~&; therefore ~e
to e~e con~dons, but ~he relation- ~. LeE, ~d ~e B~y/Delta boa~ crew, for

toI~ce ~t repr~en~ the m~
s~ps be~een specific en~o~en~ ~e~ ~v~u~ble cooperation ~d ~sis-

osmore~ato~ capaci~ of ~he ~h for con~do~ ~ ~e e~ ~d &]ta smelt ~ce co~e~g d~t~ smelt. P. Yo~g
~ce have ~ot bee~ we~ &~ed. ~ep~e~t of ~e, F~h, ~ Co~-

~ ~cre~e. ~e r~ of ~e ~d o~er on~o~g se~adon Biolo~, UG Da~s), a n~ber
D~ta smelt tolerated chro~c exposure ~es ~ o~ ]~bo~to~ c~ be ~ed ~o o~ undergraduate student
to s~V from 0 ppt (fresh water) to defoe how temper~re. ~d sd~V~clu~g D. SN~emasu, C. Po~er,
[9 ppt (~bout 55% sea w~ter) ~able2). m~y ~t delt~ smelt &~4budon ~dS. C~#, D. ~, M. ~bodeau,
Neitheracc~ationtemper~e([7~d how, wi~n ~he fish’s range, these ~d NSF Yo~ S&ol~, S. T~en,
21°C) nor£~hs~e~e~eds~toler- f~o~ ~e~ ~vfl, physiolo~, ~d S. ~en, ~d J. ~oo, helped wi~ ~sh
~ce. behaver. & ~ ex~ple, r~ of ~e co~e~ion, ~sh ~e, ~d &ta co~e~o~.

~ e~e~eAts show how ~o-
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Suisun Marsh Diversion Screening Program New Interagency Program’
Frank Wernette, Department ofFish and Game Home Page
Suisun Marsh entrainment studies inthat screen installations funded from anyKar!Jacobs, Department of Water Resources
1981 and 1982 identified 34 fish speciesof the above sources can proceed as rap-Looking for data? The Interagency Pro-in Montezuma Slough that were vulner-idly as possible.

gram Home Page is now on-line! Theable to entrainment into unscreened di-The SWRCB 1995 Water Quality Con-Interagency Program file server uses theversions serving managed wetlands introl Plan lists the reduction of losses ofWorld-Wide Web to provide bay/deka
the marsh. Species included chinookall life stages of fishes to unscreenedinformation to researchers. Besides pro-salmon, striped bass, and delta smelt,water diversions as a high priority action,viding field data, the file server uses the
Based on those data, the Fish and Wild-The proposed screening program is con-versatility of hypertext to provide:
life Service and Marine Fisheries Servicesistent with that level of emphasis. One
incorporated related conditions in agoal of the Water Quality Control Plan* A bibliography of current and histori-
Corps of Engineers regional mainte-is to increase transport of fish, such ascal documents (digital copies of some
nance permit for Sudsun Resource Con-delta smelt, into Suisun Bay. Screeningwill eventually be available);
servation District and the Department ofdiversions will help protect fish trans-̄ Lists of Interagency Program personnel;Fish and Game. The primary goal was toported into dais area. The screening pro-° Background on the organization andreduce entrainment of winter-run chi-gram will work synergistically with the how it is structured.nook salmon and delta smelt. The SudsunWater Quality Control Plan to begin the
Marsh Diversion Screening Programrecovery of fish populations. Major sections of the home page are still
was begun to help fulfill those permit under construction. We are adding more
conditions, which were developedSignificant efforts were already under-background information on bay/delta
through formal consultation under Sec-way through the DWR/DFG agree-biology, data summaries and analysis
t.ion 7 of the Federal Endangered Speciesment and the CVPIA to install screensresults from the monitoring programs,
Act with the Marine Fisheries Serviceto prevent entrainment of fish in theand data needed to more fully under-
and Fish and Wildlife Service. estuary, particularly chinook salmon,stand the estuary.

The screen recently installed on Fish
The screening program consists of anand Game’s Grizzly Slough intakes is anField data are organized by program ele-
extensive diversion assessment elementexample of that effort, ment; metadata are also provided. The
and a fish screen installation element, field data are in a comma-delimitered
The assessment element consists of anIn the long term, screening will assist intext format, and format files are included
evaluation to determine whether diver-recovery of winter-run chinook salmon,to provide data users with the structure
sions can be eliminated, downsized, ordelta smek, and splittail populations, as-of the text F_des. The First five fields of the
consolidated; a fyke-net study of fishsist in reducing impacts to other salmo-data fdes are: (1) RKI number, (2) station
entrainment into 15 diversions (selectednids, and may help avoid future listings.ID, (3) date, (4) time, (5) depth. Maps
annually); and a mark/recapture evalu-Screening will ensure the long-term main-showing sampled locations and general
ation using coded-wire-tagged chinooktenance of seasonal wedands in Suisuninformation are also included.
salmon. Marsh and ensure that habitat is main-

rained for a diverse assemblage of wilcilffe,Although not all our data have been
Implementation of this screening pro-including listed species such as salt marshplaced on the server, most should be
gram will also help address mitigationharvest mouse. Consistent with the eco-available by the end of November. Cur-
needs described in a DVg’R/DFG agree-system approach, the long-term viabilityrent work on the data portion includes
ment to offset impacts associated withof these important wetlands (at no seriousplacing data on the server, helping staff
the State Water Project, and meet objec-risk to fish) will ensure that habkat isformat data, developing a Wide Area
tives outlined in the State Water Resourcesavailable for waterfowl and the numerousInformation Server interface, and up-
Control Board’s May 1995 Water Qua1-other water-dependent species, grading communications to the server.
ity Control Plan for the San Fran- Work is also underway to develop tele-
cisco/Sacramento-San Joaquin EstuaryA key to the success of the program willphone modem access to the server.
and the Central Valley Project Improve-be the interagency involvement in various
merit Act to reduce impacts to anadro-phases of the program such as selectionWe want your comments. Pass your

moils and special-status fish by screeningof diversions for sampling, developmentrecommendations on to the Webmaster

unscreened diversions. Program imple-of sampling protocol, and selection ofor your representative on the new Data
mentation will also facilitate addressinghigh-priority diversions for screening. Utilization work team. Select the "Web-

master" button (mdng@water.ca.gov)mitigation needs associated with theIn October 1995, an interagency team,on the home page or call Murray Ng atTracT Fish Agreement and help guidealong with stakeholder representatives916/227-1309.screening funded through Category ~.and their biological consultants, will in-
The program, and the environmentalspect diversions in the Suisun Marsh toThe home page is accessed on the Inter-
documentation associated with it, willselect those for future sampling and tonet using World-Wide Web browsers
help expedite the permitting process sorecommend 5-10 diversions for immedi-such as Mosaic, Netscape, or Lynx. The

ate screening, address is http://wwwiep.water.ca.gov.
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Science Advisory Group Lauds Interagency Monitoring
Leo Winternitz, Department of Water Resources

As part of our efforts to adapt to chang-¯ Expand the resources allocated to datalong-term Interagency Program moni-
hag priorities, increase our efficiency, andanalysis, synthesis, and dissemination,toring.
organize our diverse data sets into for-
mats more easily accessible, the Coordi-¯ Maintain sufficient comparability ha itsIn addition, the Science Advisory Group

measurement methods that trendcommented that although many com-
nators, management group members,analysescantakeadvantageoftheentireplex ecological questions remain urn:e-
and water contractor representatives methistorical record, solved, the bay/delta ecosystem is one of
with the Science Advisory Group for 2
days of workshops on July 27 and 28.* Consider expansion of its present geo-the best understood and most compre-

The specific purpose was to review thegraphical boundaries, hensively studied estuarine ecosystems
in the United States and that this is a

Long-Term Trend Monitoring program.° Begin to consider changes necessary toresult of Interagency Program monitor-
The Science Advisory Group is corn-move toward a more community-basedhag and special studies. The advisory
posed of seven scientists representingmonitoring program, group also recognized that Interagency
agency (USGS) and academic institu-¯ Consider"ecological health" of the bay/Program data are the basis for the pub-
tions (University of Maryland, Univer-delta ha use of Interagency Programlic’s growing awareness of bay/delta
sity of California, University of Arizona,data, but be aware that substantial effortresources, that the Interagency Program
and Stanford University). At the conclu-has been expended by other programshas been critical in detecting the arrival
sion of the workshop, the Advisoryin developing such indices, generallyof exotic species and maderstanding their
Group presented a report discussing sixwith little in the way of useful results,effects on the ecosystem, and that the
recommendations for the Long-Term¯ Be aware that communication, coordi-Interagency Program is the basis for
Trend Monitorhag: nation, and collaboration will be keysenvironmental standards to protect the

to the future success arid viability ofecosystem.

For more information, contact:
Leo Whaternitz (916/227-7548;
LWintem@water.ca.gov).

The Sire Fnmcisco ~stuat3’ Insfimte (fbmaerb, the Aquatic Habitat Institute) ,’rod
Ihc I)eparmaeni of Biological Sciences/Sch(ml ~ff Science at CSU Ha)~u’d

Teacbhlg Abo Watersheds
Saturday, November 4, 1995                                      (Lectures and Workshops)

Sunday, November 5                                 ,er 11 and 12 (Field Trips)

The 20+ hands-on presentations
Getthlg to Know Your Creek ~id its { ~11eda Creek ~ae1"shed

H;ulds~m Acovities That ~ring Ole Wagershed: B4t. T~IIMp~s to ghe 13ay

Cross-Age Teaching [lsing Creeks ~ a t~d1~itOlqllg~ How ~d ~qly

Adopt :old A4onitor Izwal ~4a~11~ ~edm~d
. ,.?~/..~ .... ¯

K,’& as Ix’aders Today: C)’eath,g and Man~’fi~ ....;2~:’" A I’l~,,kmg Visa to a Sm, [~m,d,o C,’eek Rcstoraaon Site
’ ~ ~;;~k ~,. m~d. more...l~nvironnlental Prqiect.s

’ 7 @<’.’..: ::    .. ;’ ~:2):. :~~ ":’

Coni~rcncc $30, Lunch $10, Credit $35-$70, Field Trips $20-$38

Fov a regisuation tbrm or more informafon, please cN1 flae Insfmte at (510) 231-9539
San Francisco Estumy Institutc, 1325 S. 461h St., Richnaond, CA 94804-4603
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Winter-Run Chinook Salmon Captive Broodstock Program 1995 Progress Report
Nat Bingham, Pacific Coast Federation of Fi’shermen’s Associations; Kristen Arkush and Paul Siri, U.C. Davis Bodega Marine
Laboratory; and Randy Brown, Department of Water Resources

In response to critically low levels ofBodega Marine Laboratory and Stein-resulting from the !994 Bay/Delta
winter-run chinook salmon in the Sacra-hart Aquarium at the California Acad-Agreement, will provide funding in
mento River during 1991, the Winter- emy of Sciences, San Francisco; 1996. Implementing agencies are: U.S.
Run Chinook Salmon Captive Brood-̄ Raising the fish for 2-5 years (until ma-Fish and Wildlife Service, Coleman
stock Committee was initiated. Once turity); National Fish Hatchery, California
numbering more than a hundred thou-
sand spawning adults, returns had plum-¯ Returning the adult salmon to Cole-

Academy of Sciences, Steinhart Aquar-

meted to 191 fish. To help save thisman Hatchery to be spawned; BodegaiUm’ UniversitYMarine Laboratory.°f California-DaviS,in 1993,

unique and important salmon stock̄ Using the resulting gametes to increaseCongress authorized the winter-run
from possible extinction, several statethe winter-run population, captive broodstock program at a level
and federal fishery agencies joined withA genetic research and management planof $1 million annually.
commercial and recreational fishing in-was developed to: After 4 years, the broodstock program
terests, water users, and the academic has:
research communitY to develop and ira-̄ Ensure that the effective population
plement a captive broodstock program,size of the winter-run was not reduced° Rapidly established interagency/project
This coalition worked, by consensus, toby artificial propagation, and coordination;
develop its goals. ¯ Manage the Captive Broodstock Pro-̄  Built rearing facilities at Bodega Marine
The primary goal of the captive brood-gram to conserve genetic resources. Laboratory and Steinhart Aquarium
stock program is to prevent the loss ofTo achieve these goals, the committeeliterally around the juvenile salmon as
the genetic resource contained in thehadtorespondtoseveralchallenges.Onethey were being raised;
winter run genome should the wild runof the most difficult was disease control.̄  Developed long-term feeding and rear-
become extinct. A secondary goal is toIn addition to expected problems such asing strategies;
help prevent extinction by producingbacterial kidney disease, a previouslyun-¯ Developed pathogen detection meth-gametes that can be fertilized by wild fishdescribed pathogen in the winter runods and fish health management proto-gametes collected as part of the Colemantermed rosette agent -- a systemic pro-cols to improve survivorship;National Fish Hatchery winter runtist -- appeared in the 1991 broodyear.
propagation program. The goals are toInfection with this parasite resulted in̄ Provided original genetic research result-
be met by rearing winter-run chinooksubstantial mortality in the 1991 co-ing in a method using existing technol-
salmon under controlled conditions un-hort. Long-term treatment methodsogy to identify the gender of a juvenile
til they become mature adults. Maturefor these pathogens required develop-salmon and provision of genetic man-
salmon would then be used as hatcheryment of new care and feeding strategiesagement direction to the broodstock;
broodstock for continued propagationin addition to new disease detection° Provided about 30,000 salmon eggs to
of the race. methods. Coleman National Fish Hatchery.

The captive breeding program providesThe program was put under a year-longThe broodstock program is holding in
insurance against extinction and loss ofquarantine while field investigations incaptivitY:
genetic material, a source of eggs andthe Sacramento River were initiated, inBodega Marine Laboratorysperm for the Coleman winter-run1994, the rosette agent was found in wildBrood year1991 52 adult salmon
propagation program, a source to sup-fall-run chinook. This discovery lifted Brood year 1992 25 maturing salmonplement naturally the remaining spawn-the quarantine on the captive brood-Brood year 1993 249 year-2 salmon
ing salmon, a means to "buy time" untilstock gametes, and about 30,000 eggs
habitat conditions improve in the Sacra-were delivered to Coleman Hatchery inSteinhart Aquarium:
mento River, an egg and fry source for1995. Current research focuses on nutri- Brood year 1993 256 year-2 salmon
experimental studies, and a way to maxi-tion and maturation to increase fertili- Brood year 1994 619 yearling salmon
mize options ICor the recovery of thezation rates. As it approaches the half-way mark, thespecies.

Fundingforthebroodstockprogramhas10-year Winter-Run Chinook Salmon
The captive broodstock program plans tobeen provided by: U.S. Fish and WildlifeCaptive Broodstock Program has over-
assist in winter-run salmon recovery by:Service, U.S. Bureau of Reclamation,come many developmental problems,

¯ Holding up to 1,000 juvenile winter-National Marine Fisheries Service, De-has established the infrastructure neces-

run salmon propagated at Coleman
partment of Water Resources, Depart-sarytocontinueatfullproductionstatus,
ment of Fish and Game salmon, stampand can do so until the program is no

Hatchery in captivity each year; program, and the National Fish andlonger necessary. Most importantly, this
¯ Transferring those juvenile salmon to Wildlife Foundation. Category III,program will contribute to the recovery

fresh and salt water rearing facilities at of this unique salmon stock.
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