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EXECUTIVE SUMMARY 

This report discusses the effects of the Central Valley Project and State Water Project on two fish 
species, delta smelt and Saaamento splittail. Delta smelt are listed as a threatened species by 
the U.S. Fish and Wildlife Service and California Department of Fish and Game. Saaamento 
splittail are currently a candidate species for listing as threatened by the Fish and Wddlife Service 
and, hence, have been included as part of this biological assessment. Major conclusions are 
summarized here. 

The midwater trawl index, the best index of adult smelt abundance, declined in the mid-1980s, 
then generally increased through the late 1980s and early 1990s. In 1993, the midwater trawl 
index was the sixth highest in the 25 years of record. The rebound of the adult population 
occurred in spite of the relatively low juvenile tow-net indices in all but three (1986,1993,1994) 
of the last twelve years. 

Although there is a significant statistical relationship between the fall adult delta smelt 
abundance index and the February-June outflow (as represented by the number of days the 2 
ppt salinity is in Suisun Bay), outflow alone accounts for less than 25% of the variation in the 
adult smelt abundance index. The highly variable response of delta smelt to outflow suggests 
outflow may be a necessary but not sufficient condition for a high abundance index. Other 
unknown environmental factors determine whether or not that opportunity is realized. 

The number of spawners may also have a small effect on the abundance of juvenile and 
subadult delta smelt later in the year (stock recruitment). The number of spawners can account 
for less than 25% of the variability in the summer juvenile abundance index and less than 18% 
of the variability in the fall adult abundance index, indicating that environmental factors are 
extremely important in determining year-class strength. 

Abundance trends may also be influenced by water transparency, toxins, contaminants, 
predation, competition, disease and food abundance, but the relative importance of these and 
other factors cannot be determined at this time. 

Smelt entrainment at the CVP and SWP Delta intakes appears to be relatively greater in dry 
years. Based on the number of smelt salvaged at the CVP and SWP pumping plants in the 
southern Delta, more juvenile smelt appear to be lost at the plants in drier years, when lower 
outflow contributes to a greater portion of the population near the pumps. However, no 
correlation could be found between the number of smelt salvaged at the two pumping plants 
and abundance indices of smelt in summer or fall. Similarly, no relationship could be estab- 
lished between exports or the proportion of inflow diverted and salvage or abundance levels. 

Operation of the CVP and SWP using criteria established by the National Marine Fisheries 
Service in the biological opinion for winter-run Chinook salmon has a number of benefits to 
delta smelt that substantially add to those contained in Decision 1485. 



Sacramento Splittail '# 
There are serious limitations in all of the surveys that capture splittail, making it difficult to 
describe abundance trends. None of the surveys analyzed to date accurately describe adult 
abundance trends in potentially important upstream areas. 

Four abundance indices developed for diverse regions of the estuary provide no evidence that 
there has been a decline in the number of adult splittail. By contrast, the Suisun Marsh study 
showed a major decline after 1980 followed by little or no resurgence since then This finding 
suggests that the Suisun Marsh population may be regulated by other factors (or to a greater 
degree) than those in other regions. 
There is some indication that production of young splittail in the estuary was reduced in the 
late 1980s, but recent data suggest that recruitment improved substantially in recent years. The 
Fish and Wildlife Service beach seine survey, which provides the broadest coverage of the 
splittail range, shows 1993 abundance was the highest in the history of the survey. Juvenile 
abundance has not rebounded in Suisun Marsh. 

There is no evidence that entrainment loss at pumping plants has a significant negatiie effect 
on splittail abundance. Analysis of salvage data demonstrates that entrainment increases 
primarily when large numbers of splittail are present in the system. 

The recent drought appears to be the primary cause of recent lower abundance of splittail 
based on a strong correlation with delta outflow. Abundance is also wellcorrelated with the 
duration of floodplain inundation, which may provide a large amount of additional spawning, 
rearing, and foraging habitat in wet years. Except for 1993, little flooding has occurred in the 
range of splittail since 1986, perhaps contributing to a series of weaker year-classes in the 
estuary. 
Spawning is often successful in many areas in the Sacramento and San Joaquin rivers and the 
northern and central Delta in both wet and dry years. However, juvenile abundance trends in 
the lower part of the system appear to be strongly correlated with Delta outflow and with the 
duration of floodplain inundation A possible mechanism for the response to very wet years 
is that floodplain inundation greatly expands spawning, rearing, and foraging habitat and 
high outflow transports young splittail into the lower portions of the system, where they are 
vulnerable to trawls. 

Despite a correlation between the position of 2 ppt salinity and splittail abundance, the species 
does not appear to be an entrapment zone specialist. It appears that region between Suisun 
Bay and the western Delta, the historical location of the entrapment zone, may provide only 
marginal habitat for young splittail except in above normal and wet years. 

If duration of floodplain inundation is responsible for most of the variation in juvenile splittail 
abundance, project-related changes to the hydraulics of the estuary are unlikely to have a major 
effect because splittail recruitment would depend primarily on uncontrolled flows. Altema- 
tively, if outflow or salinity position are more important, the impacts of incremental changes 
in these variables from project operations should be reduced under National Marine Fisheries 
Service winter-run criteria as compared to Decision 1485. 

A number of other factors may influence splittail abundance including urban and agricultural 
pollution, exotic species, diking and draining of floodplain areas for agriculture, food abun- 
dance and recreational fishing. 
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Chapter 1 
INTRODUCTION 

As part of the formal consultation process between 
the U.S. Fish and Wddlife Service and U.S. Bureau 
of Reclamation in regard to delta smelt and Sacra- 
mento splittail, this biological assessment enum- 
erates potential effects on these two species of 
existing water transport and diversion facilities, 
specifically the Central Valley Project of the Bureau 
of Reclamation and the State Water Project of the 
California Department of Water Resources. Other 
facilities and factors impacting delta smelt and 
splittail are also described in this assessment. 

Delta smelt is listed as a threatened species under 
the Endangered Species Act of 1973. In 1994, simi- 
lar status was proposed for Saaamento splittail. 
Section 7 of the Endangered Species Act requires 
federal agencies to consult on any actions they take 
that may affect species listed as threatened or en- 
dangered. Operations of the Central Valley Project 
and State Water Project clearly have the potential 
to affect delta smelt; therefore, the Bureau of Rec- 
lamation and the F i  and Wildlife Service will 
initiate a Section 7 consultation The consultation 
will be based on the present CVP/SWP operations 
asmodifiedby reqdmnents of the ~ o n 7 c ~  
ation on winter-run Chinook salmon This assess- 
ment includes as the project baseline operations 
from 1993 and 1994 that have been changed due 
to implementation of the Central Valley Project 
Improvement Act. Additionally, proposed opera- 
tional changes are included as part of the project 
description. 

Although the primary purpose of this biological 
assessment is to fulfill requirements of the federal 
Endangered Species Act, it is also intended for 

use in any consultation relative to delta smelt and 
splittail that may be undertaken pursuant to the 
California Endangered Species Act. 

The delta smelt occurs primarily in the lower Sacra- 
mento and San Joaquin rivers, in the delta above 
their confluence, and in Suisun Bay The range of 
splittail is more extensive, with recent observa- 
tions as far north as the upper Sacramento River 
and to the Tuolumne River, a tributary of the San 
Joaquin River. During wet years, both are also 
found in San Pablo Bay. The Bay/Delta estuary 
extends from the Golden Gate, at the entrance to 
San Francisco Bay, upstream in the Sacramento and 
San Joaquin rivers to the uppermost influence of 
the tides (Figure 1). The Sacramento and San Joaquin 
rivers are the major streams in California's Central 
Valley, and this vast estuary is one of the most 
highly modified estuaries in the world (Conornos 
1979). 

This assessment describes the CVP/SWP facilities 
an& how they are operated, the biology of delta 
smelt and splittail, potential factors affecting their 
abundance and distribution, and the overall effect 
of coordinated CVP/SWP operations on these spe- 
cies. Since knowledge of factors affecting the two 
species is limited, data and current hypotheses 
examined for this report are expected to undeqo 
further assessment and revision during the con- 
sultation process. Further analyses are underway, 
and results will be documented for use in the Sec- 
tion 7 consultation. 

Appendix A is a list of some factors that could be 
investigated in the future. 





Chapter 2 

CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 
DELTA FACILITIES AND OPERATIONS 

W o  major interbasin water delivery systems - 
the State Water Roject and the federal Central 
Valley Project - divert water from the southern 
Delta. Both projects include major reservoirs north 
of the Delta, and both transport water released 
from storage to areas south and west of the Wta  
(Figure 2). 

The main purpose of the State Water Project is to 
store water and distribute it to urban and agricul- 
tural areas of need in Northern California, the San 
Francisco Bay Area, the San Joaquin Valley, and 
Southern California. Other project functions in- 
clude flood control, water w t y  maintenance, 
power generation, recreation, and fish and wildlife 
enhancement. The SWP includes 14 reservoirs; the 
North Bay and South Bay aqueducts; the California 
Aqueduct including the East, West, and Coastal 
branches; and power and pumping plants. The 
Califomia Aqueduct extends more than 600 miles 
- two-thirds the length of Califomia. It is the 
l-est state-built, multi-purpose water project in 
the country. 

The primary purpose of the federal Central Valley 
Project, as expanded by the Central Valley Project 
Improvement Act, is to provide water for irrigation 
throughout the Central Valley Other purposes in- 
clude urban water supply, water quality, flood con- 
trol, power generation, meation, and fish and 
wildlife habitat enhancement. The CVP includes 
20 reservoirs; 500 miles of canals, including the 
Delta-Mendota Canal. and other facilities. 

Some facilities have been developed for joint use by 
the CVP and SWP. These include San Luis Reser- 
voir, O'Neill Forebay, more than 100 miles of the 
California Aqueduct, and related pumping facilities 

Use of Delta m e I s  for conveying water supply 
began in 1940, with completion of Contra Costa 
Canal - the first unit of the CVP. Since initial 
operation of Shasta Dam in 1944 and the Delta- 
Mendota Canal and Delta Cross Channel in 1951 
(all CVP) and Oroville Reservoir and the California 
Aqueduct in 1968 (both SWP), water project diver- 
sions from the Delta increased steadily through 

1989, when they reached about 6 million acre-feet. 
Since 1990, diversions have been reduced by 
drought or by conditions and restrictions intended 
to avoid jeopardizing protected species. 

In this chapter describing SWP and CVP opera- 
tions, we have included discussions of actions un- 
dertaken to protect fish and wildlife m c e s  in 
general and delta smelt and Sacramento splittail in 
particular. Each section in this chapter ends with a 
brief discussion of how operations of the projects 
are adjusted to avoid and minimize impacts on fish 
and wildlife. 

State Water Project 
Facilities, Capacity, and Demand 

Banks Pumping Plant, about 12 miles northwest of 
Tracy, provides the initial lift of water from sea 
level to elevation 244 feet at the beginning of the 
Califomia Aqueduct. Water entering the aqueduct 
flows to Bethany Reservoir, from which South Bay 
Aqueduct diverts water. Most of the water contin- 
ues south by gravity to O'NeiU Forebay, whem it is 
pumped into San Luis Reservoir or conveyed to the 
San Joaquin Valley and Southern California 

An open intake channel conveys water to Harvey 0. 
Banks Delta Pumping Plant from Clifton Court 
Forebay. The forebay provides storage for off-peak 
pumping and permits regulation of flows into the 
pumping plant. 

All water arriving at Banks Pumping Plant first 
flows through the primary in* channel of the 
John E. Skinner Delta Fish Rotative Facility. F . i  
screens across the intake channel direct fish into 
bypass openings leading into the salvage facilities. 
The main purpose of the fish facility is to reduce 
the number of fish and the amount of floating 
debris conveyed to the pumps. 

Banks Pumping Plant initial facilities (seven pumps) 
were constructed in 1962 The plant was completed 
in 1992 with the addition of four pumps. Of the 
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eleven pumps, two are mted at 375 cfs capacity, five 
at 1,130 cfs, and four at 1,067 cfs. Water is pumped 
into the California Aqueduct through five dis- 
charge lines ranging from 13.5 to 15 feet in diame- 
ter. 

Most of the year, average daily diversions are lim- 
ited to 6,680 cfs, as set forth by US. Army Corps of 

Engineers criteria dated October 13,1981. Diver- 
sions may be inaeased by one-third of San Joaquin 
River flow at Vernalis during mid-December to 
mid-March if that flow exceeds 1,000 cfs. The maxi- 
mum diversion rate during this period would be 
10,300 cfs, the nominal capacity of the California 

I 
Aqueduct. Average monthly pumping rates are 
s-d in Figure 3. 

LEGEND Perrb 
.. ;. - - - State Waler Rolact ?>, 

, , , , Central Valley Project '\ 
......... Joint Uae Faciliiies 

Fgum 2 
MAJOR FEATURES OF THE CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 
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AVERAGE MONTHLY STATE WATER PROJECT PUMPING, WATER YEARS 1978 TO 1992 
From Ule DAYFLOW Datebsso 

Additional limitations on export pumping are 
imposed by Water Right Decision 1485.l The maxi- 
mum average monthly diversion rate is limited to 
3,000 cfs in May and June and 4,600 cfs in July. 
Exports can be further reduced to a mean rate of 
2,000 cfs during May and June if releases for e Yo* are exceeding natural inflow at Lake Oroville. 

and fall capacity is used to wheel 195,000 acrefeet 
of water for the CVP to replace water not pumped 
during May and June in compliance with Deci- 
sion 1485 aiteria. In December through March, 
maximum export rates are generally required to 
capture uncontrolled runoff in the Delta to fill the 
SWP share (1,062 TAF) of San Luis Reservoir. 

-- 

l x t e  water FZesources Contml Board. Water Right Decision I&. SacmmenteSan Joaquin Delta and Suisun 
Marsh August 1978. 

2 This aiterion is set forth in a letter dated January 5,1987, from the California Deparhnent of Water Resources 
to the California Department of Fish and Game. 

Exports are also restricted under the long-term 
biological opinion for winter-run Chinook salmon 
and the 1994 opinion for delta smelt. These restric- 
tions and other rrqykments of the biological opin- 
ions are discussed later in this chapter. 

In average or above-average runoff years, Banks 
Fumping Plant would typically divert near allow- 
able export rates during September and the first 
half of October to move water from Lake Oroville 
to San Luis Reservoir. A portion of late summer 

Entitlement water deliveries to SWP contractors 
are also maintained during these periods. Peak 
contractor delivery patterns during spring and 
summer are satisfied by direct diversions from the 
Delta in conjmdion with releases from San Luis 
Reservoir and SWP reservoirs in Southern Califor- 
nia. At times, unused Delta pumping capacity 
would be available to move additional water for 
direct delivery or into storage south of the Delta 
for future use. 
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Optimum operation of the two projects to ensure 
reliable water supply to south-of-Delta users 
would frequently involve pumping at capacity 
whenever water and south+f-Delta storage space 
were available and it was economically feasible to 
pump (-um energy costs). Under this sce- 
nario, however, there would be significant impacts 
to fisheries during sensitive periods. Operating 
procedures have, therefore, been modified by Cali- 
fornia water rights decisions (for example, Deci- 
sion 1485) and other export and operations 
restrictions. These restrictions contriite to avoid- 
ance and minimhation of impacts to threatened 
and endangered species. 

Water Demands 

Contracts executed in the early 1960s established 
maximum annual entitlement water amounts each 
long-term contractor may request from the State 
Water Project. These annual quantities, known as 
'Table A", reflect each contractor's projected water 
needs at the time the contracts were signed. Eve 7 September, each contractor must submit a request 
to the Department of Water Resources for water 
delivery for the next 5 years. These projections 
form the basis for SWP planning and operation 
studies in the upcoming year. In 1993, contractor 
entitlement requests were about 3.8 million acre- 
feet. Maximum entitlement deliveries for long- 
term water contractors am 4218 MAF annually 

Basically, SWP water deliveries consist of two 
categories: agricultural and munidpal/industrial. 
Water supply contracts provide for a maximum 
reduction in agricultural water deliveries of up to 
50% in any one year without reductions in M&I 
deliveries. If cutbacks dictate agricultural short- 
ages of more than 50% in one year, M&I users must 
share the amount above 50%. In addition, agricul- 
tural water deliveries may not be reduced by more 
than 100% in any seven consecutive years. Short- 
ages above this amount must be shared equally 
between agricultural and M&I contractors. 

Following are descriptions of other categories of 
water that could be pumped at Banks Pumping 
Plant in addition to Table A entitlement water. 

Make-up water is a requested amount of entitle- 
ment water the State Water Project is unable to 
deliver at a given time. Contractors may eIect 
to receive the undelivered water at other times 
during the year or in succeeding years, provid- 
ing water and delivery capability are available. 

Unscheduled water is also water in excess of 
entitlement demands but is not scheduled in 
advance for contractor delivery. It is unstored 
water available in the Delta for export, as 
opposed to being released from pqmect storage. 
Swplus water is water beyond that required to 
meet all entitlement demands and other com- 
mitments. Surplus water can be delivered to 
contractors when capacity is available. Surplus 
water may be released from storage and is 
scheduled in advance by contractors. Priority 
is given to agricultural use or ground water 
replenishment. 

Weteeather water can be credited to South Bay 
or San Joaquin Valley contractors for use in the 
future in years when above-normal water sup- 
plies locally reduce the need for SWP water. 
Regulated delivery of local supply is a term 
used when SWP facilities are used to transport 
non-SWP water for long-term contractors 
under various agreements for local water rights. 

Curryover water is a portion of a contractor's 
current year entitIement that may be deferred 
until the following year. Under DWR policy, 
carryover water cannot affect the next year's 
water delivery approvals. 
Wheeling of non-SWP water through SWP facili- 
ties is done under a variety of arrangements for 
long-term contractors and for the CVP. 

Recently~ urban water w s  have taken action to 
reduce water demand and, therefore, impacts of 
the SWP on environmental resources by instituting 
conservation programs of "best management prac- 
tices'. These programs are intended to reduce per- 
capita water use in urban areas by more than 10% 
on a permanent basis and without rationing. 

1 The requests cannot exceed a amtractor's Mle A allocations. 

6 
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Water Allocation 

Allocation of water supplies for a given year is 
based on four variables: 

Forecast water supplies based on the Sacra- 
mento River Index . 
Amount of carry-over storage in Oroville and 
San Luis mmvoirs. 

Projected requirement for end-of-year carry- 
over storage. 
SWP system delivery capab'i. 

These criteria ensure that sufficient water is carried 
over in storage to protect Delta water quality the 
next year, to meet fishery requirements, and to 
provide an emergency =serve. Beginning each 
year in December, initial allocations of entitlement 
deliveries are determined based on the four crite- 
ria. Allocations are updated monthly until May, 
and more often if storms result in a significant 
increase in the Sacramento River Index. 

Following is a chronology of the SWP water deliv- 
ery allocation process. 

December. 
Initial allocations are made, based on operation 
studies using the four crigria and an assumed 
historical 90% exceedence water supply. 

January and February. 
Allocations will not be reduced, even if water 
supply forecasts and operation studies indicate 
the initial allocation may be too high Alloca- 
tions may be increased if the water supply 
forecast (99% exceedence) and operation stud- 
ies show delivery capability to be greater than 
forecast the month before. 

.March. 
Allocations will be reduced if the supply is less 
than forecast in December. Allocations can be 
increased based on forecasted 99% exceedence 
water supplies. 

April and May. 
Allocations will not be reduced further unless 

operational storage and forecast runoff (99% 
exceedence) indicate carry-over conservation 
storage will fall below targeted minimums. 
Increases in water delivery allocations can be 
made based on improved 99% exceedence 
forecasts and supportive operational studies. 
F i i  allocations are based on the May water 
supply forecast. 

Central Valley Project 
Facilities, Ca~acitv, and Demand 

At Tracy Pumping Plant, about 5 miles north of 
Tracy, CVP water is lifted 197 feet into the Delta- 
Mendota Canal. The intake canal at this CVP 
facility includes Tracy Fish Screen, which inter- 
cepts debris and salvages fish entrained into the 
pumping plant. The earth-lined intake channel to 
Tracy Pumping Plant is 25 miles long. 

Tracy Pumping Plant consists of six pumps, one 
rated at 800 cfs, two rated at 850 cfs, and three at 
950 cfs. Water is pumped through three 15-foot- 
diameter discharge pipes and carried about 1 mile 
to Delta-Mendota Canal. Average monthly pump- 
ing rates are shown in Figure 4. 

Tracy Pumping Plant flows can range from less 
than 1,000 cfs to almost 5,000 cfs. Maximum sus- 
tained rate is about 4,600 cfs, the nominal capacity 
of the first 13.7 miles of Delta-Mendota CanaL 
Typical pum ing rates are between4,OOO and 4,600 
cfs except w l! en restrictions are imposed by water 
right or endangered species requirements. Regula- 
tory recphments limit pumping rates to avoid 
en trainment of juvenile fish or species and life 
stages of special concern For example, Decision 
1485 restricts pumping rates to 3,000 cfs during 
critical striped bass spawning periods in May and 
June. Pumping is also restricted when threatened 
winter-run salmon and delta smelt are exposed tc 
facility diversions. 

TO meet water contractor demands, Tracy Pump- I 
ing Plant is usually operated at or near maximum 
capacity. Except during the peak irrigation season, 

I 

1 The Sacramento River Index is the sum of measured mff at four locations: Sacramento River near Red Bluff, 
Fealher River inflow to Lake OmviUe, Yuba River at Smartville, and American River inflow to Folsom Lake. 

I 
2 Exceedence refers to the probability that a particular value will exceed a specified magnitude; for example, 

90% exceedence means the water supply will be exceeded 90% of the time. 
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Figure 4 
AVERAGE MONTHLY CENTRAL VALLEY PROJECT PUMPING, WATER YEARS 1978 TO 1992 

From the DAYFLOW Databas0 

pumping may be limited by conveyance capacity 
of Delta-Mendota Canal, or the re-lift capability 
(4,200 cfs) of O'Neill Pump/Generating Plant. 

About half the CVP water supply is delivered to 
the San Joaquin Valley through the Delta-Mendota 
Canal and the San Luis Unit, but essentially all the 
water originates north of the Delta. To provide the 
water to contractors in the SanJoaquinVde~ three 
things must be considered: 

Requirements of water senrice contractors and 
exchange contractors. 

Plans for filling and drawing down San Luis 
Reservoir. 
Plan for coordinating Delta pumping and San 
Luis Reservoir use. 

Operators also incorporate Delta-Mendota and 
San Luis operations into plans for operating CVP 
facilities in and north of the Delta. 

Water Demands 

Estimated 1995-level demands for the CVP are 
about 3.5 MAF for the Delta export service areas 
and 3.1 MAP for the Saaamento Basin (including 
the American Basin). Table 1 gives a breakdown of 
these demands. The Bureau of Reclamation has 
water right settlement contracts totaling about 
22  MAF on the Saaamento River. San Joaquin 
River Exchange contracts, plus water right settle- 
ment contracts on the San Joaquin River that total 

TaMe 1 
ANNUAL CVP 1995LEVEL DEMANDS, BY USE 
(In M l l h  AaeFW TOW Do Nd Aqree Duo to Ramdtng) 

Water Rojecl 
Rights Agicuiture MBI Refuge Losses Total 

Deb 0.9 20 0.3 0 2  02  3.5 
saaamnto 
Basin 22 0.5 0.3 0.1 - 3.1 
Total 3.1 25 0.6 0.3 02  6.6 
W ~ W , a n d ~ a r o s u b j e d t o ~ 2 5 % r e d u d b n h C V P O C A P .  

< 
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about 0.88 MAF. These annual contract amounts 
must be supplied in full unless the forecasted 
Shasta inflow constitutes a critical water year as 
described in the terms of these contracts. When 
Shasta inflow is critical, San Joaquin Exchange con- 
tractors' supplies may be limited to 650,000 acre- 
feet. Sacramento River and other San Joaquin 
water right supplies may be reduced by 25%. 

The other major components of CVP water de- 
mands are: refuge water supplies, municipal and 
industrial water supplies, and agricultural water 
service contracts. Also, the CVPIA requires the 
Bureau of Reclamation to annually manage 600- 
800 TAP of CVP yield for fish, wildlife, and habitat 
restoration in different water year types. Water 
allocation policy for M&I contracts and legislative 
requirements of CVPIA for refuge water deliveries 
provide a level of annual supply with no greater 
than 25% reductions. Agricultural water service 
contracts have no such limits on reductions. Be- 
cause of the limitations on reductions in all other 
components of CVP water demands, agricultural 
water service contracts are vulnerable to any re- 
ductions in supply that cannot be apportioned to 
Refuge, M&I, or Water Right settlement contracts. 
Under existing CVP operations criteria, and given 
the estimated 1995 level of demands, agricultural 
water service contracts south of the Delta may 
seldom receive 100% of their contract supplies. In 
each of the last 5 years, CVP water deliveries have 
been limited because of insufficient supply lack of 
conveyance capacity, or operational conshints on 
Delta pumping resulting from either endangered 
species protection (as in 1992,1993,1994) or imple- 
mentation of CVPIA actions using a portion of the 
CVP yield (as in 1993). 

To operate the CVP efficient13 entitlements of all 
types of water contractors must be combined with 
the pattern of requests for water. Schedules of 
water deliveries throughout the CVP must be c e  
ordinated with reservo* operations, release capa- 
bility, and streamflow requirements from the 
northern CVP reservoirs and then with the capa- 
bility to divert the water in the Delta and the pat- 
tern of fill and drawdown of San Luis reservoir. 

Hardshiv Water 

contractors as an augmentation to theiu supply to 
minimally sustain permanent crops (trees and 
vines). For M&I contractors, hardship water has 
been allocated to help meet limited demands that 
cannot reasonably be met from other somes. 

Critical Needs Water 

'Critical Needs" water was allocated in 1994 to 
both agricultural and M&I contractors north and 
south of the Delta. First, requests for critical needs 
water were solicited and screened. To be eligible, 
contractors had to have a current, approved water 
consmation plan on file with the Bureau of Recla- 
mation. The total amount of critical needs water 
allocated was determined as an amount that could 
be made available within the context of forecasted 
CVP operations for the remainder of water year 
1994. It was, in effect, a partial redistribution of 
water that had been withdrawn from water right 
settlement allocations when it was determined in 
May that 1994 would be a critical Shasta idlow 
year. A total of about 150,000 acre-feet was appor- 
tioned among those contractors whose critical 
needs requests were validated. Over 800,000 acre- 
feet was requested. 

Water Allocation 

Inmost years the combination of carryover storage 
and runoff into CVP reservoirs is sufficient to pro- 
vide the water supply to meet contractors' de- 
mands. Since 1992, new constraints placed on 
operations by legislative and ESA quirements 
have removed some of the capability and opera- 
tions flexibility required to actually deliver the 
water to the contractors. Water allocations south of 
the Delta have been most affected by changes in 
operations ensuing from passage of the CVPIAand 
the biological opinions covering protection of win- 
ter-run Chinook salmon and delta smelt. 

The CVP water allocation processbegins in the fall, 
when preliminary assessments are made of the 
next year's water supply possibilities given stor- 
age conditions and a range of hydrologic condi- 
tions. These p r e l i m i i  assessments may be 
refined as the water year progresses. Beginning 
February 1, runoff forecasts are prepared using 
precipitation to date, snow watercontent accumu- 
lation, and runoff to date. All CVP Sacramento 
River water right contracts and San Joaquin 

"'Hardship"water supplies were delivered to some 
CVP contractors in 1990 and 1991. Hardship water 
has been allocated to agricultural water service 
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Exchange contracts require that contractors be in- 
formed no later than February 15 of any possible 
deficiency in their supplies. In recent years, Febru- 
ary 15 has been the target date for the first 
announcement of all CVP contractors' forecasted 
water allocations for the upcoming contract year. 

The NMFS biological opinion qui res  the Bureau 
of Reclamation to use a conservative (at least 90% 
probability of exceedance) forecast as the basis of 
water allocations. Furhemore, NMNMFS lreviews the 
operations plans devised to support the initial 
water allocation (and any subsequent updates to 
them) for sufficiency with respect to thecriteria for 
Sacramento River temperature control. 

Runoff forecasts and operations plans are updated 
at least monthly between February and May. Water 
allocations may or may not change as the year 
unfolds. Because a conservative runoff fo-t is 
used, forecasted water supply will likely incmse 
as the year progresses. Although this may result in 
increased allocations, it also means that howl- 
edge of the final allocation may be delayed until 
April, May, or June. This adds to the uncertainty 
facing agricultural contractors, who need reliable 
foreasts of available supply as early as possible to 
assist in decision-making for farm management. 

Camjmer Storage 

Providing the water needed for all the CVP's bene- 
ficial uses requires a strategy that recognizes two 
competing requirements: 

The need to retain sufficient carryover storage 
to reduce risks of future shortages and to en- 
sure sufficient temperature control capability. 

The need to draw from storage in a given year 
to provide sufficient water delivery to avert 
health, safety, economic, and environmental 
hardship. 

Since implementation of the NMFS biological 
opinion in 1993, CVP carryover storage is primar- 
ily an outcome of the annual balancing of the re- 
quirements to manage storage and releases to 
provide for upper Sacramento River temperature 
control, with the use of CVP storage, diversion, 
and conveyance facilities to make water available 
for other beneficial uses, including instream flows, 

water quality control, water delivery, and CVPlA 
PurpWS 

Individual CVP reservoirs must be operated to 
provide reasonable assurance that minimum stor- 
age, instream flows, diversion pools, and hydro- 
electric power pools can be sustained. These 
elements are also considered in detemumn . . g water 
allocations. The CVPIA has required additional 
consideration by providing water for anadromous 
fish restoration and for providing fish and wildlife 
habitat. 

Storage tqe ts  and & objectives are re-evalu- 
ated annually for Folsom Lake because of its high 
probability of refill and relatively small amount of 
usable conservation storage. Because of low refill 
probability at Clair Engle and New Melones reser- 
voirs, long-term capabilities are moE of a concern. 
For New Melones, water supply may already be 
over-allocated, so sustainable yield is a concern 
For Clair Engle, releases in the merit year to help 
meet water delivery, energy, and temperature con- 
trol objectives must be balanced against retention 
of storage for use next year and beyond. Shasta's 
carryover is now mostly a byproduct of tempera- 
ture control requirements on the upper Sacra- 
mento River, although use of Trinity Basin 
diversions can also affect Shasta carryover. 

Even in above-normal runoff years, it may no 
longer be possible to meet all competing needs for 
CVP water, especially south of the Delta. However, 
if sufficient carryover storage is available, CVP 
water allocations may be met partly with with- 
drawals from reservoir storage, evenin drier years. 
All beneficial uses of CVP water a~ adversely 
affected during prolonged droughts. Both environ- 
mental and economic systems are stressed by the 
cumulative impacts of dry conditions to a point 
where tolerance of continued drought is signifi- 
cantly weakened. When CVP storage is withdrawn 
ta combat the effect,t1 of drought, the subsequent . . .  loss of carryover storage dmmshes the capability 
of the system to mitigate the f u h m  impacts of a 
continuing drought. 

Priorities and CatePories 

The water allocation process must consider vari- 
ous categories of CVP water demands and contrac- 
tual amounts and deficiency criteria associated with 
each. These water demands can be categorized as: . 
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Water rights settlement agreements 
Municipal and industrial water service con- 
tracts 

• Legislative mandates 
Agricultural water service contracts 
Delivery losses 

Water rights settlement contracts and water service 
contracts are readily documented, consisting of 
agIeements and contracts with specific terms and 
conditions. These terms and conditions may in- 
clude deficiency provisions, tent~ for payment of 
water, repayment of capital obligations, etc. These 
terms and conditions vary depending on whether 
a contract is of a water rights, agricultural water 
service, or municipal and industrial type. 

Legislative mandates are exemplified by PL 102- 
575, which specified increased levels of supply and 
maximum deficiencies for wildlife refuges and 
management areas. 

Delivery losses are included as a category of de- 
mand, because such losses occur with the delivery 
of water and are in addition to contractual or other 
obligations. 

The allocation of CVP water supplies can be por- 
trayed as a two-tiered hierarchy, where all the cate- 
gories of water demand fall into one of two 
"groups": croup I and Group 11. Under this alloca- 
tion system, Group I water demands must be met 
first. 

Group I includes all demand categories with spe- 
ci6cally defined minimum supplies. These include: 

Sacramento River water rights and San Joaquin 
Exchange contracts, with associated minimum 
rates of delivery in critical Shasta inflow years. 

Group I obligations have been met. Further, the 
supplies available to Group I1 are then appor- 
tioned based on contract entitlements, which con- 
tain no minimum delivery provisions. Group I1 
south-of-Delta water contracts amount to about 2 
million acre-feet. Because of increases in certain 
Group I requirements over time (M&I and refuge 
water) and loss of some pumping opportunity due 
to recent changes in operations criteria, the poten- 
tial for deficiencies to Group I1 exists every year. 

San Luis Reservoir and 
O'Neill Forebay 

There are two ways to move water from the Delta 
to San Luis Reservoir. One is Tracy Pumping Plant, 
which pumps water into the Delta-Mendota Canal. 
The other is Banks Pumping Plant, which pumps 
water into the California Aqueduct. Operations of 
the CVP and SWP must be closely coordinated to 
avoid inefficient situations, such as one project 
pumping water into the reservoir at the same time 
the other is releasing water. 

San Luis Reservoir is usually filled during winter 
and early spring to ensure that contractual obliga- 
tions can be met through summer. Surplus, uncon- 
trolled water in the Delta is pumped into the 
California Aqueduct and Delta-Mendota Canal 
and flows by gravity to O'Neill Forebay. Here part 
of the water is pumped into San Luis Reservoir and 
the rest continues south to the San Joaquin Valley 
and Southern California. Beginnhg in May and 
continuing through summer, irrigation and urban 
requirements are substantially larger than the 
allowable Delta pumping, so water is released 
from San Luis Reservoir to satisfy requests from 
downstream water contractors. 

Refuge water suppues, which must be pro- 
vided a of 75% su~~'es as pre- 
scribed in CVPIA. 

Since Sari Luis Reservoir has little naRval inflow, 
water must stored when the two Delta *urnping 
plants can export more water than is needed for 

M k I  water supplies, which are! assumed to be 
sustained at 75% of maximum historical use, 
adjusted for mowth. 

 ont traded deliveries. Because the amount of water 
that can be exported from the Delta is limited, the 
fill and drawdown cycle of San Luis Reservoir is 

w 

Conveyance, evaporation, and other such 1- 
incidental to the delivery of contractual sup- 

an extremely import&  art of both CVP and SWP 
opmations. 

plies. 

Group I1 includes all other agricultural water serv- 
ice contracts, and allocations are made only after 

A typical cycle starts withminimum reservoir stor- 
age at the end of August. Irrigationneeds decrease 
inSeptember, but the opportunity to beginremg 
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the reservoir depends on available water in the 
Delta and adequate capability at the pumping 
plants. CVP pumping continues at maximum until 
the end of April unless San Luis Reservoir is filled 
or the water is not available. In May and June, 
Decision 1485 standards limit export pumping, 
and irrigation needs begin to increase, so San Luis 
Reservoir storage begins to decline. In July and 
August, CVP pumping is again at maximum, plus 
up to 195,000 acre-feet of CVP water can be 
exported at Banks Pumping Plant to replace water 
that could not be pumped at Tracy during the 
May/ June pumping restriction Irrigation demands 
are still high during this period, and San Luis 
storage continues to decline until late August, 
when the cycle begins anew. 

Rgure 5 
STATE WATER PROJECT AND CENTRAL VALLEY PROJECT JOINT FACILITIES AT 

SAN LUIS RESERVOIR AND O'NEILL FOREBAY 

It is important to coordinate scheduling of San Luis 
Reservoir operations between the two projects. 
When the SWP pumps water required by Decision 
1485 for the CVP, it may be of little consequence to 
SWP operations but critical to CVP operations. The 
amount of water in San Luis Rese~voir may make 
it possible to "exchange" space or water to aid the 
operations of either project. Also, close coordina- 
tion is required to ensure that water pumped into 
O'NeiU Forebay by the two projects does not ex- 
ceed the CVP's capability to pump into San Luis 
Reservoir orintoSanLuis Canalat theDos Arnigos 
Pumping Plant (Figure 5). 

Coordinated operations are one method of ensur- 
ing that demands can be met while minimizing 
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environmental impacts. This approach to opera- 
tions allows the facility with the lowest impact to 
provide water to San Luis Reservoir for later deliv- 
ery to water users. 

John E. Skinner 
Fish Protective Facility 

secondary via another bypass, the scneened fish 
enter holding tanks, where they are kept until they 
are trucked into the Delta and released The release 
sites, Horseshoe Bend and Curtis Landing, are far 
enough from the pumps to reduce the chance of 
salvaged fish returning to the pumping plants. 
Releases are alternated between the two sites to 
reduce predation N o  CVP release sites are also 
available in emergencies. 

INTAKE CHANNEL 

John E Skinner Delta Fish Protective Facility began 
operating in 1968, using the same basic louver 
design as used at the CVP fish salvage facility. The 
louver system resembles venetian blinds and acts 
as a behavioral barrier. The slots are wide enough 
for fish to enter, but, at the correct water velocities, 
fish encountering the screens sense the turbulence 
and move along the screen face to the bypass. 

Screens at Skinner Fish Facility separate fish from 
water diverted to Banks Pumping Plant through 
Clifton Court Forebay. The system consists of a 
series of primary V-shaped bays with louver fish 
saeens that guide fish to a bypass at the apex of the 
''V" (Figure 6). Fish entering the bypass move via 
buried pipeline to a secondary screening system, 
where they are further concentrated. Exiting the 

Fgure 6 
SCHEMATIC DIAGRAM OF M E  JOHN E. SKINNER FISH PROTECTIVE FACILITY 

In 1993, the State modified one of the fish hauling 
trucks so that fish could be released at boat ramps 
or docks or off the levee. The truck was modified 
to carry a portable water pump and four 10-foot 
sections of 10-inchdiameter flexible hose that can 
be attached to the release valve on the truck. The 
hose acts as a conduit for fish and allows the truck 
to reach the water from most road-accessible loca- 
tions around the Delta. This tank truck feature 
allows releases at sites in addition to the perma- 
nent release facilities. 

In the early 1980s, Water Resources installed center 
walls in the primary bays at Skinner Fish Facility 
to improve striped bass screening efficiency; 
opened new bays; built a new, perforated-plate 
screened secondary; and rescreened the holding 



Chapter 2 Central Valley Project and State Water Project 

tanks to help minimize fish losses. The new secon- I Clifton Court Forebav 

I dary is a pdsitive-barrier screen, in that the d- Gate Operations 
# 

diameter perforations prevent most fish greater 

Fgure 7 
CLIFTON COURT FOREBAY 

than 20 m h  TL from pk ing  through the -ken. 
This screen type is not designed to reduce entrain- 
ment of eggs or larvae. 

In 1992, Water Resources completed three more 
holding tanks, which improve efficiency 
for some species by allowing more efficient use of 
both secondary systems. In addition, the four new 
pumps at Banks Pumping Plant, in combination 
with the new holding tanks, allow better velocity 
control and hmeased salvage efficiency. The in- 
creased efficiency d t s  from the capability to 
optimize water velocities for these species at any 
given pumping rate and from using both secon- 
daries to ensure that flows through the holding 
tanks do not exceed fish protective criteria. 

Fish salvaged at Skinner Fish Facility are subsam- 
pled periodically to obtain information on species 
composition, numbers, and lengths. Since opera- 
tion began in 1968, the number and species com- 
position of fish salvaged has been estimated by 
subsampling the fish entering the holding tanks. In 
1992, the Department of Fish and Game took over 
the fish salvage and sampling operation under a 

Clifton Court Forebay is a 31,000-acre-foot regu- 
lating reservoir at the intake to the California 
Aqueduct (Figure 7). Inflows to the forebay are 
controlled by radial gates and are generally oper- 
ated during high tide to reduce approachvelocities 
and prevent scour in adjacent channels. The fore- 
bay is operated to minimize water level fluctuation 
in the intake by taking water in through the gates 
at high tide and closing the gates at low tide. When 
the gates axe open at high tide, inflow can be as 
high as 15,000 cfs for a short time, decreasing as 
water levels inside and outside the forebay reach 
equilibrium. This flow corresponds to a velocity of 
about 2 feet per second in the primary intake chan- 
neL Figure 8 shows operation patterns of the radial 
gates. The schedule may vary from actual opera- 
tions, depending on pumping restrictions for win- 
ter-run Chinook or delta smelt. Figure 9 shows 
predicted water surface elevations for a number of 
sites in the regions based on simulated operations. 

Starting in May 1994, gate operation patterns were 
prioritized (as follows) to minimize entrainment of 
delta smelt into the fo~bay. 

contract with Water Resources. Fish and Game 
maintains the salvage data and reports monthly 
salvage estimates. 

In the early 19709, Water Resources and Fish and 
Game conducted an extensive evaluation of Skin- 
ner Fish Facility and have subsequently evaluated 
specific features such as trucking and handling 
losses, predation losses in Clifton Court Forebay, 
and losses in the holding tanks. Studies have gen- 
erally been confined to a relatively few species, 
including fall-run Chinook salmon, striped bass, 
and American shad. Specific studies have not been 
conducted for delta smelt or splittail. However, 
recent experience of Fish and Game and the Uni- 
versity of California, Davis, in handling and haul- 
ing delta smelt caught in the estuary indicates that . 
species probably experiences high delayed mortal- 
ity due to stress during handling and trucking. 

Following are descriptions of eachmajor feature of 
the SWP fish salvage system in the southern Delta, 
with special reference to delta smelt and splittaiL 
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Priority 1 
Intake gates open 1 hour after low-high tide, close 1 hour 
before high-low tlde, open 1 hour after high-high tlde, and 
close 2 hours before low-low tide (Figure 8, schedule D). 

Prior@ 2 
Intake gates open 1 hour after low-low tide, close 1 hour 
before high-low tide, open 1 hour before highhigh tide, and 
close 2 hours before low-low tide (Figure 8, schedule 8). 
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Figure 8 
OPERAION PATTERNS OF 

CUFTON COURT FOREBAY RADIAL GATES 

Priority 3 
Intake gates open 1 hour after low-low tide, close 2 hours 
after high-low tide, reopen 1 hour before high-high tide, and 

I 
close 2 hours before low-low tide (Figure 8, schedule A). 

I 
I 

Priority 1 gate operation schedule was used as 
much as possible to reduce impacts to delta smelt 
and the southern DeIta. If it appears that scheduled 
forebay inflow or Banks pumping cannot be met 
with priority 1 operation, then priority 2 is used; 
priority 3 is used in e x m e  cases. 

Evaluations of juvenile salmon and striped bass 
survival across the forebay indicate predation in 
Clifton Court Forebay may be a significant source 
of juvenile fish mortality. In a series of Fish and 
Game studies, losses of marked fall-run hatchery 
salmon crossing the forebay were significant. Pre- 
screen loss studies in 1976 to 1992 produced esti- 
mates of juvenile salmon mortality ranging from 
68 to 99%. Losses were assumed to be largely due 
to striped bass predation, since the population of 
subadult striped bass in the forebay has been esti- 
mated to range between 35,000 and 945,000 (7'. 
T i  DFG, pers comm; Kano 1990a). Fish and 
Game is using a juvenile salmon loss rate of 75% to 
calculate Chinook salmon losses at the SWP intake. 
No predation loss estimates have been established 
for either delta smelt or splittail. 

Water Resources and Fish and Game are proposing 
an experimental predator removal program for 
199495 in Clifton Court Forebay. The project will 
evaluate the effects of removing at least 75% of 
predator-size striped bass on prescreen survival of 
salmon and other juvenile fish entering the fore- 
bay. The experiment will address questions about 
the level of predation, &tment of predators, l 
and the amount of effort required to reduce preda- I 
tion in the forebay. 

Given the relative success of salvage operations for 
salmonids, a reduction in predation aaoss Clifton 
Court Forebay would help to minimhe loss of 
winter-run Chinook and other salmon. Minimiz- 
ing losses of delta smelt will require both a reduc- 
tion in predation losses and improved survival of 
fish salvaged at the pumps and reintroduced to the 
westemand central Delta. Efforts to achieve higher 
survival rates for salvaged fish are discussed in 
later sections. 
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Primary and Secondary Louvers 

Salvage effichcies for salmon, striped bass, and 
American shad at Skinner Fish Facility were evalu- 
ated in 1974. The following equations for com- 
bined efficiency of primary and secondary louver 
screens for the species of in-t were derived as 
a m d t .  

maba Efficiencv 
FalGRun Chinook Salmon 

1-1 00 0.630 + (0.0494 x Approach Velocity) 
100 0.568 + (0.0579 x Approach Velocity) 

Striped Bass 
21-30 0.935 - (0.149 x Approach Velocity) 
31-40 0.806 - (0.0431 x Approach Velocity) 
A 1  0.945 - (0.071 7 x Approach Velocity) 

American Shad 
1-50 (45.8) - (0.0539)(~ength*) + (5,43)(Length) 
>51 0.71 

Screen effiaency is a function of fish length and 
channel (sweeping) velocity. Decision 1485 speci- 
fies the following velocities in both the primary 
and secondary channels 

3.5 feet per second from November 1 through 
May 14 for Chinook salmon 
1.0 foot per second from May 15 through Octo- 
ber 31 for striped bass. 

Channel velocity criteria are also a function of 
bypass ratios through the facility. Decision 1485 
requires the following bypass ratios for salmon 
and striped bass. 

For salmon: 

,, Maintain 121.0 to 1.6:l.O bypass ratio in both primary 
and secondary channels. 

For striped bass 

,, Maintain 1.21.0 bypass ratio when operating Bay A only. 
,, Maintain 1.21.0 bypass ratio when operating Bay B only. 

Maintain 1.5:l.O bypass ratio when operating both primary 
bays and when channel velocities are less than 2 5  fps. 

,, Maintain 1.21.0 bypass ratio in the secondary channel for 
all approach velocities. 

How delta smelt and splittail read to.thesevelocities 
or whether any of the criteria are appropriate for 
juvenile or adult smelt and splittail is not known 

The new secondary is a perforated-plate positive- 
barrier screen with 5/32-inch holes. The screenwill 
exclude 100% of juvenile fish longer than about 20 
mm. W1th appropriate channel (sweeping) and 
screen approach velocities, screening efficiency 
could also be this high for juvenile or adult delta 
smelt and splittail, depending on size and swim- 
ming ability. Efforts are now directed at determin- 
ing approach velocities for delta smelt from the 
swimming stamina studies and scmn mesh size 
from morphometric measumnents. 

The Interagency Program's delta smelt work 
group is developing rec~m~endations for screen 
criteria based on morphological and environ- 
mental tolerance tests and swimming stamina 
studies. The University of California, Davis, is un- 
der contract to Watelr Resources to study delta 
smelt swimming stamina, behavior, and environ- 
mental tolerance. This information will help estab- 
lish screening requirements and flow velocity 
limits. Similar studies are being considered for 
splittail. 

Striped bass and other predators can accumulate 
in the primary and secondary channels and prey 
on smaller fish moving through the salvage facili- 
ties. There are no reliable estimates of delta smelt 
losses to predation in this part of the system, but 
the potential for predation exists. The secondary 
channels are dewatered weekly during winter-run 
salmon periods and every other week through the 
year to reduce predator accumulation 

In June 1990, the secondary scxeenhg channels 
were drained to collect fish that had not entered 
the bypass and holding tanks. A total of 494 fish, 
representing 18 species, w e  salvaged, including. 

Prickly sculpin 258 
Striped bass 99 
Chinook salmon 27 
Americanshad 24 
White catfish 11 
Delta smelt 2 
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CLIFTON COURT FOREBAY GENERAL GATE OPERATION SCHEDULE 

Facilities and Operations Chapter 

GATE OPERATlON TIMING 
OPEN 1 HOUR BEFORE HIGHHIGH TIDE 
CLOSE 2 HOURS BEFORE LOW-LOW TIDE 
OPEN 1 HOUR AFTER LOW-LOW TIDE 
CLOSE 1 HOUR BEFORE HIGH-LOW TIDE 

TIDES AT FOREBAY INTAKE LOCATlONS WITHOUT SWP EXPORTS 

1 -Middle R at Woodward Canal -. - -- 4-Middle R at Victoria Cut 

- -2-Old R at Woodward Canal ..... 501d R at Victoria Cut 

- - -3916 R at Highway 4 - - - 6 4 d  R @ West Canal (existing intake) 

GATE OPERATION SCHEDULE 

MODEL IN HOURS 
LOCATION NODE OPEN CLOSE OPEN CLOSE . 

1 117 5.00 12.25 15.25 24.25 
2 82 5.00 12.25 15.25 24.25 

. 3  79 5.25 12.50 15.50 24.50 
4 113 5.50 12.50 15.50 24 .50 
5 75 5.75 12.75 15.75 24.75 
6 72 6.00 13.00 16.00 25.00 

Figure 0 
WATER SURFACE ELEVATIONS FOR A SIMULATED 
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The Deparhnent of Water Resources has evaluated 
secondary bypass flows to assess bypass effiaen- 
cies under various operation criteria. Velocities 
into the bypass under existing striped bass flow 
criteria are not optimal to transport larger, strong- 
swimming fish through the bypass into the hold- 
ing tanks. Designs are being reviewed to test 
modifications of the bypass entrance to increase 
velocities from the secondary d\annel into the by- 
pass. With these modifications, bypass.efficiencies 
should increase significantly for larger, stronger 
predators such as striped bass and white catfish 
The inaeased bypass efficiency should, therefore, 
reduce predation losses in the secondaries for all 
species of fish 

Holding Tanks 

Decision 1485 specifies 10 cfs maximum flow 
through the six holding tanks. Due to flow imbal- 
ances, this criterion is met by average flows of 10 
cfs for all tanks combined. 

Anumber of factors influence short-term and long- 
term survival of fish in the holding tanks, includ- 
ing but not limited to: 

Predators. 
Stress related to extended periods of forced 
swimming against holding tank currents (a 
function of tank water levels). 

Salvage and handling. 
Water quality and temperature. 

The holding tanks were rescreened in the mid- 
19809 to assure containment of fish diverted into 
the tanks. Fish are collected from the holding tanks 
into a crane-supported transfer bucket and moved 
to a tanker truck for hauling to the release sites. 

In 1984 and 1985, tests were conducted to deter- 
mine mortality associated with handling and truck- 
ing fish salvaged at Skinner FA Facility (Raquel 
1989). Six species were studied: Chinook salmon, 
striped bass, American shad, steelhead trout, 
threadfin shad, and white catfish Mortality varied 
widely, depending on species, size of fish, and 
water temperature. Holding tank temperature and 

dissolved oxygen were the parameters most often 
significantly correlated with handling mortality. 
Holding tank flow, dissolved oxygen, and holding 

I ' 
tank and trucking water temperature were most 
often significantly comlated with trucking mor- 

In 1994, the Bureau of Reclamation will evaluate 
the relationship between holding time and mortal- 
ity rate for several fish species at Tracy F i  Facility. 
Water Resources will study those results for appli- 
ability to SWP operations. 

Counting and Measurine I 
Since it is impractical to count all salvaged fish, 
estimates are made by subsampling periodically 
during the day and extrapolating results to the 
en* day. T)q&ally, subsamples are collected every 
2 hours by diverting flow from the secondary by- 
pass into a "counting" tank. Sampling time varies 
with expected fish density but is normally about 

I' 
10 minutes. Fish collected in each subsample are ) identified to species, counted, and returned to the 
holding tank Four times each day (0300, 0900, 
1500,2100), the total length of each species from 
each subsample is measured to the nearest milli- 
meter. Total daily salvage, by species and average 

I 
length of each species, is then calculated by compar- 
ing the period subsampled with total pumping time. 

AJl smelt collected during a counting period at 
Skinner Fish Facility are preserved for positive I identification This procedure was instituted after 
an adult Japanese pond smelt (wakasagi) was dis- 
covered during a salvage count in May 1993. 
Smelt are identified during the counting and re- 
checked by a DFG biologist. Those that cannot be 
positively identified as delta smelt are rechecked 
by Dr. Johnson Wang, an acknowledged expert. 
Positive identification of 20- to 40-mm juvenile 
wakasagi and delta smelt has been questioned 
due to overlapping or confounding character- 4 istics previously thought to separate the two 
species. To address the identification problem, 
samples of both species have been collected and 
sent to UC-Davis for electrophoretic analysis. This 
work should help in determining whether the 

I 
samples are genetically di£fermt and whether cm* 
breeding has occurred between the two species. I 1 
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Hauling 

Two stainless steel tank trucks operate at Skinner 
Fish Facility. Both a~ specially designed to reduce 
mortality associated with transporting fish to the 
release sites. The 2,500- and 1,200-gallon tanks 
reduce overcrowding, provide better temperature 
insulation, and are designed and loaded to reduce 
sloshing during transport. The smaller tank is 
fiberglass-insulated to help keep the water cool, 
and both tanks have oxygen injection systems. 

Hauling frequency is based on estimated density 
of fish in the holding tanks. Guidelines for operat- 
ing Skinner Fish Facility re+ that fish not be 
held longer than 8 hours, so salvaged fish are 
hauled to release sites at least three times a day; 
when large numbers are collected, hauls can be as 
often as five or six times a day. Also, hauls may be 
more frequent if only one truck is available, espe- 
cially when operating only the 1,200-gallon truck 

Effects of handling and hauling on several fish 
species at Skinner Fish Facility were evaluated by 
Raquel(1989). Recommendations include adding 
2 to 10 ppt salt to water in the tank trucks to reduce 
physiological stress of handling. Adding salt in- 
creased overall survival during transport (Raquel 
1989). Under conditions of the 1994 biological 
opinion for delta smelt, 8 ppt of salt is added to the 
tank water before transport. 

Although the studies did not specifically include 
delta smelt, data from Raquel (1989) are being 
reviewed for relevance to delta smelt and splittail 
survival. Delta smelt are apparently intolerant of 
handling and have high mortality rates under 
physically demanding conditions (Odenweller 
1990,1991; Sweetnam and Stevens 1991; R Mager, 
UCD, pers comm). 

There have been related concerns regarding long- 
term survival of salvaged delta smelt following 
release (Odenweller 1990, 1991; Sweetnam and 
Stevens 1991). Effects of transport and handling on 
survival of delta smelt havebeen documented dur- 
ing striped bass grow-out facility operations. Of 
1,605,774 fish taken from the salvage facility to the 
grow-out facility in 1989, 111,093 (79%) did not 
survive; that number includes all of the 2,590 delta 
smelt taken incidentally (Odenweller 1990). Again 
in 1990, all 14,475 delta smelt taken were lost at the 
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grow-out facility (Odenweller 1991). However, it is 
not clear how conditions at the grow-out facility 
compare to conditions salvaged fish encounter 
when they returned to Delta channels. 

Although it is not clear how conditions at the 
grow-out facility compare to conditions encoun- 
tered by salvaged fish when they are returned to 
Delta channels, high losses must be assumed. This 
problem is being addressed both through efforts to 
reduce predation at Delta release sites and through 
research Additional handling and trucking stress 
studies of delta smelt (or a surrogate species) and 
splittail are being discussed (Sweetnam and 
Stevens 1993; D. Hayes, DWR, pers comm). 

Salvage Release Sites 

The SWP maintains two permanent release site 
facilities, at Horseshoe Bend on the Sacramento 
River and on Sherman Island at Curtis Landing 
on the San Joaquin River. Two CVP release sites 
are also available in emergencies. Releases are 
alternated between sites over a 24hour period. 
Normally, morning releases are at the Curtis Land- 
ing site, evening or night releases are at Horse- 
shoe Bend, and afternoon releases are alternated 
between sites. Night releases are always at Horse- 
shoe Bend because of protective fencing around 
the truck hookup. During delta smelt and splittail 
salvage operations in 1993, trucks made up to five 
releases a day to reduce holding time and exposure 
to predators in the holding tanks and in the trucks. 

The 1993 delta smelt biological opinion q u i d  
Water Resources to construct an additional release 
site. A thorough environmental evaluation of per- 
manent release site options couldnot be completed 
and the necessary permits obtained by the Janu- 
ary 1,1994, deadline. Therefore, Water Resources 
modified one of its tank trucks so fish could be 
released at suitable sites in the upper Delta 

Facility Evaluations and Concurrent Studies 

Water Resources, in cooperation with Fish and 
Game, is implementing studies for Skinner Fish 
Protective Facilities. Studies now planned include 
evaluations of: 
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Primary Intake Channel 

Lower efficiency. 

Actual entrainment estimates data collection. 
Sample proportion of flow behind louvers and look at 
ratio of loss to estimate effkiencv. 
Sieve net secondary channel to estimate louver screen 
eff kiency. 

Hydraulics and effects on guidance efficiency. 

Secondary Intake Channel 

Fish movement through secondary channels. 
Construct secondary channel covers to test effects of 
light and dark condiions on fish movement and sal- 
vage. 
Construct and test hydraulic effects of a ramp at the 
bypass entrance and influence on bypass flows and 
fish movement. 

Fish Facility Predation 

Pilot study to determine extent of predation and effects 
on fish salvage of weekly predator removal from secon- 
dary channels. 
Draw down secondary channels and remove all predators 
to test effects on salvage. . 

Introduce specific numbers and species of predator 
fish, and measure effects on fish salvage. 

Hydroacoustic studies near trash racks and primary 
channel louvers to assess predator holding and foraging 
locations and predator numbers. 

Holding Tank Operation Procedures 

Evaluate diierent counting procedures, subsamping ef- 
fects, sampling duration. 
Develop equipment to better handle and transfer large 
numbers of fish to reduce fish stress and losses. 
Study hydraulics to evaluate efficient holding tank flows 
for maximum fish salvage and survival. 

Handling and Trucking 

Conduct experiments to determine optimum procedures 
for delta smelt or a surrogate species. 
Evaluate tank truck size and configuration on fsh sunrhral. 

Release Sites 

Study effects of predator populations, composition, and 
behavior on salvaged fish releases and survival. 
Evaluate mobile release versus fiied-site release sur- 
vival. 
Evaluate use of holding pens for prerelease accamation 
to local conditions. 

These studies are being reviewed by an Inter- 
agency Program fish facilities work team and are 
being implemented on a priority basis. Fish and 
Game has developed draft work plans (DFG un- 
published report). 

As part of evaluations of predation impacts on 
released fish, the Bureau of Reclamation, Water 
Resources, and Fish and Game are planning a hydro- 
acoustic and predator fish sampling study. The 
study will compm predator density at the perma- 
nent release sites under normal operations to 
predator density at multiple locations with infre- 
quent releases. This evaluation was proposed to 
determine if permanent release facilities are re- 
turning fish to the Delta with minimal additional 
losses due to predation. 

Tracv Fish Protective Facilitv 

The Bureau of Reclamation completed Tracy Fish 
Protective Facility in 1958 to salvage fish that 
would otherwise be lost to Tracy Pumping Plant or 
entrained into Delta-Mendota Canal. Tracy Fish 
Facility is a louver structure based on a design 
developed by the U.S. Fish and Wddlife Senrice 
pates and Vinsonhaler 1956); it was the first full- 
scale louver fish screen ever built. The louver struc- 
tue was specifically designed to intercept and 
salvage salmon smolts and &inch and larger 
striped bass. However, it also intercepts smaller 
striped bass and other species. 

Tracy Fish Facility is at the intake to Tracy Pumping 
Plant, 25 miles downstream. Basic f e a W  are the 
system of primary and secondary louvers (Fig- 
we 10). The primary screening system is a single 
320-foot-long louver array positioned at about a 
15-degree angle to the direction of the flow. The 
louver slats are 25 feet high with a 1-inch space 
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ter  stnztura 
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Figure 10 
SCHEMATIC DIAGRAM OF CENTRAL VALLEY PROJECT TRACY FISH PROTECTIVE FACILITIES 

between slats. Four 6-inch '%bypass windowsf' along 
the primary louver face convey fish to the secon- 
dary louvers and on to the holding tanks. Salvaged 
fish are transferred to 2,000-gallon trucks and 
hauled to the Delb for release. The Bureau of Rec- 
lamation uses two release sites, one on the Sacra- 
mento River near Horseshoe Bend and the other 
on the San Joaquin River immediately upstream of 
the Antioch Bridge. 

Changes in water surface elevation caused by tidal 
fluctuations affect operations at Tracy Fish Facility. 
High tide at the facility occurs about 8 hours after 
high tide at the Golden Gate Bridge, and tidal 
heights about 70% of those at the Golden Gate. 
9 i c a l  tidal fluctuation at the fish facility is about 
3 feet; maximum fluctuation is 6 feet. Since pump- 
ing at Tracy is generally constant over a 24-hour 
period, channel and approach velocities vary with 
tidal height. 

Tracy Fish Facility is operated to achieve water 
velocity through the louvers specified in Decision 

1485 for striped bass (about 1 foot per second) and 
for winter-run salmon (about 3 fps). However, 
tidal changes in water surface elevation can make 
this operation difficult, especially during low tide. 

When the fish facility began operating, Tracy 
Pumping Plant was not operated year-round. 
Water was pumped to meet seasonal irrigation 
demand, generally April through October. With 
addition of San Luis Reservoir in 1967, the Tracy 
facilities began operating year-round. Pumping 
through winter affected fish species other than 
salmon and striped bass, especially smelt and other 
early spawners. This is documented by increased 
salvage of these species at the fish facility. 

A complete field evaluation of Tracy Fish Facility 
is now underway to identify specific operational 
problems and possible improvements. The Bureau 
of Reclamation is also evaluating hydraulic condi- 
tions at the fish facility and periodically removing 
predators from the secondary bypass system. 
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Primary and Secondary Lowers 

Initial evaluations of Tracy Flsh Facility were con- 
ducted in the late 1950s by the F& and WddIife 
Service (Bates et a1 1960) and Department of Fish 
and Game (Hallock 1968). The first study was not 
designed to measure efficiency at the primary lou- 
vers, but it did show a 90% salvage efficiency in the 
secondary louvers. The second study used paired 
fyke-nets upstream and downstream of the pri- 
mary louvers and, based on striped bass, found 
that the primary louvers had a 7l% efficiency in 
1966 and a 91% efficiency in 1967. The diffezmce 
between years was due to the size of caphued 
striped bass. Data with striped bass showed a 
diversion efficiency of 5.4% for bass averaging 
20 mm, 76% for 32 mm, 924% for 44 mm, and 
99.4% for bass longer than 120 mm. 

In day-versus-night comparisons, the primary 
louvers appeared to be more efficient during day- 
light hours, but the difference was minimaL At 
velocities of 2.2 to 3.9 feet per second, no significant 
difference in efficiency could be documented for 
bass. Other species captured in this study were too 
few to accurately determine louver efficiencies. 
Preliminary estimates of primary louver efficiency 
are 66% for delta smelt (161 fish), 89% for threadfin 
shad (159 fish), and 91% for American shad (1,223 
fish). The 66% louver efficiency for delta smelt 
probably reflects a predominance of adults and 
sub-adults in the collections. Louver efficiency 
seems to be species or size dependent, based on 
these data. Further research is needed to document 
salvage efficiency at Tracy Fish Facility for delta 
smelt and splittail. 

The cwrent study to improve operations will ex- 
amine how Tracy Fish Facility functions in relation 
to listed and candidate species, especially delta 
smelt and splittail. Discusions are continuing to 
determine interim screen criteria based on existing 
efficiency rates and to conduct swimming per- 
formance studies to develop specific delta smelt 
criteria. 

Striped bass, white catfish, and other predators in 
the primary and secondary dmuds undoubtedly 
prey on delta smelt, but there are no reliable esti- 
mates of predation loss rates for smelt. Predation 
losses for molt salmon are estimated at 15% based 
on losses at other fish screens. 

Each month for the last 3 years, the Bureau of 
Reclamation has removed predators from the sec- 
ondary louver channel Large numbers of predators 
have been moved, and the number and size of 
predator fish seems to be deaeasmg with succes- 
sive removal operations. Stomach analyses of 
striped bass and white catfish indicate small fish 
are the major food consumed, but a few delta smelt 
have been found. The Bureau of Reclamation plans 
to continue monthly predator removal from the 
secondary channel to reduce predation on d e r  
fish such as delta smelt. The Bureau also plans to 
study ways to reduce predators in front of the trash 
rack and in the primary louver chamel. 

Holding Tanks 

There are two types of losses in the holding tanks, 
neither of which has been documented. The first 
type is predation losses, similar to those in the 
louver channels. The second type is loss due to 
stress and fatigue from fighting a current. Both 
types would increase as length of holding time 
increased. The 1993 and 1994 biological opinions 
for delta smelt recommended holding times of no 
more than 8 hours to help reduce these losses. The 
Bureau of Reclamation complied with this request 
before the opinion was released and continues to 
do so. 

There is concern that delta smelt do not reach the 
release sites alive and that salvage operations are 
ineffective for this species. Bureau of Reclamation 
personnel have indicated that delta smelt survive 
the screening and holding procedure and are in 
goad shape when placed into transport trucks. 
Adult delta smelt are generally seen in the loading 
bucket, in groups of 5 to 10 near the surface. Stud- 
ies are needed to confirm that salvage operations 
are functioning properly or to design methods to 
improve delta smelt survival through the salvage 
facilities. 

The Bureau of Reclamation has proposed a study 
to determine how holding time influences mortal- 
ity rates for several fish species. However, docu- 
menting the health or condition of fish before they 
enter the holding tanks will be difficult. The added 
handling stress involved in determining their con- 
ditionbefore they enter the holding tank willaffect 
interpretation of results. Work on this study is 
proposed to begin in 1994. 
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Counting and Measuring 

It is not practical to count all salvaged fish, so esti- 
mates m made by sampling every 2 hours and ex- 
trapolating the d t s  to the entire day Sampling 
typically qments  one-twelfth of the total salvage. 
Fisharemeasuredattwocountseveryday Counting 
and identifyhg fish d t s  in additional handling, 
sothesefisharemorestressedthanthetypicalfish 
going through the salvage operations. 

When salvage operations began at Tracy Fish 
Facility, salmon and striped bass were the species 
of intemt, and delta smelt were lumped in a class 
called "others". When enumeration of smelt began 
in the 19609, longfin and delta smelt were both in 
one category, "smelt', but the two species have 
been identified separately since 1969. 

A concern with the data is that delta smelt may 
have been misidentified in these early years. Adult 
delta smelt are fairly easy to identify, and identifi- 
cation has likely been accurate for many years. 
Larval delta smelt closely resemble longfin smelt, 
and until recently it was not possible to separate 
the two. Also, juvenile delta smelt can be easily 
confused with juvenile threadfin shad and Ameri- 
can shad. These younger stages must be preserved 
to be positively idened,  which would be counter- 
productive for a salvage facility. 

In 1994, wakasagi were found among the salvaged 
fish Some specimens could not be identified con- 
clusively as either wakasagi or delta smelt. Efforts 
are underway to identify separating dumcteristics. 

The Bureau of Reclamation has hired a fisheries 
biologist expressly for Tracy Fish Facility and has 
contracted with a consultant as part of a long-range 
improvement of taxonomic identification for sev- 
eral species. Studies so far indicate fish facility 
workers are nearly 100% accurate at identifying 
adult delta smelt and about 80% accurate at iden- 
tifying juvenile longfin and delta smelt. Salvage 
personnel are not expected to become proficient at 
identifying larval smelt less than 15 mm. This work 
is now done by a contractor. 

B m u  of Reclamation biologists are studying split- 
tail distribution and movement through the fish 
facility. Radio-tag tracking of adult splittail is pr* 
viding p r e m  information on activity of these 
fish in and near the facility. 
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Hauling 

Hauling losses for delta smelt are d o w n  Stress 
and predation are the obvious concerns. The large 
hauling trucks (2,000 gallons) are built and loaded 
in such a way as to reduce sloshing. These large 
tank trucks are believed to provide the best condi- 
tions for transport of fish that can reasonably be 
developed. Tests have shown that water tempera- 
ture changes are less than one degree in the hottest 
part of summer. In addition, salt is added to the 
fanks to create an 8-ppt solution to reduce stress and 
disease associated with handling and transport. 

Hauling fish in tanker trucks during foggy weather 
is a major problem. Because of dense fog in the Delta 
during winter, often for long periods, personnel 
safety is a concern. These conditions also increase 
the time of the hauling trip, possibly exposing 
delta smelt to additional stress and predation 

Salvage Release Sites 

The 1993 delta smelt biological opinion indicated 
that Tracy Fish Facility had a single release site for 
salvaged fish, because the other site had a non- 
functional pump and was under repair. At a meet- 
ing on June 2,1993, a representative of the Fish and 
Wildlife Service Endangered Species Office indi- 
cated that completing repairs at the second release 
site would fulfill the requirement for a second CVP 
release site. Repairs have been completed, and two 
sites are now being used. 

During the winter of 1992-93, thousands of adult 
delta smelt were salvaged at the CVP and SWP fish 
facilities. These smelt were moving from rearing 
areas near the confluence of the Saaamento and 
San Joaquin rivers to upstream spawning areas 
and were drawn to the export pumping plants. 
Once salvaged, the fish weR retumed to release 
sites in the lower Delta and had to repeat the 
upstream migration The Bureau of Reclamation is 
proposing to acquire a third release site, designed 
for use by both CVP and SWP trucks. The third site 
would be chosen and designed exclusively to 
enhance salvage and survival of delta smelt by 
allowing them to be released near the'i spawning 
areas. This would reduce the chance of salvaged 
delta smelt being =entrained. 
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Suisun Marsh Facilities 

Suisun Marsh is in southern Solano County., west 
of the Delta and north of Suisun Bay (Figure 11). 
This tidally influenced marsh is a vital wintering 
and nesting area for waterfowl of the Pacific my- 
way, and it represents about 12% of California's 
remaining wetland habitat. 

The Suisun Marsh Plan of ~rotectionl and Suisun 
Marsh Preservation Agreement2 were developed to 
assure that a dependable water supply is main- 
tained in Suisun Marsh to offset diversions by the 
CVP, SWP, and others. 

Suisun Marsh facilities are operated to minimize 
marsh salinity only so far as operations do not 

1 mate a need for additional upstream releases, do 

I I 
Figure 11 

SUlSUN BAY AND SUlSUN MARSH m 
1 In 1984, the Department of Water Resources published the P h  of Protectionfbr the Suisun Marsh including 

Enoinmmentnl Impact Repmt in response to Order 7 of Dedsion 1485. 
2 The US. Bureau of Redamation, Department of Water Resources, Department of Fish and Game, and Suisun ' 

Resource Conservation signed the Suisun Marsh PreserPation Agreement in 1987. 
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not limit exports, do not harm fish, do benefit 
wildlife habitat, and do not require the Suisun 
Marsh Salinity Control Gate flashboards to remain 
in place beyond the time otherwise required to 
meet Decision 1485 standards. 

Areas for compliance with the revised Decision 
1485 salinity standards are being phased in over 
time. Since October 1988, compliance has been re- 
quired for the eastern and northeastern regions of 
the marsh at Collinsville (C-2), National Steel 
(S64), and Beldons Landing (S49). Compliance for 
the northwestern region of the marsh began in 
October 1993 inchadbourne Slough (S21) and Cor- 
delia Slough (S97). 

The schedule for future compliance is: 

October 1994 - Southwestern marsh in Good- 
year Slough near Pierce Harbor (95). 

October 1997 - Suisun Slough, 300 feet south 
of Volanti Slough (S42). 

Phase I, Initial Facilities, of the Plan of Protection 
was completed in 1980, and Phase 11, Suisun Marsh 
W t y  Control ~atesl ,  began operating in Novem- 
ber1988. Phases I11 and IV have been combined 
into the Western Suisun Marsh Salinity Control 
Project. Environmental documentation for the pro- 
ject is a joint effort by the Bureau of Reclamation 
and Department of Water Resources, and a draft 
EIS/EIR is scheduled for October 1995. If 
needed, Phase V, the Grizzly Island Distribu- 
tion System, will provide a dependable water 
supply for the central region of the marsh; project 
planning and environmental documentation work 
is scheduled to begin after the conclusion of the 
Phase III/IV project. Phase VI, Potrero Hills Ditch, 
will be initiated if field monitoring indicates addi- 
tional salinity control is necessary. DWR and USBR 
will initiate separate ESA consultations for these 
new facilities. 

The Department of Water Resources started meet- 
ing southwestern marsh salinity standards on Oc- 
to6er 1, 1993. Salinity control-is expected at all 
compliance sites using a combination of Delta out- 
flow, Suisun Marsh Salinity Control Gate opera- 
tion, and augmentation of creek flows from 
watersheds along the northwestern perimeter of 

the marsh. Lake Berryessa or North Bay Aqueduct 
water may be used in 1995 to control salinity in the 
western marsh if natural creek flows are insuffi- 
cient If 1995 is as dry as 1990, then an estimated 
maximum average daily flow of 50 cis of augrnen- 
tation water will be needed for January-March and 
30 cfs for April-May 1995 to meet Decision 1485 
standards in the western marsh Model studies are 
in progress to refine the estimate of needed aug- 
mentation water. The r e f i d  estimate will reflect 
water year 1992 hydrologic and salinity conditions 
in the marsh and Suisun Bay as affected by condi- 
tions of the biological opinions for winter-run 
salmon and delta smelt. 

In planning for the Western Suisun Marsh Salinity 
Control Project, Water Resources and the Bureau 
of Reclamation conducted a test in January-May 
1994 to identify relationships between creek flow 
tributary to the northwestern marsh and channel 
water salinities in the same region. During the test, 
velocity, water level, and salinity instruments were 
dmloved in northwestern marsh channels. Flow 
a&nktation from the North Bay Aqueduct was 
intended to be used to reduce channel salinity in 
Cordelia Slough if natural flows from the Green 
Valley watershed were unable to control salinity. 
Natural flows were sufficient, and North Bay 
Aqueduct water was not needed. The test was a 
success; under test conditions, natural flows to 
Cordelia Slough were found to adequately control 
salinity in this part of the marsh. Specific informa- 
tion on the likely region of influence and residence 
time of augmentation water are needed for the 
EIS/EIR. 

The Bureau of Reclamation and Water Resources 
are scheduling another test that will expand the 
scope of the first test that will run from Septem- I 
ber 1994 through May 1995. Additional instru- 
ments have been installed, and Green Valley I 
Creek flow may be augmented. Marsh channel 
water salinities are expected to be higher than in 
early 1994 because 1994 runoff was so low (Sac- 
ramento River Index of 8 million acre-feet). 

Facilities of the P h  of Profectian that could affect 
delta smelt are discussed in the following sections. 
Diversions by private landowners, which could 

I 
also affect delta smelt, are discussed as well. 

1 Also referred to as Montemma Slough salinity control gates. 

25 
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Suisun Marsh Salinity Control Gates 

The Suisun Marsh Salinity Control Gates are about 
2 miles northwest of the eastemend of Monbwm 
Slough, near C0llimd.k. The struchm spans Mon- 
tezuxna Slough, a width of 465 feet. A schematic of 
the structure (Figure 12) shows the southern, or 
upstream, side. From left (west) to right (east), the 
s- consists of the following components: 

A permanent barrier, 89 feet across, extending 
frmthewestemleveetotheflashboardmodule. 

The flashboard module, which provides a 66- 
foot-wide maintenance channel through the 
structure that can be closed September 1 
through May 31. The flashboards can be re- 
moved if emergency work is required down- 
stream of the gates, but removal requires a 
large barge-mounted crane. 
The radial gate module, 159 feet aaoss, con- 
taining three radial gates, each 36 feet wide. 
The boat lock module, 20 feet aaoss, which is 
operated when the flashboards are in place. 
A permanent barrier, 131 feet across, extending 
from the boat lock module to the eastern levee. 

REMOVABLE FLASHBOARD 

RADIAL GATES 

Figure 12 
SUlSUN MARSH SALlNlM CONTROL GATES 

An acoustic velocity meter is located about 300 feet 
upstream (south) of the gates to measure water 
velocity in Montezuma Slough near the structure. 
Water level recorders on both sides of the structure 
allow operators to determine the difference in 
water level above and below the gates. The three 
radial gates open and close automatically, using 
the water level and velocity data. 

The Suisun Marsh Salinity Control Gates may be 
operated from September 1 through May 31 to 
hold less-saline water originating in the Sacramento 
River near Collinsville in eastern end of Monte- 
zuma Slough and reduce the amount of more- 
saline Grizzly Bay water from entering the western 
end. Gate operation is necessary during the marsh 
control season (October-May) of below-normal, dry, 
and critical water years. The gates can be operated 
full time to divert the maximum quantity of water 
from the Sacramento River or intermittently to 
divert only the quantity needed to meet Decision 
1485 standards. 

During full-bore operation, the gates open and 
close twice each tidal day (about 25 hours). The 
gates are open during the two ebb tides, when the 
water level is higher on the Colhsville (upstream) 
side, and remain open about 7 hours. The gates 
are closed during the two flood tides, when water 
inMontezuma Slough begins to flow upstream 
toward Collinmille. 

The quantity of Sacramento River water "tidally 
pumped" by the gates is primarily a function of the 
shape and sequence of ocean tides and hydrologic 
conditions in the Delta. Instantaneous flows past 
the gates vary from no flow when the gates are 
closed to about 8,000 cfs with all k e e  gates open 
During full-bore operation, the net flow through 
the gates is about 1,800 cfs when averaged over one 
tidal day. When the gates rn not operating (June- 
August) and the flashboards are removed, net flow 
in Montezuma Slough over one tidal day is low, and 
often in the upstream direction (as estimated by 
hydrodynamic model simulations). 

Water is diverted from Montezuma Slough at indi- 
vidual diversion points onto FA and Game and 
private land along the slough and at the Roaring 
River Distribution System intake. 
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In spring 1992, the biological opinion for winter-run 
Chinook s h o n  dramatically changed operation 
of the Suisun Marsh Salinity Control Gates over 
that which would have n o d y  occurred in a 
critically dry year. The National Marine Fisheries 
Service ordered the gates closed from Ma& 1 to 
March 27. A return to full gate operation was 
allowed beginning March 27 provided individual 
owners did not divert water through msaeemd 
diversions. Because Roaring River is the only 
screened intake, most duck clubs were unable to 
divert water until May 1,1992, when permit con- 
ditions in the opinion ended. 

Because of the western Suisun Marshsalinity com- 
pliance sites (S-21, S-97, S-75), Water Resources 
expects to operate the Suisun Marsh Salinity Con- 
trol Gates full bore from September 1, 1994, 
through May 31,1995. 

Roaring River Distribution System 

The Roaring River distribution system is one of the 
initial facilities of the Plan of Protection. The Roar- 
ing River diversion and distribution system intake 
is the largest diversion point on Montezuma 
Slough The intake consists of eight Winch cul- 
verts just to the north of the original Roaring River 
Slough confluence with Montezuma Slough. A 40- 
acre intake (peaking) pond, constructed west of the 
new intake culverts, supplies water to Roaring 
River Slough. 

Flows through the culverts into the pond are con- 
trolled by motorized slide gates on the Montezuma 
Slough side and flap gates on the pond side. The 
motorized gates are adjusted depending on tide 
levels, the amount of diversions from Roaring 
River Slough, and the season The original conflu- 
ence of Roaring River Slough consists of a manu- 
allygperated flap gate that allows drainage back 
into Montezurna Slough for flood protection. 
Water Resources owns and operates this drain gate 
to ensure that the Roaring River levees are not 
compromised during extremely high tides. 

Water is diverted into the Roaring River intake 
pond on high tides to raise the water surface ele- 
vation in Roaring River Slough above the adjacent 
mamhhds. Wetlands south and north of Roaring 
River Slough receive water from the slough at a 
steady flow, as needed. The pond is used to sup- 
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plement the water supply in Roaring River Slough. 
In most cases, the wetlands continue to drain to 
Grizzly, Suisun, and Honker bays and Montezuma 
Slough using existing facilities. 

Wetland management operatiom and water de- 
mand from Roaring River and Montezuma Slough 
are discussed in the next section, "Dkaek Diver- 
sions from Montezuma Slough". 

The intake to Roaring River Slough is screened to 
prevent entrainment of fish larger than about 25 
mm. Water Resources designed and installed the 
screens using Fish and Game criteria. The Bureau 
of Reclamation and Water Resources provide rou- 
tine screen maintenance. 

The screen is a stationary, vertical screen con- 
structed of continuous slot, sfahless steel wedge 
wire. One screen panel is constructed of copper- 
nickel alloy as a test of anti-biofouling materials 
(D. Hayes, DWR, pers comm). All screens have 
3/32-inch slot openings. Design approach velocity 
is 0.5 foot per second, the through-screen velocity 
speciiled by Fish and Game to protect juvenile 
salmon and striped bass, but during routine op- 
eration, velocity is usually below this value. Flow 
through the fish screen is controlled by motorized 
slide gates on each culvert (maximum design flow 
occurs briefly, only at high-high tide, with all slide 
gates open). 

This year the Roaring River intake flows at Mon- 
tezuma Slough will be modified by adjusting the 
slide gates to reduce entrainment losses of adult 
and juvenile delta smelt. At this time, the proce- 
dure will be to calculate the flow rate (cfs) through 
the fish screens based on the difference in water 
level in Montezuma Slough and the peaking pond 
and the position of the slide gates. Then, using the 
fish screen area through which water will flow 
(based on the water level in Montezuma Slough), 
the approach velocity will be calculated by divid- 
ing the flow by the area If too high a velocity is 
calculated, then the slide gates will be lowered 
until the approach velocity is within the 0.2 fps 
criterion In compliance with the 1994 delta smelt 
biological opinion incidental take term and condi- 
tion 4, if new informationon on a more appropriate 
velocity becomes available, it shall be approved by 
the Fish and Wildlife Service and implemented. 
Initially, slide gate adjustments are expected to be 
made only during periods of higher-high tides. In 
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addition, a close estimate of the required gate PCP 
sition can be achieved based on forecasting water 
levels in Montezuma Slough To meet delta smelt 
biological opinion requirements, Water Resources 
is participating in developing recommended 
screen criteria for delta smelt as part of addressiig 
Roaring River diversion concerns. 

UC-Davis, under contract with Water Resources, h 
evaluating environmental tolerances and effects 
on swimming ability for delta smelt Recent efforts 
have focused on morphometric meawmm& of 
p-ed and live specimens of delta smelt Re- 
served specimens were obtained from UC-Davis, 
the Bureau of Reclamation, and Dr. J. Wang. Live 
smelt from samples at SWP and CVP salvage facili- 
ties are measwed when available. The measure- 
ments will help define the size of screen opening 
necessary to exclude a given life stage based on 
average morphometric dimensions. These data will 
be used in developing screening criteria for delta 
smelt. Additional studies going on at UC-Davis 
include enviro~nental tolerance and swimming 
performance evaluations for juvenile and adult 
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splittail and development of culturing techniques 
and early life history characterization. SHOOT~KZ LEVEL 

Discrete Diversions from 
Montezuma Slough 

The Department of Fish and Game and mo~e than LEVEL 

30 private owners along Montezuma Slough divert 
water from the slough through more than 60 un- 
screened culverts of varying diameters. Most of I R O ~ ~ ,  1981] 

these diversions are used to convert adjacent land ' 
Figure 13 

areas to ponds for waterfowl management and hunt- TWO OPERATiONAL SCENARIOS FOR MANAGED 
ing. Diversion rates are usually highest during Octo- WETLANDS IN SUlSUN MARSH 
ber, when the managed wetlands are flooded for the 
first time each yeaz Initial flooding requires about 
3weeks life Refuge to offset fish losses at Banks Pumping 

Plant. Water Resources is also considering screens 
Water management practices vary pa t ly  in Suisun for two adverts at the Lower Joice Island Fill/ 
Marsh, but Suisun Resource Conservation District Drain Facility by 1995. 
is working to update and enfoxe efficient manage- 
ment schedules for the private owners. During the In s-, a number of efforts are underway to 
control season, water is diverted from Montezuma avoid or mmimize impacts to delta smelt related to 
Slough during initial flooding in October, for water operations in the Suisun Marsh area, including 
circulation in November to mid-January, and dur- controls on urscreened diversions, scmn opera- 
ing leach cycles in February to May (Figure 13). tions at the intake to Roaring River Slough, modi- 

fied operations at Montezuma Slough, and screens 
In 1995, Water Resources will install screens for at Grizzly Island W11dlife Refuge to mitigate for 
culverts diverting water onto Grizzly Island Wdd- fish losses at Banks Pumping Plant 
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Delta Cross Channel and 
Georgians Slough 

The Delta Cross Channel is a gated diversion con- 
structed in 1951 by the Bureau of Reclamation to 
augment the natural transfer of water from the 
Sacramento River near Walnut Grove into the cen- 
tral and southern Delta. Water diverted into the 
Delta Cross Channel flows into Snodgrass Slough, 
then the Mokelumne River, San Joaquin River, and 
various channels in the central and southern Delta, 
providing a more direct path for high quality Sac- 
ramento River water to the pumping plants in the 
southern Delta. The Cross Channel gates are also 
operated for fish protection, flood control, water 
quality control, and recreational boat traffic. 

Flows into the Delta Cross Channel are controlled 
by two 60- by 30-foot radial gates at the Sacramento 
River end of the mile-long cross channel. Inaccord- 
ance with Decision 1485, the gates are closed to 
avoid diverting salmon whenever the daily Delta 
~ ~ f f l o w  wex exceeh 1 2 , ~  ds from Ianuary 1 
to April 15. From April 16 to May 31, the gates may 
be closed for up to 20 days, at the discretion of Fish 
and Game, to avoid h@ ba~s if the 
~ e l b  outflow Index exceeds 12,000 cfs. such cl* 
sues are not required to be more than 2 of 4 con- 
-tive days. TO =duce on the d 0 - m  
side of the gate structure and to limit high flows 
and velocities on the Mokelumne River side of the 
Cross Channel, the gates are also closed when 
sustained flows in the Sacramento River at Sacra- 
mento exceed about 25,000 cfs. On occasion, the 
gates may be operated to regulate flow in the Sac- 
-ento River to help meet M i o n  1485 sa- 
linity standard at Emmaton 

The dt-nable prudent dte-tiVesm in the 
biological opinion for chinook wan clos- 
ing the Delta Cross Chamel gates from February 1 
m April 30 to avoid d i v h g  juvenile winter-- 
salmon. Also, the gates must be operated to mini- 
mize diversion of juvenile winter-runbased on real- 
time monitoring for their premce in the lower 
~c-ento River &om October 1 to jan~ary 31. 

hrgiana slough just south of the mlta cross 
M, is a natural chamel a d ,  b~ virtue of its 
location, is the main for water moving 
fmm the %-ento ~iver  to the sari j o a ~  mver, 
central Delta, and the pumping in the 

em Delta This natural channel is used by salmon 
during migration Juvenile salmonusing this route 
are believed to have higher loss rates than those 
that stay in the Sacramento River. 

Experiments have been performed at Georgiana 
Slough during spring 1993 and 1994 to investigate 
the effectiveness of an acoustic (underwater 
sound) barrier in guiding Chinook salmon srnolts 
away from Georgians Slough as a means of in- 
cmasing juvenile salmon survival. Results of guid- 
ance efficiency are not yet available. The 1994 tests 
will also be used to evaluate potential acute and 
delayed effects of exposure to the sound pxessure 
levels. Adult delta smelt were incidentally col- 
lected during trawling at the site, and juvenile 
splittail were collected in beach seines. 

Contra Costa Canal 

Contra Costa whikbegan operating in 
1940 and was completed in 1947, originates at Rock 
Slough about 4 miles southeast of O a e ~  Water 
for irrigation and MkI me is lifted 127 feet by a 
Series of four pumping plants. The 47.7-de canal 
terminates in Martinez Reservoir. ' h o  short ca- 
d, Clayton and Ygnacio, are integrated into the 
system. The initid diversion capacity of 350 d s  
gradually decreases to 22 cfs at the terminus* His- 
torically~ has ranged from about 50 to 250 
cfS, and varies seasonally (F~P 14). 

The Bureau of Reclamation, Contra Costa Water 
DistPict, National Marine Fisheries senrice, and 
Fish and Wildlife Service have developed a moni- 
toring program to determine whether fish species 
of concem are being entrained into Contra Costa 
C d  and, if SO, the level9 of enh'&XUIlent. of pI'h 
cipd concem are winter-run Chinook salmon and 
delta SIIlelt, with slightly 1-r C O I \ C ~ ~ S  for %CI'a- 
mento splittail and 10ngh SInelt. 'Ihe monitoring 
P ~ I F ~  began as a pilot pr- in 1994. 

I" compliance with the incidental talp term and 
condition 5 to m i n h k  take of delta smelt in the 
unscreened Rock Slough intake, the Bureau of Rec- 
lamation will use monitoring information de- 
d k d  in the reporting requirements to determi 
reduction in diversion of water at the Rock Slough 
and Mallard Slough intakes. The intent is to mini- 
mize take of delta smelt adults, juveniles, or larvae 
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AVERAGE MONTHLY CONTRA COSTA CANAL PUMPING, WATER YEARS 1978 TO 1992 
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that are exposed to pumping and diversion during 
the spawning and rearing interval from January 
through August. Notification of proposed reduc- 
tion of diversion to reduce take of delta smelt will 
be submitted to the Fish and Wildlife Service for 
approval, and monitoring results will also be 
submitted in the twice-monthly reports. 

Contra Costa Canal origjnally had a sueen at its 
entmnce, but it has been moved The screen p ~ -  
vented fish from using 4 miles of the canal that 
contained no pumps. Biologists probably believed 
the unrestricted rearing habitat and production of 
fish in that e t c h  of canal was more valuable than a 
fish screen topwent losses. Section3406(b)(5) of the 
CVP Improvement Act and the Los Vaquetos Roject 
biological opinion require constmction and opera- 
tion of screening and necovery facilities to mitigate 
for fishery impacts at the Rock Slough intake. 

North Bay Aqueduct 

In 1987, the SWP began pumping from Barker 
Slough through the North Bay Aqueduct to meet 
project entitlements in Napa and Solano counties 
(Figure 1, Chapter 1). Ultimate scheduled deliver- 
ies = expected to be about 67,000 aae-feet annu- 
ally. Maximum pumping capacity is about 175 d s  
(pipeline capacity). Daily pumping rates have 
ranged between 0 and 90 cfs (Figure 15). Average 
annual pumping rate is 35 ds. 

Water diversion to the North Bay Aqueduct has 
improved water clarity and dissolved oxygen and 
decreased specific conductance due to downs- 
water being drawn into the Barker/Lindsey Slough 
complex (Kano 1990). Pumping rates could in- 
crease by 30 to 50 cfs in dry years when additional 
water may be needed to help meet new water 
quality standards in western Suisun Marsh, 

Water use in the North Bay Aqueduct service area 
is inaeasing as population grows in Napa and 
Solano counties. Current demands result in 
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Fgure 15 
NORM BAY AQUEDUCT DAILY EXPORTS FOR WATER YEARS 1989 TO 1994 

(In Cubic Feet per Second) 
NOTE: The 1883.64 delta smell biologid opinh redride exports to below 65 cfe when deb smel ere in the area (65 cfe is shown as a tderen~0 point in tho figure). 
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In response to fisheries concerns, the Department 
of Water Resources constructed a staWf&art 
positive barrier fish smem at the Barker Slough 
intake. The meen consists of a series of flat, stain- 
less steel, wedge-wire panels with a slot width of 
3/32 inch designed to exclude fish 25 mrn or larger 
from being diverted. A low approach velocity (0.5 
fps) prevents them from being impinged onto the 
screens. The screens are routinely cleaned to p r e  
vent head loss across the sc- face, which would 
result in increased approach velocities. Screen 
design and maintenance were developed in coop- 
eration with and final design was approved by 
Fish and Game. 

pumping less than 65 ds during the early part of the 
delta smelt spawning period. Until April, demands 
are usually less than65 &,but in the future the 654s 
threshold will be earlier in the year. 

South Delta 
Temporary Barriers Project 

The existing South Delta Temporary Barriers Pre 
ject consists of installation and removal of temp* 
rary rock barriers at the following locations: 

Middle River near Victoria Canal, about 
0.5 mile south of the confluence of Middle 
River, Trapper Slough, and North Canal. 
Old River near Tracy, about 0.5 mile ('slst of the 

I Delta-Mendota Canal intake. 

hours when diversions are reduced due to pres- 
ence of delta smelt juveniles and larvae and when 
diversions are subsequently increased due to ab- 
sence of delta smelt juveniles and larvae. 

1 Fi- 16 includes a faum buds, on Grant ~ i n e  Canal) which has never been installed and. themfore, is not 
included in this discussion of existing facilities. DWR will be questing that the existin permits be arrrended 
to allow installation of this barrier in 1994. This v e s t  will be addmsed in a separate &x tion 7 cunsultatioh , 
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Fishand Gamenow uses anapproachvelocityof0.33 
fps for continuously cleaned sueens and 0.0825 fps 
for noncontinuously cleaned saeens. Noxxontinu- 
ously cleaned screens require cleaning before 
through-screen velocities exceed 0.33 fps (DFG 
1993). The e£fectivmess of this aiterion to screen 
delta smelt adults orjuvmi.ks is not known, because 
no data are available to define screenhg criteria for 
delta smelt In absence of specific approach velocity 
criteria for delta smelt, the Fish and Wrl- Service 
has used a 02-fps criterion establhhed for American 
shad (FWS 1993a). 

Fish and Game conducted plrp and post-installa- 
tion monitoring to evaluate impacts of the North 
Bay Aqueduct on fish. Results of these studies are 
discussed in Chapter 5. 

In compliance with the incidental take term and 
condition 3, when monitoring at Barker Slough 
(stations 720 and 721) indicates the presence (as 
defined in reasonable and prudent alternative 2) of 
delta smelt less than 20 mm, diversions from 
Barker Slough will be reduced to a Way Nnning 
average rate of 65 cfs for a minimum of 2 weeks, at 
which time presence of delta smelt will be reas- 
sessed. The averaging period for the 65 cfs wiU 
begin 48 hours after delta smelt are detected. The 
Fish and Wildlife Senrice will be notified within 48 

Head of Old River near San Joaquin River, 
within 0.1 mile west of the confluence of the 
two rivers. 

The barriers on Middle River and Old River near 
Tracy are tidal control facilities designed to im- 
prove water quality and water levels in southern 
Delta channels during irrigation season. The bamer 
at the head of Old River near San Joaquin River is 
designed to improve conditions in the San Joaquin 
River during fall-run Chinook salmon migration 

Although the barriers are temporary structures, 
some variation of the project will likely be in place 
through 1995. Figure 16* shows the original barrier 
schedule and when each barrier has been in place 
from 1987 to 1993. Variations such as hydrology 
and endangmd species constraints have modified 
the installation schedule each year. 

Installation of the Old River near San Joaquin River 
bamer is permitted by the Corps of Engineers 
from 1968 until 1997. In 1993, the Middle River and 
Old River near Tracy barriers were permitted to 
be in place from June 1 to September 30 until 1995. 

If the barriers pmve effective in helping San Joa* 
River salmon and enhancing southern Delta farm- 
ers' ability to manage their water supply, and if 
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Figure 16 
SOUTH DELTA TEMPORARY BARRIER SCHEDULE 

1987 TO 1993 

they are shown to have minimum negative im- 
pacts, the goal will be to install them routinely 
during spring and summer. Should this occur, bar- 
rier design will be changed to a permanent struc- 
ture such as a radial gate. A biological monitoring 
program has been designed and initiated as part of 
the barrier evaluation. Studies are also underway 
by Fish and Game to evaluate barrier effectiveness 
in increasing San Joaquin salmon molt survival. 

Following are general descriptions of the three 
temporary barriers. 

Head of Old River near 
San Joaquin River 

The barrier at the head of Old River consists of 
about 1,800 cubic yards of rock and sand placed 
across Old River about 0.5 mile west of its conflu- 
ence with the San Joaquin River. The barrier is 
about 200 feet long, and 50 feet at its widest point. 
Side slopes are 1.5 vertical to 1 horizontal. Al- 
though the barrier is designed to allow no flow of 
water over it, it is notched to allow passage of any 
adult salmon that may be migrating through Old 
River to the San Joaquin River. The fall barrier does 
not have boat portage facilities. 

When the barrier period is over, rock is removed 
and stockpiled for future use. The barriers are de- 
signed not to impede floodflows, and installation 
should not compromise channel integrity. 

Old River near Tracy 

The proposed temporary tide control facility is in 
the same location as a temporary barrier installed 
for 3 months during the drought in 1977 and for 
about a month in 1991. In 1993 this barrier was 
installed on June 5. Water Resources will propose 
to amend existing permits to allow installation of 
this barrier as early as April 1,1994. 

About 5,700 cubic yards of rock and sand is placed 
across Old River near Tracy about 0.5 mile west of 
the Delta-Mendota Canal intake. The barrier is 
about 250 feet long and 100 feet at its widest point. 
Nine &inch pipes, each 56 feet long with flap- 
gates, are placed in the barrier to permit flow in 
one direction Crest elevation is +20 feet, which 
allows water to flow over the top of the barrier 
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during flood (incoming) tides During ebb tides, 
the crest elevation will retain the tidal volume 
below the +20-foot elevation. 

Friant Division of the 
Central Valley Project 

Middle River near Victoria Canal 

The invert of the pipes is at 4.0 feet elevation 
(NGVD). The structure allows tidal flows to enter 
the channel upstream of the barrier and be retained 
as the tide ebbs, so agricultural pumps can divert 
water with less probability of pump damage. Also, 
the barrier changes circulation flows and may 
dilute return agricultural drainage to improve the 
quality of local agricultural diversions. 

Boat portage facilities consist of two boat launch- 
ing ramps and an operated vehide that tows a 
universal boat trailer. Boats are loaded onto the 
trailer and towed up one side of the barrier and 
lowered to the other side. Six marking buoys are 
placed about 70 feet apart, three upstream and 
three downstream, about 200 feet from the center- 
line of the barrier. W o  signs on top of the barrier 
provide notice to boaters. 

When the barrier period is over, rock is removed 
and stockpiled for future use. The barriers are 
designed not to impede floodflows, and installa- 
tion should not compromise channel integrity. 

The Corps of Engineers authorized annual place- 
ment of a barrier at this location until 1992 It was 
installed seasonally from April through Septem- 
ber. In 1993, this barrier was incorporated into the 
South Delta Temporary Barrier Project permit and 
was installed on June 15. 

Friant Dam =plates and diverts the flow of the 
upper San Joaquin River. Millerton Lake, behind 
Friant Dam, has a maximum storage capacity of 
520,500 acre-feet. Average annual runoff of the 
upper San Joaquin River is 1.8 million acre-feet. 
The Bureau of Reclamationhas contracts to deliver 
22 MAF per year in the Friant service area, which 
extends from Madera County to Kern County. 
About 0.8 MAF of the total water contracted is 
Class I, about 1.4 MAP is Class II, the difference 
being reliability of the water supply. In all but the 
driest years, 100% of Class I water is allocated, 
whereas the amounts of Class II water that can be 
regulated for delivery depend on the magnitude 
and timing of runoff and regulation of the runoff 
by reservoirs upstream of Friant. 

Madera Canal and Friant-Kern Canal originate at 
Friant Dam and convey water north and south, 
respectively, to CVP contractors in the Friant 
service area. Capacity of Friant-Kern Canal is 
about 5,300 cfs at the headworks. Capacity of the 
Madera Canal is about 1,250 cfs at the headwork. . 

About 4,800 cubic yards of rock and sand is placed 
across Middle River to construct a 270-foot-long 
berm with a removable center section Each end of 
the barrier, nea~ the abutments, conbins three 48- 
inch pipes with flapgates. The barrier ends and 
pipes mnain in place all year. The tide gates are 
tied open when the center section is removed. The 
center section is 140 feet long with side slopes of 
2 horizontal to I vertical. Crest elevation of the 
center section is 2 feet lower than the abutment, 
allowing some flow over the barrier, even at times 
other than high tide. The boat portage facility at 
this site is a gravel ramp that can be used to carry 
or drag a small boat across the barrier. 

Operation of Friant Dam focuses on regulationand 
conservation of the water supply to ma>dmize the 
amount of water available for delivery each year. 
Because of the relatively small amount of conser- 
vation storage available in Millerton Reservoir 
compared to the typical runoff, emphasis is on 
ensuring that enough water is available for deliv- 
ery in a pattern consistent with contractors' needs. 

Southern California Edison Company operates a 
system of reservoirs, powerplants, and water 
conduits in the upper San Joaquin basin that sig- 
nificantly e t e s  inflows to h4ikrton Lake. An 
operating contract between the Bureau of Recla- 
mation and Edison is the basis for ongoing coor- 
dination of Friant operations with the operation 
of Edison's system. This s ~ a l l e d  'Mammoth Pool 
Contract" was intended to moncile the rights of 
the two parties to use San Joaquin River water. The 
agreement was entered in 1957, b e f o ~  construc- 
tion of Mammoth Pool reservoir. 
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Friant Dam is also operated for flood controL Up 
to 170,000 acre-feet of space may be reserved to 
regulate inflows. Snowmelt flood control releases 
may be required in years when the combination of 
resewoir storage and water deliveries is not suffi- 
cient to safely regulate peak snowmelt runoff. To 
evacuate the flood control pool at Friant, releases 
may be made into Madera Canal or Friant-Kern 
Canal if the water is needed; otheMrise the water 
is dischged to the San Joaquin River. 

The Bureau of Reclamation releases water into the 
San Joaquin River to provide a minimum flow of 
5 cfs at Gravelly Ford. This ensures that water will 
be available for diversion by water right holders 
on the San Joaquin River between Friant Dam and 
Gravelly Ford. These releases vary seasonally from 
a few cubic feet per second in winter to 100 cfs 
during peak irrigation season. No other releases 
are made to the San Joaquin River except those 
required for flood control. Beyond Gravelly Ford, 
the San Joaquin River has little or no flow until 
Mendota Pool. 

When flood control releases are made from Friant, 
excess flow in the San Joaquin River may reach 
Mendota Pool, where it can be diverted for use 
by San Joaquin River Exchange Contractors. 

Concerns about levee scouring in the San Joaquin 
River downstream of the bifurcation struchm for 
Chowchilla Bypass have restricted flow to only 
about 1,300 cfs in that section of the river. However, 
flows in excess of that are rare, not well forecast- 
able, and of short duration. 

Excess flows entering Chowchilla Bypass are the 
only other means by which releases from Friant 
Dam can reach the Delta Such a condition last 
occurred in Ma&-June 1993. 

Effects of the Friant Division senrice area were 
addressed in the Fish and Wddlife Service's 1991 
Friant consultation. At that time, the Bureau of 
Reclamation agreeded to address listed species ef- 
fects in the remaining service areas in future con- 
sultations. 

New Melones Dam and Resenroir 

New Melones Dam, on the Stanislaus River about 
35 miles northeast of Modesto, is an earth and 
rockfill structure 625 feet high with a capacity of 
2 4  million aaefeet, 450,000 of which is reserved 
for flood control. The dam was built by the Corps 
of Engineers and transferred, when completed in 
1979, to the Bureau of Reclamation for operation 
and maintenance as the key feature of the East-Side 
Division of the CVP. 

Project purposes are flood control, power genera- 
tion, irrigation supply, water quality control, 
fishery enhancement, and recreation. Under an 
agreement with Tri-Darn Prcject, operations of New 
Melones and Tulloch reservoirs are coordinated, 
with Tulloch Reservoir operated as an afterbay. 
Goodwin Dam, just downstream of Tdoch, acts as 
a diversion structure to provide irrigation water to 
Oakdale Irrigation District and South San Joaquin 
Irrigation District to meet water rights under an 
agreement with the Bureau of Reclamation 

Under terms of State Water Resoums Control Board 
Water Right Decision 1422, water quality objec- 
tives for New Melones are: 

Dissolved oxygen of 7.0 mg/L or higher at all 
times at Stanislaus River at Ripon 

Total dissolved solids of 500 mg/L (monthly 
average) at San Joaquin River near Vemalis. 

Decision 1422 calls for up to 98,000 aae-feet to be 
released for maintenance of fish and wildlife. The 
fishery enhancement is mainly flow augmentation, 
including s p ~ g  pulse flows in April and May, fall 
attraction flows in October, and minimum flows in 
other months. The spring pulse flows have been 
intended in the past to assist outmigrating salmon 
smolts, but they also contribute to San Joaquin 
River pulse flows for delta smelt and other species. 
The fall attraction flows also tend to imease the 
dissolved oxygen level at Stockton, but they are 
relatively inefficient because much of the flow 
released to the San Joaquin River is lost to Old 
River and, therefore, does not support the flow 
past Stockton. 

In addition, special consideration is given each fall 
to releases required to meet the 56'F target on the 
lower Stanislaus River. 

35 
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Coordinated Operation Agreement 

TheCVPandSWPusetheSacramentoRiverand 
Delta as common conveyance facilities. Reservoir 
releases and Delta exports must be coordinated to 
ensure that each of the projects retains its portion 
of the shared water and bears its dme of the obli- 
gation to protect beneficial uses. 

The Coordinated Operation A p m e n t  between 
theBureauofRechnationandtheDepartmentof 
Water Resoufies became effective in November 
1986. The agreement defines rights and responsi- 
bilities of the CVP and SWP regarding Sacramento 
Valley and Delta water needs and provides a means 
to measure and account for those responsibilities. 
The Coordinated Operation Agreement includes 
a provision for its periodic review. 

Obligations for In-Basin Uses 

to meet Saaamento Valley in-basin use or if un- 
stored water is available for export. 

When water must be withdrawn from storage to 
meet Sacramento Valley in-basin uses, 75% of the 
responsibility for withdrawing water is borne by 
the CVP and 25% is borne by the SWP. When 
unstored water is available for export (ie, balanced 
water conditions and exports exceed withdraw- 
als), the sum of CVP stored water, SWP stored 
water, and the unstored water for export is allo- 
cated 55% to the CVP and 45% to the SWP. 

Accounting and Coordination of 
CVP and SWP Operations 

With daily coordination, the Bureau of Reclama- 
tion and Water Resources determine the target 
Delta outflow for water quality, reservoir releases 
to meet in-basin needs, and schedules to use each 
project's facilities for pumping and conveyance. 

I 

The Coordinated Operation Agreement define sin- 
basinusesas'legaluses of water in the Sacfamento 
Basin including the water - under the Delta 
standards found in SWRCB Decision 1485". The 
CVP and SWP are obligated to ensure that water is 
available for these specific but the d~ of 
obligation depends on several factors and changes 
throughout the year. 

Balanced water conditions are defined in the 
Agreement as ~eriodswhenthe two projects agree 
that releases from upstream resemoirs plus un- 
regulated flows are about equal to the water sup- 
ply needed to meet Sacramento Valley in-basin 

plus exports. Excess water conditions 
periods when the CVP and SWP agree that releases 
from Upstream ~ ~ o i r s  PI- w t e d  flow 
exceed Sacramento Valley in-basin uses plus ex- 
ports. 

During excess water conditions, sufficient water is 
available to meet all demands and requhements; 
under these conditions, the CVP and SWP Store 
and export as much water as possible. 

During b ~ ~ ~ e d  water conditio-, the two Pr* 
jects share in meeting in-basin uses. Balanced 
water conditions are further defined according to 
whether water from upsham storage is required 

To show CVP and SWP accumulated obligations 
during balanced water conditions, a daily account- 
ing 5 main-d according to the sharing formu- 
las in the Agreement.  his allows fl&b'fity in 
operations by dowing either party's s h m  to vary 
on a daily basis, thereby avoiding the need to make 
uy h g e s  in r ew~oi r  releases that originate 
several days' travel time from the Delta. During 
balanced conditions, adjustments can also be made 
a f t m a d  rather by predicting the d b l e  
of ~.eservoir inflow, storage withdrawals, and in- 
basin - on a daily basis. 

= one m- of to changing 
in-basin con&tiom. During balanced water con&- 
tiom, ournow can be -- almost immedi- 
ately by reducing project exports. 

Decision 1485 standards require that the CVP and 
SWP each limit pumping to an a- rerage of 3,000 cfs 
during M ~ Y  and J-. is ~arti-1~ con- 
sh.aining for CVp operatio& because its annual 
exports are limited by the capacity of Tracy pump- 
ing Plant and Delta-Mendota Canal. The Coordi- 
nated Operation Agreement and Decision 1485 
allow as much as 195,000 aae-feet to be pumped 
at Banks Pumping Plant to replace this lost CVP 
export. ~f this water is pump& during balanced 
water conditions, the CVP is responsible for sup- 
plying the water at Banks Pumping Plant. 
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When real-time operations dictate CVP and SWP 
actions, an accounting procedure tracks the water 
obligations of the two projects. When the diffemce 
between obligations is sufficient, adjustments may 
be made in reservoir releases to allow the project 
that has carried more than its obligation to recoup 
the water while the other project compensates for 
its deficient contribution 

During any given year, water conditions can go in 
and out of balance. Account balances continue 
from one balanced water condition through an 
excess water condition and into the next balanced 
water condition. If, however, the project with a 
positive balance (ie, the party that has provided 
more than its accumulated share of water) enters 
into flood control operations, the accounting is 
reset to zero. 

Limitations of the Present 
Coordinated Operation Agreement 

Current Endangered Species Act operational re- 
strictions in the Delta are not addressed in the 
Coordinated Operation Agreement. The two ESA 
restrictions that have affected coordinated opera- 
tions between the CVP and SWP are the QWEST 
standard and the take limitations at the export 
pumping facilities. 

The QWEST standard is a CVP/SWP operational 
limitation from the long-term winter-run Chinook 
salmon biological opinion Technically, QWEST is 
an index of reverse flow in the lower San Joaquin 
River. QWEST q p h t e s  the amount of CVP/SWP 
export capability based on hydraulic conditions 
of the San Joaquin River, eastside streams 
(Mokelumne, Cosumnes, and Calaveras rivers), 
Delta precipitation and estimated local consump- 
tive use, Sacramento River flow, and Delta Cross 
Channel operations. QWEST conditions can be 
operationally influenced through three control- 
lable mechanisms: Delta Cross Channel opera- 
tions, Sacramento River flow, and total CVP/ SWP 
export pumping. 

QWEST is nof a constraint that was considered or 
wen contemplated innegotiations and studies that 
led to the Coordinated Operation Agreement. The 
Decision 1485 standards contained in the Agree- 
ment are water quality and outflow standards, not 
export restrictions based on Delta hydraulic condi- 

tions. Imposition of QWEST on combined project 
operations has created a number of key coordina- 
tion issues: 

The definition of balanced water conditions is 
not appropriate when QWEST is the control- 
ling criterion. 
The priority of CVP or SWP export pumping 
duringperiodswhenQWESTisthecontroIling 
constraint is not defined. 
The responsibii for satisfying QWEST with 
releases from upstream reservoirs when both 
projects continue exports is not defined. 

How the benefits of Delta Cross Channel opera- 
tions are now to be applied to CVP or SWP 
export capability has not been detemhed. 

The long-term winter-run Chinook salmon bio- 
logical opinion and the 1994 delta smelt biological 
opinion both contain provisions for incidental take 
limitations at the combined CVP/SWP'export 
facilities. Neither opinion adhsses operation of 
the individual export facilities; rather they require 
coordinated operation of the CVP and SWP to 
address endangered species take. The Coordinated 
Operation Agreement has no provision to address 
individual project responsibility for endangered 
species take. 

As a result of QWEST and take limitations, the 
Coordinated Operation Agreement relationship 
betweentheCVPandSWPhasbeencloudedtothe 
point that individual project operations cannot be 
f o n t  satisfactorily on a long-term basis. The 
operational relationships between the water pro- 
jects are complex and cannot be fully addressed 
until all operational and regulatory issues are firm. 
Operations required by the Endangmd Species 
Act affect the Coordinated Operation Ageement 
and, in turn, the COA affects ESA operations 

In 1993, the CVP and bUTP were not operated in 
strict accordance with the Coordinated Operation 
Agreement concerning sharing the available water 
supply. By mutual agreement, in light of ESA 
requirements, the Bureau of Reclamation and 
Water Resources have apportioned the water 
supply and responsibility for Delta standards 
between the projects. Operations in 1993 were 
complicated by problems meeting the QWEST 
standard, take limits for winter-run Chinook 
salmon and delta smelt, and CVPIA operational 
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prescriptions. A wet winter in 1993 provided the 
flexibility for the projects to operate in this m r  
without severe COA problems. Operational flexi- 
bility is reduced as a direct result of low water 
supplies in 1994, a critically dry year. 

Regulatory Requirements for 
Delta Water Quality, Flow, and 

Operations 

Delta water quality standards and the beneficial 
uses they protect are defined in Decision 1485, 
which also addresses minimum flow require- 
ments. 

Beneficial uses protected by Decision 1485 include 
agriculture, M&I, and fish and wildlife. Delta 
standards apply throughout the year but become 
more critical whenever balanced water conditions 
exist, typically from April through November but 
varying depending on hydrologic and storage con- 
ditions. 

In addition to Decision 1485 water quality stand- 
ards, CVP and SWP operational decisions are 
based on the current water supply and hydrologic 
conditions and impacts and benefits to fisheries, 
recreation, and power. The uncontrollable vari- 
ables of tide, wind, barometric pressure, river 
depletion, and agricultural drainage affect the 
ability of the CVP and SWP to comply with the 
water quality standards. 

Operational actions initiated to maintain Delta 
water quality are based on past experience and 
empirical studies, used as guides for determining 
initial responses to Delta conditions. Operations 
are changed according to varying conditions, and 
they provide a reasonable level of protection 
against noncompliance with the standards. 

Depending on the water year cIassScation1, com- 
plying with Decision 1485 water quality standards 
and fishery flows requires from 3.0 to 5.5 million 
acefeet annually, as measured by the Delta Out- 
flow Index. 

Because of Delta hydraulic characteristics, some 
standards are managed more efficiently through 
export curtailments; others are managed more 
efficiently through flow increases. For example, 
the Contra Costa and Jersey Point standards are 
managed more efficiently by export cwhhents .  
While complying with these standards, CVP and 
SWP operators also target a Delta Outflow Index 
and salinity levels in the western Delta These 
levels are expected to provide a reasonable margin 
of error against noncompliance with Decision 1485 
should adverse or unforeseen conditions arise. 

In typical or full delivery years, a mrtaihent at 
Tracy Pumping Plant will likely adversely affect 
CVP water supply availability south of the Delta. 
During such times, the SWP usually makes short- 
term curtailments, because its ability to recover 
from such curtailments is significantly greater than 
that of the CVI! 

In contrast, the Decision 1485 Emmaton water 
quality standard is more efficiently managed by 
flow increases. In most instances, salinity levels at 
Emmaton react proportionately to increases in 
flow in the Sacramento River along Sherman 
Island, where the Emmaton recorder is located. 
Closing the Delta Cross Channel increases flow in 
the Sacramento River and reduces flows in the 
lower San Joaquin River. Without additional out- 
flow water, reverse flows on the San Joaquin side 
of the Delta result in increased salinity in the 
central and southern Delta For this reason, the 
Delta Cross Channel gates can usually be closed 
for only a day or two before water quality on the 
San Joaquin River side of the Delta begins to dete- 
riorate. 

Another way to increase flows on the Sacramento 
River is to increase releases from the CVP and SWP 
reservoirs. Approximate lag times for releases 
from the two projects to reach the Delta are shown 
below. 

Dam River 
Nimbus (Folsom) American 
Oroville Feather 

1 day 
3 days 

Keswick (Shasta) Sacramento 5 days 

1 Decision 1485 defines water year classificatiolls. 
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In a typical water year, releases may be increased 
simultaneously on all three rivers. The largest 
initial release inaease would be on the American 
River. l'hen, as inaeased releases in the Feather 
and Sacramento rivers reach the Delta, the Ameri- 
can River release would be decreased accordingly. 

Winter-Run Chinook Salmon 
Biolodcal Oninion 

On February 12,1993, the National Marine Fisher- 
ies Service released the Biologicnl Opinion for the 
Operation of the Federal Central Valley Project and the 
Caljrbmtr State Water Project, concerning Saaatnento 
River winter-run Chinook salmon. The opinion 
contains "reasonable and prudent alternatives" to 
be implemented by the Bureau of Reclamation, 
Department of Water Resources, and other agen- 
cies to avoid jeopardizing winter-run Chinook 
salmon in the long-term operation of the water 
projects. It also contains an "incidental take" state- 
ment with terms and conditions to monitor and/or 
minimize the incidental take of winter-run Chi- 
nook salmon Actions identified in the reasonable 
and prudent alternatives and in the reasonable and 
prudent measures in the incidental take statement 
are discussed below. 

Reasonable and Prudent Alternatives 

Actions 1-6 concern the Shasta/Trinity and Sacra- 
mento River Divisions of the CVF. 

1. The Bureau must make its February 15 fore 
cost of deliverable water based on estimates of 
precipitation and tunoff at least as conserva- 
tively as 90% probability of exceedence. Sub- 
sequent updates of water dellvery 
commttments must be based on at least as 
conservative as a 90% probabllity of ex- 
ceedence forecast. 

The purpose of this action is to reduce the risk of 
adverse temperature conditions for winter-run 
salmon on the upper Sacramento River that might 
be caused by an overcommitment of water due to 
a forecast that is too high. This action, because of 
its conservative nature, may affect the forecasted 
capability of the CVP to meet other system de- 
mands and may present conflicts with meeting 
possible demands for delta smelt. 

Chapter 2 

2. The Bureau must rnalntaln a minimum end-of- 
water-year (September30) canyover storage in 
Shasta Reservoir of 1.9 million acrefeet. 

The purpose of this action is to assure the mainte- 
nance of a cold-water pool in Shasta Lake to meet 
temperature requirements on the upper Sacra- 
mento River. This action reduces the capability of 
the CVP to meet other system demands and may 
pmsent conflicts with meeting possible demands 
for delta smelt. 

3. The Bureau must malntaln a mlnlmum flow of 
3,250 cfs from Keswick Dam to the Sacramento 
River from October 1 through March 31. 

The purpose of this action is to provide for safe 
rearing and downstream passage and to protect 
against the stranding of juvenile winter-run Chi- 
nook. This condition may require a redistribution 
of releases from storage in Shasta Lake, thereby 
creating conflicts with other demands, but it is 
difficult to assess its potential impact. 

4. (This condition specifies the rates at whlch 
changes to releases from Keswlck Dam are to 
be made.) 

The purpose of this condition is to prevent strand- 
ing of juvenile winter-run Chinook salmon. This 
condition will not affect delta smelt. 

5. The Bureau must rnaintaln dally average I 
water temperature In the Sacramento River at 
no more than 56'F within the wlnter-run Chlnook 
salmon spownlng grounds below Kewick Dam 
as follows: 

(Four conditions specifying temperatures and 
locations.) 

The February 90% exceedence f0~ecOSt of run- I 

off, or an exceedence forecast at least as con- 
servative, must be used to determine the 

I 
operational envlronrnent and associated tem 
peruture compliance points. Any modifications 
to the February allocation must comply wtth the 
above requirements. 

The purpose of this condition is to prevent mortal- 
ity to winter-run Chinook salmon eggs and pre- I 
emergent fry by providing water temperatures 
below 56'F at specified points on the Sacramento 
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River. This condition is a companion to Condition 
2 and essentially requires that Shasta Resenoir be 
held at higher levels than would otherwise be re- 
quired. This condition will reduce the capabiity of 
the CVP to meet other system demands and may 
present conflicts with meeting possible demands 
for delta smelt. 

6. Pursuant to the following schedule, the gates 
of the Red Bluff Divedon Dam rrmst remain In 
the ralsed posmon to provide unimpeded u p  
streamanddo~eampossageforwlnter-run 
Chlnook salmon. 

(Schedule for gate openings.) 

NMFS wlli review proposals for intermtttent gate 
closures of up to 10 days one time per year on 
a casebycase basis. 

The purpose of this condition is to reduce the 
adverse effects to the upstream and downstream 
passage of winter-run Chinook salmon caused by 
operation of Red Bluff Diversion Dam. This condi- 
tion will not affect delta smelt. 

Actions 7-13, concerning the Delta Division of the 
CVP and the S W ,  are discussed below. 

7. The Bureau must maintain the Delta Cross 
Channel Gates in the closed posfflon from 
February 1 through April 30 to reduce the diver- 
slon of juvenile winter-run Chinook salmon emi- 
grants into the Delta. 

The purpose of this action is to improve overall 
survival of the winter-run migrant population by 
reducing the number of fish exposed to adverse 
conditions in the central Iklta. Sampling indicates 
that February-April is the primary period of 
winter-run emigration through the Delta. This 
action will reduce flow in the lower Mokelumne 
River and lower San Joaquin River and, theref >re, 
QWEST. 

8. Based on the obsenrations of a real-tlme 
monitoring program in the lower Sacramento 
Wer, the Bureau must operate the gates of the 
M a  Cross Channel during the period of Octe 
ber 1 through January 31 to mlnlmhe the diver- 
sion of jwenlle winter-run Chinook salmon into 
the central Detta. The Bureau must develop the 
real-time monitoring program and fisheries 

criteria for gate closures and openings In coor- 
dlnatlon wlth the National Marine Flsherles 
%Nice, U.S. Fish and Wildlife Servlce, California 
Department of Flsh and Game, and the Calk 
fornla Department of Water Resources by 
A u w  1. 1993. The Bureau mclst ensure that 
continuous real-the jwenlle Chinook salmon 
tmnltorlng Is conducted between October 1 
and January 31 of each year commencing In 
1993. 

Monitoring for winter-run Chinook will not 
directly aid delta smelt. To the extent that such 
a monitoring program will indirectly collect in- 
formation about the presence and distribution of 
delta smelt, it will contribute to the body of knowl- 
edge on delta smelt. 

9. Based on 14day runnlng average of QWEST 
in cfs, the Bureau and the Califomla Depart- 
ment of Water Resaurces must operatethe Detta 
wuter export facilities to achleve no reverse 
flow in the western Delta from February 1 
through AprU 30. The 7-day runnlng average, 
if negative, must be wtthln 1.000 cfs of the 
appllcable 14-day runnlng average during this 
period. 

J3minating reverse flows in the western Delta in 
February-April may reduce losses of winter-run 
juveniles in the Delta As discussed in Chapter 5, 
the influence of reverse flows on survival of delta 
smelt and other species is inconclusive. 

10. Based on the 14day runnlng average of 
QWEST In cfs, the Bureau and the Californla 
Deparhnent of Water Resources must operate 
the Delta export water facilities to achieve flow 
In the western Detta greater than negatlve 
2 W  cfs from November 1 through January 31. 
The 7day runnlng average, if negatkre, must be 
wtthln 1 MX) cfs of the appllcable 14-day rurk 
ning average durfng this period. 

Maintaining lower reverse flows in the lower San 
Joaquin River may reduce losses of juvenile win- 
ter-run pre-smolts from October through January. 
The effect of this standard on delta smelt, although 
not well understood, is dis<sussed in Chapter 5. 

1 1. Continue and expand monitoring of winter- 
run Chlnook salmon In the lower Sacramento 
River and SacramenteSan Joaquln Delta: to 
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establish their presence, resldence time. and 
serve as a basts for the real-time management 
of Delta Cross Channel gate operotlon. 

Monitoring for winter-run salmon will not directly 
aid delta smelt. To the extent the monitoring will 
indirectly collect information about the presence 
and distribution of delta smelt, it will contribute to 
the body of knowledge on delta smelt. Incidental 
capture of delta smelt in the FWS Chipps Island 
salmon trawls and other fish sampling programs 
may be sufficiently high to adversely impact the 
population. 

12. The Bureau In coordination with the Contra 
Costa Water DLsMct must develop and Imple- 
ment a program to monitor entrainment loss of 
winter-run Chinook salmon juveniles d the Rock 
Slough intake of the Contra Costa Canal. 

A program to monitor winter-run salmon at the 
Contra Costa Canal is underway. Monitoring for 
delta smelt is required by a biological opinion for 
the Los Vaqueros Project. 

13. The Bureau and Department of Water 
Resources In cooperation with Californla D e  
partrnent of Water Resources (actually meant 
DFG) must monitor the extent of lncldental take 
associated with operutlon of the Tracy and 
Byron (Banksl pumplng facllttles. 

The Bureau of Reclamation and DeparWent of 
Water Resources have instituted measures and 
procedures to better monitor for winter-run 
salmon and delta smelt at CVP and SWP facilities. 

Reasonable and Prudent Measures 
in the Incidental Take Statement 

Measures 1-8 concern operation of the Shasta, 
Trinity, and Sacramento River division. These 
actions will not directly affect delta smelt. 

Measures 9-13 concern CVP and SWP Delta opera- 
tions. 

9. The DWR and the Bureau are authorized to 
take up to 1 percent of the estimated number 
of out migrating smol winter-run lncldental to 
the operotion of the Delta pumplng facW85 d 
Byron and Tracy. 

I 

In 1993, these incidental take limitations signifi- 
cantly reduced the export capability of the water 
projects, particularly the SWF! (In 1993, exports 
were reduced by 525,000 acm-feet due to winter- 
run smolt take at SWP facilities.) This will reduce 
incidental take of delta smelt, particularly in 
winter and summer. The potential effect of export 
reductions on delta smelt is dimmed in Chapter 5. 

lo. The California Department of water R m c S  
In coordination (with) the Bureau must develop 
and Implement a program of Chinook salmon 
lnvesflgations at the SuIsun Marsh Saltnily Con- 
trol Structure and withln Montezurna Slough. 

The Department of Fish and Game has continued 
a sampling program to monitor and assess the 
effects of Montezuma Slough gate operations on 
juvenile and adult salmon migration and preda- 
tion levels near the gates. This program was a 
permit requirement for construction and operation 

I 
of the salinity control gates under the Suisun 
Marsh Plan of Protection, which is coordinated 
between Water Resources and the Bureau of Recla- I 
mation. 

11. The Bureau and Californla Department of 
Water Resources must ensure that the fish col- 
lection facflitles are fully staffed for monitoring 
lncldental take and the screens fully operated 
whenever Tracy and Banks purnplng plants are 
in operatton from October 1 through May 31. 

CVP and SWP fish collection facilities are fully 
staffed, and screens will be operated in accordance 
with the agreed salmon criteria. Salvage proce- 
dures used during the 1993-94 season we= devel- 
oped by the Interagency prop& work group on 
winter-run loss, salvage, and monitoring. These 
procedures were in place October 1, 1993. Fish 
facilities operation is critical for compliance with 

--- - 

1 The! &gency Ecological for the Saccamento-s an ~oa~uin  Estuary was f o n d  in 1970 as the 
Jntera cy Ecological Study Program for the SacramenbSan Joaquin Eshrary. In 11994, member a w e s  are I 

the&miaDepMnentof WaterResoums,US. Bureaud~tion,CalifomiaDep.rtmentof~'hnd 
Game, US. Fish and Wildlife Service, US. Geological Survey, State Water Resources Control Boatd, US. Army 
Corps of Engineers, and US. Envimmmental Protection Agency. 
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take limitations for winter-run Chinook salmon 
and delta smelt. 

12. The Bureau In coordination with the Calk 
fornla Department of Water Resources must 
develop and Implement a demonstration 
scrwnlng program designed to promote the 
advancement of state-of-the-art positive- 
barrier screening technology at small un- 
screened dhrerslons along the Sacramento 
River and within Delta waterways. 

The Bureau of Reclamation sponsored a screening 
workshop in spring 1993. A fish screen demonstra- 
tion program has been implemented, and Water 
Resoufies is testing a rotating drum screen for 
agricultural diversions as part of the Interagency 
Program agricultural diversion studies. 

13. The Bureau In coordination with the Cali- 
fornia Department of Water Resources must 
submit dally, weekly, and annual reports to the 
Natlonal Marlne Asherles Servlce regarding 
operation of project facilities, temperature and 
hydrological conditions, and the results of 
monitoring program. 

Reporting procedures are in place and data are 
routinely transmitted to the National Marine Fish- 
eries Senrice, Fish and Game, and Fish and Wildlife 
Service, as appropriate. 

14. The Bureau must establish a working opere 
tions and management group that includes the 
National Marlne Flsherles Servlce to address the 
Implementation of the reasonable and prudent 
alternutbe. 

The operations and management group was con- 
vened in June 1993 and will continue to meet as 
necessary to consider issues involving implemen- 
tation of the reasonable and prudent altemative. 

15. The Bureau, In coordlnatlon wlth Water 
Resources, must develop new sampllng and 
analytkxl rnethodologlesfor estimcrtlng winter- 
run Chinook salmon salvage and loss numbers 
at the fish collection facUffles thot is acceptable 
to the National Marine Flsherles Service. 

The Bureau of Reclamation and Water Resources 
have adopted procedures for estimating winter- 
run salvage and losses based on recommendations 

by the loss, salvage, and monitoring work group. 
The procedures have been reviewed by Fish and 
Game statisticians. Sampling and analysis may be 

I 
limited by the scarcity of winter-run Chinook, by 1 uncertainties inherent in their identification, and 
by factors used to expand observations to esti- 
mated losses. Experience and further experimen- 
tation may help resolve some of the uncertainty. 1 

16. The Bureau must develop. In consuitation 

winter-run Chlnook population model that can 
be used to evaluate the longterm effects of 
CVP operatkm plans on thewlnter-run Chlmk I salmon sunrival and recovery. 

Several salmon population models exist, but none 
specifically for evaluating the effects of CVP/SWP 
operations on winter-run Chinook 

I 

Delta Smelt Biological Opinion 
I 

On February 4,1994, the Fish and Wildlife Senrice 
released a biological opinion, Formal Consultation 
on the Operation Central Valley Project and State 

I 
Water Project: on Delta Smelt. This opinion 
was the result of an October 5,1993, request by the 
Bureau of Reclamation for a formal consultation 

I 
pursuant to Section 7 of the Endangered Species 
Act. I 
This biological opinion addresses effects on delta 
smelt of proposed operations and planning of the I CVP and SWP from February 15,1994, to February 
15, 1995, which include modifications that will 
result from the long-term opinion for winter-run 
Chinook salmon. 

Remnable and Prudent Alternatives I 
The biological opinion established the following 
muonable and prudent alternatives. Each crite- 
rion is briefly described below, followed by a dis- 
cussion of how it was met in 1994. 

I 
(1) If.ansport and Habitat Flows 

(a) USBRDWR shall ensure that the 2-ppt Iso- 
halne is placed downstream of Colllnsville for 
at least one day between February 1 and June 
30 In a! but crfflcally dry years. In critically dry 

I 
years,the 2-ppt kohallne shall be placeddawn- I 
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stream of Collinsvllle for at least one day be 
tween April 1 and April 15. Table 30 (below) lists 
the required number of days that USBRDWR 
shall provide a mlnlmum of 6,800 cfs and/or 
12DW cfs outflow for the perlod beginning Feb- 
ruary 1 through June 30. The number of days 
requlred at each flow need not be consecutive 
withh the period specMed. In all water-year 
types, except for critically dry years, counting of 
days shall commence with placement of the 
2-ppt lsohaline at ColUnsville. In critically dry 
years, countlng of the required 18 days at 
12DW cfs may precede placement of the 2- 
ppt isohallne at Colnsville. In critlcally dry years, 
the requirement for outflows of 6,800 cfs shall be 
provided for a minimum period of 40 days start- 
ing between April 1 and April 15 and extending 
through June 30, once the 2-ppt isohallne has 
reached Collinsvllle. In all water-year types, the 
minimum number of days of 6,800 cfs and 
121300 cfs flows may be concurrent. 

This criterion was met in 1994, which was critically 
dry. Therefore, this criterion called for the 2-ppt 
isohaline to be placed downstream of Collinsville 
for one day between April 1 and April 15. This was 
accomplished April 1. The criterion also called for 
outflow of 6,800 cfs for 40 days and 12,000 cfs for 
18 days. Beginning April 1, the 6,800 cfs outflow 
was met for 43 days. Beginning February 1, the 
12,000 cfs outflow was met for 34 days. 

(b) The computation of sallnity at Collinsvtlie 
shall be based on a mean daily average elec- 
troconductMty at the Collinsville gage. The 2- 
ppt isohaline Is deflned to be met with a mean 
dally surface electroconductMty of 3.0 millisle 
mens/cm 

This method of computation was followed 

(c) Detta outflows Shall be cotry,uted from the 
dally Delta Oufflow Index as reported each doy 
by the 0PelatiOnS offices of the CWfm A 
mlnlmurn net Delta outflow of 3,500 cfs shall be 
malntalned from February 1 to June 30. 

This requirement has been followed. Mean Delta 
outflow has been 9,675 cfs (as of June 23) for this 
period; minimum daily Delta outflow was 3,699 cfs 
on June 16. 

(d) Wuter-year classifications shall be based on 
the f o r d e d  (90% probabmty of exceedence) 
Sacramento River Index as defined In M C B  
Decislon 1485. Decision 1485 defines a split clas- 
sification for water-year type based on agricuk 
tural, municipal and industrial, and fish and 
wildlife uses in years following a critical year. 
Since 1993 was not a critically dry year, this split 
classiffcation will not affect the designation of 
water-year type In this blologlcal oplnlon. DWR 
Bulletin 120 published forecasts wlll be used to 
initially classtfy the water year in February and 
to update the clossHication in March, AprU, and 
May. The May Bulletin 120 forecast will flnalke 
the classMcation of the water year. Until publC 
cation of the February Bulletin 128 forecast 
(about February 101, a preliminary forecast of 
the Sacramento River index will be used. If 
deemed acceptable by the Worldng Group 
(deflned in the Reporting Requirements sec- 
tion). a sliding scale (to allow a smooth transition 
between water-year types) will be developed 
and Incorporated Into the long-term biological 
opinion. In the event that the water-year clad- 
ficatlon changes to a wetter year, whlch 

Table 3a Minimum number of days that net Delta outflows of 6,800 ds and 12,000 cfs must be provided 
(based on Delta outRow fm D W  DAYFLOW for 19551 991). 

h Bebw 
Wet Normal Normal Dry 

6,soO d8 150 daa 114 days 108 days urn 
12,000 d8 1% days 85 w adays 18- 

Table 3b. Mmimum awrage San Joaquln River How (calculated at Vernalis) component of 
6,800 cfs and 12,000 cfs required flows listed in Table 3a 

h Bebw 
Wet N o d  Normal Dry 

Critically 

San Joaquii h Component 2000ds 2OOOds 1500ds 1200ds 800& 
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requires more days of compliance than remoln 
in the period, then the flow need only be main- 
talned to June 30. 

This requirement has been followed. There has 
been no agreement on a sliding scale, and that part 
of this criterion has not been adopted. 

(e) in the period beginning February 1 through 
June 30, a mlnlmum average San Joaquln River 
flow component as calculated at Venwlis and 
shown In Tabb 3b shall be provided In every 
water-year type for the number of days Indk 
cated In Table 3a. 

The requirement for 1994 was 800 cfs. Mean daily 
San Joaquin flow has been 1,874 (as of June 23) and 
midmum daily San Joaquin flow was 973 cfs on 
June 16. 

(0 The Flsh and Wlldlife Servlce recognhes that 
strict adherence to the required transport and 
habitat flows may not be reasonable and pru- 
dent under certaln adverse hydrologlc condl- 
tions, such as those experienced In the 1976 
and 1977 critically dry years. If, under adverse 
operational or hydrologic conditions, USBR and 
DWR determine that meeting these criteria 
would result In a conflict with protection of other 
threatened and endangered species, a cork 
fllct with the project's capability to meet r e  
quirernents, or otherwise requlre actions thd 
would not be reasonable or prudent, then USBR 
and DWR may immediately reinitiate consult- 
ation to determine appropriate rnodiflcations. 

This was not invoked in 1994. 

(g) tf monitoring Indlcates that the flows speck 
fled are not sufficient to transport detta smelt 
away from the southern and central delta and 
Into adequate r d n g  habitd, then the Work- 
ing Group will convene and recommend to 
project operators any actions thd may be a p  
propriate to protect delta smelt. Based on these 
recommendations, USBR and DWR will relnttiate 
section 7 consuttation. If It Is deemed necessary. 

Discussions of the delta smelt Working Group did 
not conclude that transport flows were inadequate 
and further consultations were not held. 

(2) San Joaquin River Transport Flows 

(a) USBR and DWR proposed operations shall 
ensure thut there will be a net positive flow In 
the lower San Joaquln River, as Indexed by the 
14day running average of QWEST, from Febru- 
q 1 through April 30. 

(b) tf mnltoring Indicates that adult delta s m t t  
are present (an average of one or more adult 
delta smelt at oil San Joaquln River sampling 
stations 802-912 and captured in any one 
month's sampling period) In the San Joaquln 
River or its tributary sloughs from January 
through March, USBR shall provide the following 
additional W a y  average flows at Vernalls for 
a W a y  period from April 1 through May 15: 
2,400 cfs in critical years, 2600 cfs in dry years, 
3200 cfs in below normal years, 3600 cfs In 
abovenormal years, and 5200 cfs In wet years. 
An amount of water sufficient to provide these 
flows through May 15 shall be held in storage 
until monloring shows that adult dela smelt 
were not present In the San Joaquin River or its 
tributary sloughs from January through March. 

Monitoring during 1994 did not indicate the pres- 
ence of delta smelt at levels that would have re- 
quired the specified flows. 

(3) Presence of Delta Smelt Upstream of the Con- 
fluence in July-August as a Result of a Late 
Spawning Period 

tf the summer tow-net survey shows that detta 
smelt are not found distributed In 3 of 7 Suisun 
Bay stations 405-515, 3 of 6 Montezuma 
Slough/Sacramento River stations 604-709, and 
3 of 5 north-central Delta stations 802-904, then 
the following measure shall be implemented. 
The Worldng Group and Management Group 
wtll convene, recommend and decide, respec- 
tively, what actions are appropriate to protect 
delta smelt larvae and j ~ e ~ i l e ~  In the San 
Joaquln River; and USBRpWR will relnltlate sec- 
tion 7 consultation If it is deemed necessary. 

Surveys to determine the distribution and age 
composition of the delta smelt population are un- 
derway concurrent with preparation of this biu- 
logical assessment. 
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(4) Suisun Marsh Salinity Control Structure 

DWR, In cwrdlnatlon with USBR, shall develop 
and Implement a program of investigations d e  
signed to evaluate the effects of operation of 
the Sulsun Marsh Salinity Control Structure on 
detta smelt. The lnvestlgatlons will seek to ad- 
dress the divedon rate of adult detta smelt into 
Montezurna Slough and predotlon at the con- 
trol structure. The proposed evaluutlon pre 
gram will be submitted to the Flsh and Wildllfe 
Service and the WorWng Group for review and 
approval by October 1,1994. lnvestlgutfons will 
be lnfflated durlng the spring of 1995. Durlng the 
Interlm, DWR wlll operate the gates only cs re- 
quired to meet existing Sulsun Marsh salinity 
standards. When not operating, the gates shall 
remain in the raised posttion. 

A study is being developed to evaluate operations 
on delta smelt. Until the study is completed, the 
gates will be operated only as fequired. 

Reasonable and Prudent Measures 

The Fish and Wildlife Service established the fol- 
lowing reasonable and prudent measures to mini- 
mize the impact of incidental take. 

(1). Improve sahlage operations at Tracy and 
Skinner fish protectlve facilities during the 
spawning Interval. 

DWR and DFG are planning and implementing 
fish facility operation evaluations and efficiency 
studies. USBR is also conducting efficiency evalu- 
ations of fish salvage at Tracy Fish Facility. Other 
cooperative studies are underway to evaluate sev- 
exidalternative release sites The s'tudies are mainly 
focused on whether existing sites have the poten- 
tial for harboring large predator populations that 
would be predators on the released fish There are 
also concerns that releak sites in this a m  may 
subject the salvaged fish (juvenile Chinook salmon 
in particular) to a second trip and subsequent 
jeopardy at the export pumps and that other sites 
farther downstream are more suitable. Other plan- 
ning work concerns access to electrical power, the 
physical arrangement of the facilities at the site, 
and security for the personnel. Permits will be 
required from the Corps of Engineers and State 

Lands Commission, as well as environmental docu- 
mentation for NEPA compliance. Construction 
costs for facilities at the site chosen are expected to 
be about $200,000. It is not expected that this site 
will be operational until 1998. In the meantime, 
USBR is planning to establish a temporary release 
site (with only limited facilities) that would be 
operational next year. 

The specified conditions concerning transport of 
salvaged fish have been met. 

(2) Minimbe take at the Tracy and Skinner fish 
protectlve facllltles. 

The 1994 (critically dry) incidental take limits for 
the CVP/SWP are listed below. Take limits are a 
14-day running average. 

February-March - 755 (fall midwater trawl x 0.7) 

April-June - 755 (fall midwater trawl x 0.7) 

July - 1,078 (tentative; fall 1993 midwater trawl) 

USBR and DWR modified project operations to 
accommodate these take limits. However, on May 
24 the 1-y average was exceeded, and on May 
27 the l a y  average went above 1,000. This ex- 
ceedance was due to a combination of pumping 
levels and unexpectedly high densities of delta 
smelt. Emergency meetings of the Working Group 
and the Management Group resulted in a modifi- 
cation of the take limit computation and estab- 
lishment of export limitations and outflow levels 
for June 1-14. Combined export pumping was kept 
below 2,000 cfs, and outflow was kept above 4,000 
cfs. On June 14, the 14-day average was 441. 

The July incidental take limit is based on the sum- I 

mer tow-net survey If results of that sunrey are I 
gmater than the mean of dry and critical years, the 
fall midwater trawl for the previtous year will be 
the limit, otherwise the limit is 300. Results of the 
summer tow-net survey indicate this value will be 
greater than the average, and the limit will be 1,078. 

(3) Mlnlmke take at the North Bay Aqueduct 
Intake on Barker Slough durlng the spawning 
Interval. 
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Monitoring took place every other day from Feb- 
ruary 11 to July 13, 1994. Delta smelt were first 
detected on April 16. Since the pumping restriction 
is effective for a minixnun of 2 weeks after pres- 
ence is detected, the pumping restriction extended 
continuously from April 16 to May 17. Sampling 
results are: 

-ins Days 8 13 14 
Days Delta Smelt 
Averaged 1/Station 3 1 0 

No additional water was necessary to meet west- 
ern Suisun Marsh salinity standards during 1994. 

(4) Minimhe take ut the Roaring River dlverslon 
In Montezuma Slough. 

In 1994, DWR initiated a program to collect veloc- 
ity data at the Roaring River Slough fish screen. 
The data willbe used to develop alternative opera- 
tion plans for this facility and the marsh facilities 

Month 

December 
Janrary 

February 
March 

Apfl 
May 
June 

it serves. A report covering this program is in 
preparation 

Q Minlmke take at Contra Costa Water District 
diversions. 

A pilot monitoring program was developed and 
begun. Reports have been submitted to the Fish 
and WJdlife Service. During this period aanuary 
1 through June 17,1994) only two delta smelt were 
caught. Diversions were not reduced as a result of 
these two fish 

T m  and Conditions 

The term and condition implementing xmsonable 
and prudent measure (1) is shown in an accompany- 
ing table (reproduced below). "Latest available", as 
used in the table,= the current year's or month's 
index value, to be updated with the next year's or 
month's value. An example would be the fall mid- 
water trawl index, sampled inSeptember-Ikce, 
where the 'latest available" value on December 1 
would be the additive value of September, October, 
andNovember. 

Wet, Abom-Normal, Bekw Normal 

100, if fall midwater trawl index is 0-250. 
200, if preceding fall rnidwater trawl index is 250-500. 
300, if preceding fall midwater trawl index is 500-1000. 
400, if preceding fall midwater trawl 'Mex is 1000.1 500. 
500, if pmdng  fall midwater bawl index is greater 
than 1500. 

Fall midwater trawl index (latest available) x 0.7. 

Previous yeat's fall midwater trawl index x 0.7 (the 
number may not be greater than 755) or 600, 
whichweer is greater. 

Pdous y d s  fall midwater trawl W or 600. Use 
greatervalueunlessthis~ssumnettow-net~y 
is less than mean of wet, abowwrmal, and 
belanmrmal years from 1959 to 1993, then use lesser 
value. 

Previous year's fall midwater trawl tndex or 300. Use 
greater valueunless this year's sumner tav-net sunrey 
is less than mean of wet, abmormal, and 
belowmrmal years from 1959 to 1993, then use lesser 
value. 

The lesser value of: (1) previous yeat's fall midwater 
trawl indsx; or (2) the latest value for Ms year's fali 
midwater trawl i n d e ~  but (3) the value cannot be less 
than 100. 

Dry, critical 

100, if fall mldwater bawl index is 0.250. 
200, if preceding fali mkhter trawl index is 250-500. 
300, il preceding MI midwater trawl index is 500-1000. 
400, il preceding U midwater trawl index is 1000.1 500. 
500, il preceding fall rnidwater trawl index is greater 
than 1500. 

Fall midwater trawl index (latest available) x 0.7 

Previous year's fall midwater trawl index x 0.7 (the 
number may not be greater than 755) or400, 
whichrrver is greater. 

Pdorrsyeal'sfau midwater trawl indexorm. Use 
lesservalue unless this year's summer townet suwey 
is gwter than mean dry and critically dry years, lhen 
use greater value. 

Previous year's fall midwater trawl index or 200. Use 
k s e r  value unless this )w's-r tow-net suwey 
is greater than mean of dry and criticaliy dry years from 
1959 to 1993, then use greater value. 

The greater value of: (1) 100, or (2) the latest value for 
this y W s  fall midwater bawl bdex. 
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Other terms and conditions implementing the rea- 
sonable and prudent measures have been detailed 
with the specific facilities and operations that are 
affected. 

Los Vaqueros Biological Opiniqn 

At the request of USBR, on September 9,1993, FWS 
released the Formal Consultation of E m s  of the 
Proposed b s  Vaqueros Resentoit Project on Delta 
Smelt. The Los Vaqueros project is being under- 
taken by Contra Costa Water District, and when 
completed, will be operationally integrated into 
the CVP. The biological opinion describes actions 
to be undertalcenby USBR and CCWD. The reason- 
able and prudent alternatives contained in the 
opinion generally relate to operation of Los Vaque- 
ros Reservoir, which has not been constructed. 
Only those reasonable and prudent alternatives 
and measures that have been done in 1994 are 
discussed below. 

(l)(c) A study plan to determine the presence 
of delta smett at the Old River and Rock Slough 
intakes shall be submitted to M I S  within 90 days 
of the issuance of thls opinion and the study 
commenced within 4 months of its approval by 
MIS. 

A pilot monitoring program began in 1994 to 
collect information and to determine the nature 
and scope of a long-term monitoring program, 
expected to begin in 1995. 

(l)(d) During the Interval January 1 to Au- 
gust 31, monitoring shall be undertaken to d e  
termlne an index for the abundance of delta 
smelt at current and future CCWD Intakes. 

A pilot monitoring program began in 1994 to 
collect infomation and to determine the nature 
and scope of 'a long-term monitoring program, 
expected to begin in 1995. 

(2)(a) CCWD shall collaborate with USBR to err 
sure that screening of the Rock Slough Intake In 
accordance with the CVPlA Is completed by 
October 1998. 

The monitoring program discussed above and the 
data collected will be used with other information 
to determine the feasibility and design of a fish 
screen at Rock Slough. USBR and CCWD are nego- 
tiating a cost-sharing agreement for the monitor- 
ing program and subsequent fish-screen studies. 



Chapter 3 

BASIC BIOLOGY AND LIFE HISTORY 
OF DELTA SMELT 

The biology and life history of delta smelt are not 
well understood for several reasons. First, they 
were not identified as a separate species until 1961, 
and confirming electrophoretic studies were not 
completed until 1993 (Stanley et a1 1993). Delta 
smelt were not specifically id&ed as a compo- 
nent of CVP salvage until 1980. Second, there have 
been many changes in the Bay/Delta ecosystem 
since the early 1960s, including introduction of 
predatory and competing species; the observed 
behavior and life history of the species may, thus, 
reflect adaptation to these changes and may not 
reflect its behavior under natural conditions. 
Third, based on prehnhary data from ongoing 
studies of sampling gear, the species may not be 
well sampled by gear currently used in a number 
of sampling programs. As a result, data about the 
distribution of delta smelt may not be entirely 
reliable. Fourth, delta smelt are highly sensitive to 
handling, and the standard mark/recapture stud- 
ies needed to estimate population size have not 
been performed. 

Basic life history is, however, reasonably well 
known. Delta smelt are euryhaline, with their dis- 
tibution apparently affected by outflow and re- 
lated entrapment zone phenomena. They spawn in 
tidally-influenced rivers and sloughs, with the 
spawning period beginning in December and end- 
ing in June, a strategy probably dictated by the 
highly variable hydrologic conditions in the water- 
shed. They tolerate a wide range of conditions such 
as temperature and &ty and utilize both shal- 
low-water and deep-water habitat. The species has 
relatively low fecundity and is a broadcast 
spawner; survival of (adhesive) eggs and larvae, 
therefore, is probably significantly influenced by 
hydrology at the time of spawning. 

Taxonomy 

Delta smelt have been described by Moyle et a1 
(1989) as follows: 

Delta smelt (Hypomesus transpacMcus) are 
slender-bodied fish that typically reach 60-70 
mm standard length (SU, although a few may 
reach 120 mm SL The mouth Is small, with a 
maxllla that does not extend past the mld-point 
ofthe eye. The eyes are relatively large, with the 
orbit width contained approximately 3-54 
times in head length. Small, pointed teeth are 
present on the upper and lower jaws. The first 
gill arch has 27-33 gill rakers and there are 7 
branchiostegal rays. The pectoral fins reach less 
than Wethirds of the way to the bases of the 
pelvic fins. There are 9-1 0 dorsal fin rays, 8 pelvic 
fin rays, 1012 pectoral fin rays, and 1517 anal 
fin rays. The lateral line Is Incomplete and has 
53-60 scales along it. There are 4-5 pyloric 
caeca. 

Uve fish are nearly translucent and have a 
steely-blue sheen to their sides. Occasionally 
there may be one chromotophore between 
the mandibles, but usually there Is none. 

Like other members of the Osmeridae family, delta 
smelt possess an adipose fin and have a distinct 
odor of cucumbers when fresh (Moyle 1976, Wang 
1986). 

Until 1961, the delta smelt was considered to be the 
same species as the widely distributed pond smelt 
(Hypomesus olidus). Under this assumption, pond 
smelt were introduced in 1959 from Japan into 
several California lakes and reservoirs as a forage 
fish for trout (Wales 1962). Delta smelt and pond 
smelt were first recognued as distinct species by 
Harnada (1961, cited by Moyle et a1 1989). The delta 
smelt retained It didus, while the pond smelt was 
renamed H. sakhalinus. A few years later, McAUis- 
tet (1963) determined that H. olidus was not present 
in California waters and named H t r a n s p e ,  
which he described as having California (H. t. trans- 
pacificus) and Japanese (H. t. nipponensis) sub- 
speaes. Further studies have shown these two 
subspecies should be recognized as distinct spe- 
cies: H. transpaczjlcus (delta smelt) and H. nippo- 
nensis (wakasagi) (Moyle 1980). Results from recent 
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electcophoRtic studies indicate that delta smelt 
and wakasagi are distinct species (Stanley et al 
1993). 

Life Cycle 

The delta smelt is a specie found only 
in the Sacrament** J m q d  E s t u ~ .  Much of 
the informationavailable on the lifehistory of delta 
smelt has been derived from the sampling Pr* 

described in Chapter 4 A simplified life 
cycle is shown in F i w e  17. Figure 18 is a peri- 
o&citY chart uu~trating the timing of each Life 
stage. 

Delta smelt commonly occur, p m b l y  in schools, 
in the surface and shoal waters of the lower reaches 
of the Sacramento River below Isleton, the Sari 
Joaquin River below Mossdale, through the Delta, 
and into Suisun Bay (Moyle 1976, Moyle et a1 1992) 
(refer to Figure 1). Addt delta smelt were present 
in bawl samples in Georgians Slough and the Sac- 
ramento River near INalnut Grove in1994 (Hansont 
Pen corn). Delta smelt have been found as far 
upsbeam on the Sacramento River as the mouth of 
the American River (Stevm et a1 1990). h high 
flow Years, delta smelt may &obewashedtemP* 
rarily into Sari Pablo Bay, as in the winter of1992-93 
@. S w m t  Pers corn ,  cited by Moyle ef a1 
1993). When not spawning they tend to c o r n -  
bate just upstream of the entrapment zone (de- 
scribed in Chapter 5; Moyle et a1 1989). When the 
entrapment zone is in Suisun Bay and both deep 
and shallow water exists, delta smelt are caught 
most frequently in shallow water (Moyle et a1 
1992). However, as described in Chapter 5, delta 
smelt geographic distribution is not always a 
function of outflow. 

Adults migrate in winter and spring from brackish 
water to fresh water, where they spawn from about 
February through June (Wang 1986). Ripe female 
smelt have been ~ 0 k t e d  as early as December 
and into April, but are most abundant in February 
and March (Moyle 1976). Data for 1989 and 1990 
indicates~awningoccurredfrommid-Februar~ to 
late June orJuly, with peaks in April and early May 
(Wang 1991). Past research indicates an almost 
complete spawning failure is possible in Some 

Basic Biolo~y and 

years @rkkih et al1950, cited by Sweetnarn and 
Stevens 1993). 

Wang (1991) suggests the long spawning season (at 
least 4 or 5 months) indicates delta smelt may 
spawn more than once during the spawning sea- 
son, or individuals may mature at different times 
and spawn only once. Based on findings by Moyle 
et a1 (1992, the latter may be more likely. Eggs 
removed from females collected in mid-January 
and early Mafih 1973 were about the same size in 
each ovary, indicating each fish probably spawned 
over a relatively short period. If delta smelt were 
multiple spa-=, eggs would be at stages 
of development and size Also, since cokctions 
were made a month and a half apart, individuals 
may mature at different times during the spawning 
season Recent histological analyses further sup- 
port this spawning theory, because .the eggs 
develop synchronously (S. Doroshov, pers comm, 
cited by Sweetnam and Stevens 1993). 

~ecent d-g efforts by BioSystems Analysis, 
Inc., and University of w o r n i a ,  Davis, indicate 
spawning success in the laboratory appears to vary 
depending on whether fish are captured early or 
late in the season. Gonadal development occurs 
from October to April, especially in March and 
April. Development is asymmetric, with the left 
gonad being considerably larger (Mager 1993). A 
ripe gonad may have 1,000-1,400 eggs. However, 
fertility and percent hatch ranged from zero to 80% 
and was poorer in late spring. In collections of 
adult fish, females were more common than males 
later in the spawning -on ( d - ~ p d )  (885% 
females, n=140) (Lindberg 1992). 

Moyle et a1 (1992) found no correlation between 
female length and Females of 59-70 - 
SLI ranged in fecundity from 1,247 to 2,590 eggs 
per fish, with an average of 1,907. Delta smelt 
fecundity is relatively low in comparison to long- 
fin smelt (Spin'&= thal&t&s), the other -- 
haline smelt present in the Delta, which has 
fecundity of 5,000 to 25,000 eggs per female (Moyle 
1976). 

Spawning has been reported to occur at about 
45-59'F (7-1SC) in tidally-influenced rivers and 
sloughs, including deadend sloughs and shallow 
edgewaters of the upper Delta and Sacramento 
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River above Rio Vita (Radtke 1968, Wang 1986). 
Evidence of some spawning has also been re- 
corded in Montezuma Slough and, more recently, 
in Suisun Slough (I? Moyle, unpubl data). How- 
ever, typical April-June water temperatures in the 
Delta are 59-70°F (15-23'C), which are higher than 
the reported spawning range. Initial results from 

UC-Davis provide an indication of environmental 
tolerances of delta smelt (Cech and Swanson 1993). 
The study found that although delta smelt tolerate 
a wide range of water temperahues (<SC to >25'C), 
warmer temperatures apparently restrict theiir dis- 
tribution more than colder temperatures. Post- 
hatch larvae of 5.0 mrn TL were collected in 1991 at 
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Figure 17 
LIFE HISTORY OF DELTA SMELT 

Adapted from Jones 6 Siokoe (1893). 
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Figure 18 
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73'F (228"C), while water temperatures for the 
previous 7-14 days at the same location were 69.5- 
70'F (20.8-21.TC). However, the larvae may have 
been spawned and carried in from an area of cooler 
temperatures (Sweetnam and Stevens 1993). 

Most spawning occurs in fresh water, but some 
may occur in brackish water in or near the entrap- 
ment zone (Wang 1991). The demersal, adhesive 
eggs sink and attach to hard substrates, such as 
submerged tree branches and roots, gravel or 
rocks, and submerged vegetation (Moyle 1976, 
Wang 1986). 

Laboratory observations indicate that delta smelt 
are broadcast spawners that spawn in a current, 
usually at night, distributing their eggs over a local 
area (Lindberg 1992, Mager 1993). The eggs (1.0 
mm) form an adhesive foot that appears to stick to 
most surfaces. Eggs attach singly to the substrate, 
and few eggs were found on vertical plants or sides 
of the culture tank (Lindberg 1992). Mager (1993) 
found that larvae hatched in 10-14 days under 
laboratory conditions, with absorption of the yolk- 
sac in 150 hours and of the oil droplet in 200 hours. 
Larvae began feeding on phytoplankton on day 4, 
rotifers on day 6, and Artemia nauplii at day 14 
They did best on a rotifer diet until day 10-15 but 
were not selective when fed a mixed diet. Little 
digestion was observed until day 8. Lindberg 
(1992) found that hatch occurred at 9 days, yolk 
absorption at 4 days post hatch, exogenous feeding 
at 45  days post hatch, and oil globule absorption 
at 10 days post hatch (at 1TC). 

Newly hatched larvae are planktonic and drift 
downstream near the surface in inshore and chan- 
nel areas to the upper end of the entrapment zone 
(Wang 1986, Moyle et a1 1992). In the laboratory, 
yolk-sac fry were found to be positively phote 
taxic, swimming to the lightest comer of the incu- 
bator, and negatively buoyant, actively swimming 
to the surface. The behavior of post-yolk-sac fry 
was more variable; they were more evenly distrib- 
uted throughout the water column (bulberg 1992). 

A recent study of delta smelt eggs and larvae by 
Wang and Brown (1994) suggests that spawning 
may occur from February through June, with a 
peak in April and May. From 1988 to 1990, Brad- 
ford Island was amajor spawning area. Delta smelt 
spawned farther inland in 1991, perhaps because 
of low flows. Key spawning areas in 1991 included 
the eastern Delta toward the Mokelumne River 
and Venice Island and the mid-Sacramento River 
area near Isleton. Spawning activity was also noted 
in the Mokelumne River and Cache Slough Slough 
habitat of the Delta appears to have been the most 
important nursery area from 1988 to 1991. Spawn- 
ing appears to have been more systemwide in 1993, 
including the San Joaquin River, Mokelumne 
River, and Montezuma Slough (D. Sweetnam, pers 
comm). 

Juvenile and adult delta smelt commonly occur in 
the surface and shoal waters of the lower reaches 
of the Sacramento River below Isleton, the San 
Joaquin River below Mossdale, through the Delta, 
and into Suisun Bay (Moyle 1976, Moyle et a1 1992). 
Growth is rapid through summer, with juveniles 
reaching 40-50 mm FL by early August (Radtke 
1966). Growth slows in the fall and winter, presurn- 
ably to allow for gonadal development. Adult 
smelt reach 55-70 mm SL in seven to nine months, 
and those that survive spawning may grow as 
large as 120 mm SL (Moyle 1976). Most delta smelt 
do not grow larger than 80 mm FL (Moyle et a1 
1992). The largest recorded smelt was 126 mm FL 
(Stevens ef a1 1990). 

Iangth/frequency distribution of the short life- 
span of delta smelt indicates most fish live only one 
year and die after spawning (Stevens et a1 1990, 
Moyle et a1 1992); however, some do apparently 
survive for two years (Moyle 1976). Recent cultur- 
ing work indicates that after spawning, males die 
off more rapidly in May and June (Mager 1993). 
Smelt larger than 50 mm FL become increasingly 
rare in March through June samples (Moyle et al 
1992), and by late summer, the young of the year 
dominate trawl catches (Moyle ef a1 1989). There is 
generally an abrupt change from a single-age adult 

1 cohort during spring spawning to a dominance of 
juveniles in the summer (Radtke 1966). 
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HISTORICAL ABUNDANCE AND DISTRIBUTION 
OF DELTA SMELT 

Several surveys have collected data on delta smelt as 
part of larger sampling programs. Some surveys 
f ~ o n s p e c i f i c ~ e s s u c h a s s t r i p e d b a s s o r  
salmon; others were designed to monitor fish popu- 
lations in specific areas During the past few years, 
sampling programs have been modified and ex- 
panded substantially to provide more information 
on delta smelt. . 

Information on delta smelt is included in databases 
from the summer tow-net survey, fall midwater 
trawl survey, Delta Outflow/San Franaxo Bay 
Study, Chipps Island trawl survey, beach seine 
survey, Suisun Marsh survey, and fish salvage op- 
erations at the SWP and CVP. Although these pro- 
grams were not designed to measure delta smelt 
distribution and abundance, the databases provide 
the best information available on delta smelt abun- 
dance, distribution, and trends. Each sampling 
program has relative strengths and weaknesses, 
associated with such factors as gear types (biases, 
net efficiencies), channel area sampled, seasonal 
timing of survey, and geographic area covered. 
Although the size of the delta smelt population 
cannot be accurately estimated from the available 
data, the data do provide indices of general popu- 
lation trends. Figure 19 shows trends in delta smelt 
populations as indexed by the seven databases. 
This chapter briefly describes each of the databases 
and the observed trends. 

Pre-CVP abundance and distribution of delta 
smelt is unknown, and pre-SWP information is 
based on relatively few years of data. In the highly 
altered Bay/ Delta ecosystem, delta smelt are be- 
lieved to utilize habitat from eastern San Pablo Bay 
(me) to the lower Sacramento and San Joaquin 
rivers. Their distribution within their overall range 
appears to vary significantly from year to year, 
a p p d y  influenced by hydrology and availabil- 
ity of food. 

Almost all indices of relative abundance suggest a 
substantial decline in abundance of the species 

begjnning in the late 19708, a l G g h  there have 
been apparent resurgences in the early 1980s and 
early 1990s. Smelt abundance appears to be lowest 
in dry periods, such as 1976/1977 and 1985-1992, 1 
and to rebound following and during wet periods, 
such as following 1978 and 1983. I 

The data from the seven indices have implications 
for CVP and SWP operations. First, they suggest 
that salvage at the pumps, an indicator of the in- 
fluence of pumps on delta smelt, is not consistently 
related to the other indices. For example, SWP 
salvage did not increase in 1993 as did most of the 
other indices. 

The change in distribution of delta smelt during 
dry and wet years has the potential to affect take I 
of the species at the CVP and SWP pumps. If delta 
smelt are concentrated in upstream areas in dry I 
years, as fall midwater trawl data suggest, then I 
there is opportunity for them to be taken at the 
SWP or CVP pumps. During wet years, when the I 
species appears to be more widely distributed due 
to better overall habitat conditions, take at the 
pumps may be reduced. 

Although the population trends suggested by the 
various abundance indices are generally consis- 
tent, there are several indications m the various 
indices that suggest estimates of abundance are 
being influenced by distribution. The relationship 
between distribution and take raises the issue of 
the significance of take. In years when most of the 
population is outside the influence of the project 
pumps, the small incidental take recorded may 
have an insignifhnt impact on the overall popu- 
lation. When improved conditions result in a 
broader distribution of the population and bring 
the delta smelt into habitat where they can be 
affected by the pumps, it is less likely that higher 
levels of take affect a significant portion of the 
population. -use the= are differences in the 
various indices of abundance, it is important to 
consider all indices in the evaluation of bends. 
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Fgum 20 
SUMMER TOW-NET SURW SAMPLING sms IN WE SACRAMEN~O-SAN JOAQUIN ESTUARY 

Summer Tow-Net Survey 

The Department of Fish and has conducted 
thetow-netsme~ ~~chsummersince1959 (except 
1967 and 1968), primady to provide m abundance 
index for young striped bass. About 30 sites in 
Pablo Bay and the Delta (Figure 20) are now Sur- 
veyed for five days at 2-week intervals from June 
until the average s* of Young bass, is 38 mm, in 
July or August. 

Although the tow-net survey was primarily de- 
signed to sample striped bass abundance, data 
have also been collected on other species, includ- 
ing delta smelt. N o  to five sampling have 
been completed each survey Year; for cons&tem~ 
the smelt index is based only on the first two 
sampling runs of eachyear. Mundmce hdices for 
each sampling run are calculated as the product of 
the total catch at each site and the estimated water 
volume (in acre-feet) for the Site divided by 1,000, 
a convenient scaling factor. A mean site index for 
the two sampling & calculated, with the an- 
nual Delta/Bbar~ index representing the sum of 
all sites (Stevens ef a1 1990). 

The tow-net index is considered one of the best 
measures of delta smelt abundance, becam it COV- 
ers much of the specie' habitat and represents the 

longest historical record However, the index may 
underestimate abundance in high flow years, when 
many fish are carried to San Pablo Bay (Moyle et a1 
1992). The study demonstrated that a tow-net 
caught relatively few smelt and may have pro- 
duced a u d  distribution of abundance. Also, 
some potentially i m p o m  habitat m& Ca& 
Slough is not sampled. To maintain survey conti- 
nuity with respect to the tides, stations 
we= not added for - such as Cache Slough. A 
larval purse seine has been added to the study to 
sample this area, but results are not yet available. 
Another concern is that the timing of delta smelt 
spawning varies (Wang 1991), so the size and asso- 
ciated catchability of young fish by the onset of 
tow-net sampling may change from year to year. 
Above-average mortality of early-spawned delta 
smelt could also result in anunderestimate of year- 
class strength (Dale Sweetnam, pers comm). 

~ e s ~ l t s  of the s-er tow-net surveys are s-- 
marized in Figures 21 and 22. Abundance indices 
vary considerably but values have generally re- 
mained low from the 1980s until 1993 (Figure 21). 
The 1993 index was the highest since 1982, and 
delta smelt appeared to be much more widely 
distributed than in recent years. The 1994 index of 
13 indicates levels have to 

m e  reduced population during the 
1980s appears to have been consistent throughout 
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Figure 21 
DELTA SMELT SUMMER TOW-NET INDEX, 1959-1 994 

the Delta and Suisun Bay (Figure 22), but declines 
may have occurred as early as the mid-1970s in the 
eastern and southern portions of the Delta. 

Fall Midwater Trawl Survey 

Since 1967, the Department of Fish and Game has 
conducted a fall midwater trawl survey to deter- 
mine ~ ~ u n d a m e  of stri~edbass and ~P&B. 
The survey area includes about 87 sites from the 
Delta to San Pablo Bay (Figure 23). Additional 
stations have recently been added to improve cov- 
erage for delta smelt, but they are not used to 
develop the index for delta smelt (Sweetnam1992)- 
Until 1980, the SWeY lasted from late S~~mmer 
through the following klarchbut now is from S~P- 
tember through December. No sampling was con- 
ducted in 1974 and 1979, nor in November 1969 
and SepteuIber and December 1976. A d d i t i d  
months were included in 1991, 1992 (January- 
March), and 1993 Uan~ary-AWWt) to increw 
sampling for delta smelt. 

Monthly delta smelt indices are calculated for 17 
subareas of the estuary as the product of the mean 
catch from each subarea and a weighting factor 
that is proportional to the estimated volume in 
each subarea. An annual index is calculated as the 
sum of monthly indices from each sub- from 
September through December. Missing data for 

1969 and 1976 were estimated from interpolation 
or extrapolation (Stevens et a2 1990). 

Abundance indices have also been developed us- 
ing the surface area of each site rather than the 
volume. The rationale was that delta smelt f re  
quently school near the water surface, so dividing 
by the total volume may not be an accurate indica- 
tion of abundance, p&&ly when sampling in 
-ow &anneb. However, indices based on 
m e  were similar to those developed by surface 
area, so the index remains based on volume @ale 
Swee-, DFG, pers corn).  

The midwater trawl provides one of the best in&- 
ces of smelt abundance because it covers most of 
the range of delta smelt. However, for several rea- 
sons, the index is not an actual measure of total 
population size. Samples are collected principally 
from higher-vel&ty, ed-1 areas and only 
during daytime, causing unq-tified levels of 
gear selectivity and sampling bias. As evidence, 
efficiency of the midwater trawl in catching delta 
smelt appears to change over the course of the year. 
Sweetnam and Stevens (1993) reported that the 
midwater trawl was about 26  times more effective 
at sampling striped bass than delta smelt in August 
1991 and 1.8 times more effective in Jan- 1992 
Hence, population size estimates based on the ra- 
tio of delta smelt t~ striped bass in the fall midwa- 
ter trawl were recognized by Stevens et a1 (1990) to 
be imperfect. Other potential sources of error in the 
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survey, including non-random distribution of sam- 
pling stations, tidal and temporal effects, patchi- 
ness in smelt distribution, and skewness and 
non-homogenous variations in the data, were re- 
viewed in detail by Bud (1994a). Although the 
midwater trawl data do not produce satisfactory 
estimates of stock size, calculated indices remain 
reasonable evidence of abundance trends (Sweet- 
nam and Stevens 1993). 

Results of the midwater trawl surveys are pre- 
sented in Figure 19. While indices have been highly 
variable, abundance was generally low from 1981 
to 1988. Except in 1992, there appears to be a gen- 
eral increase in abundance since 1988. This trend 
has culminated in the 1993 index, the sixth highest 
on record. Indices were also low in 1967,1969,1976, 

and 1977, but they rebounded more auickl~ than 9 1 . 
in the 1980s. 

The midwater trawl also indicates changes in 
population distribution Figure 24 presents distri- 
bution tiends for eastern Delta, lower San Joaquin 

I River, lower Sacramento River, Montenrma Slough/ 
Grizzly Bay, eastern Suisun Bay, and western 
Suisun Bay. In drought years such as 197G1977and 

I 
1987-1992, the population was concentrated in up- 
stream channels in the lower Sacramento River. In 
wetter years, the population was more broadly 
distributed, extending into Montezuma Slough/ 
Grizzly Bay, eastern Suisun Bay, and occasionally 
western Suisun Bay. Survey results from Septem- 

I 
ber 1993 are consistent with this pattern 

Figure 23 
FALL MIDWATER TRAWL SAMPLING sms IN THE SACRAMENTO-SAN JOAQUIN ESTUARY 

a Orfgtnal elriptad bas datbna 0 Mded delta mall slatbne. 
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Chipps Island Trawl Survey 

Year 

The Interagency Program's annual midwater trawl 
surveys at Chipps Island, in upper Suisun Bay, are 
primarily to capture released coded-wire-tagged 

1 salmon, but they also measure a b d a n c e  of out- 
migrating Chinook salmon The survey has been 
conducted in April through June since 1976. Num- 
bers of delta smelt captured incidentally in the 
trawl are recorded, allowing an index to be calcu- 

, lated based on catch per trawL The major deli- 
ciency with this index is that only one location is ' sampled, so the index is strongly affected by changes 
in delta smelt distribution. Hence, the significantly 
lower catch-per-trawl levels after 1986 (Figure 19) 
could be partly a result of a distribution shift dur- 
ing the drought. An additional concern is that data 
are from relatively high-velocity, midchannel 
areas, where delta smelt may not necessarily be 
abundant during April through June. A slight in- 
crease in abundance was noted in 1993. 

I I 
Figure 24 

MEAN CATCH PER TRAWL FROM THE 
FAU MIDWATER TRAWL SURVEY FOR SPECIFIC AREAS OF 

M E  SACRAMENTO-SAN JOAQUIN ESTUARY 
Soufa: Sweetnam and Sevens 1883. 

Delta Outflowl 
San Francisco Bay Study 

Since 1980, the Delta Outflow/San Francisco Bay 
Study of the Interagency Program has sampled 42 
locations from South San Francisco Bay to the 
western Delta. Catch per unit effort is calculated 
based on monthly 12-minute net tows. The survey 
is conducted year-round and reveals gross trends 
in fish and invertebrate abundance. This study 
collects both juvenile and adult delta smelt. 

A major drawback of delta smelt data collected in 
the Outflow/Bay study is that the area east of 
Antioch is not sampled, so an important part of the 
species' range is excluded. Hence, while Figure 19 
shows a dramatic decline in delta smelt during the 
1980s, the trend may be largely a result of an up- 
stream shift in distribution during the drought. 
Abundance levels appear to be improving, based 
on the 1992 and 1993 indices. 

Beach Seine Survey 

The Interagency Program has conducted a beach 
seine survey at 23 sites from the Delta and 
Sacramento River upstream to the mouth of the 
American River. Since 1977, surveys have been 
performed several times each month from January 
to April, May, or June. This survey samples low- 
velocity water near the shoreline rather than high- 
velocity, midchannel areas. This survey reflects 
the numbers of adult smelt, which select shallow 
water as they move upstream to spawn. However, 
20- to 30-mm juvenile smelt have also been taken. 
Results are consistent with general declines in the 
1980s followed by an increase in 1993 shown for 
other indices (Figure 19). 

Suisun Marsh Survev 

Under contract to Water Resources, students and 
staff at the University of California, Davis, have 
sampled the interior channels of Suisun Marsh 
since 1979. Otter trawl samples are taken monthly 
at a number of sites, including two in Montezuma 
Slough. An abundance index is calculated for delta 
smelt based on catch per tow ( F i p  19). This 
sampling program also may not represent trends 



Chapter 4 

in overall abundance. The decline in catch per tow 
in the 1980s is consistent with other surveys, al- 
though the trend may be partly due to an upsbeam 
shift in distribution during the recent drought. 
Like the other surveys, abundance levels increased 
in 1993. 

SWP and CVP 
Fish Salvage Operations 

Fish salvage data fram the SWP and CVP facilities 
provide a useful, long-term record for delta smelt 
juveniles and Howme, utility of data- 
base is limited because of inc-tencies in the 
taxonomic identification and enumeration of delta 
smelt. Salvage data before 1979 are particularly 
suspect because of identification and other data 
quality problem Also, the fish screens are rela- 
tively inefficient for fish less than 25 mm. The 
&tab- a also p&lypoor indicatom ofpopu- 
lation because salvage varies 
depending on mnal and sm in gee  
graphic distribution Annual variations in water 
expos =tes also the numb offish dive& 
and efficiencies of the fish salvage 
represent estimated deltasmelt collected at thefish 
screens, not losses of smelt to the water diversions. 
Nonetheless, salvage may provide an index of the 
timing and magnitude of losses. 

At the CVP, the annual salvage estimate was about 
45,000 delta smelt in 1979 and 1980, w h n  smelt 
spedes i d d a t i o n  began (Stev- & 1990) 
(Figure 25). Salvage increased to about 275,000 
delta smelt in 1981, and has been very low since 
1982, ranging from 2,000 to 34,000. 

Hlstorlcal Abundance and 

At the SWP, less than 300,000 delta smelt were 
salvaged in 1968 and 1969, the initial years of 
sampling (Stevens ef a1 1990). From 1970 to 1974, 
salvage ranged from about 300,000 to more than 
1 million delta smelt. Results from subsequent 
years am shown in Figure 25. Delta smelt salvage 
declined dramatically in 1977 (146,000) and 1978 
(238,000). Relatively few delta smelt have been 
salvaged since 1979. 

Kodiak Trawl Surveys 

Kodiak trawls we= used to sample for delta smelt 
to eval~ate the Rhti011ship between distribution 
and salvage at the pumps. ltesults from the Gem- - slough acoustic barrier study showed that 
the Ke trawl Was highly efficient for c a t w g  
a ~*b  of juvenile fish 

TO COmpaE the relative efficiencies of the tow-net 
a d  the Kodiak bawl, side-by-side comparison 
bawls were conducted O V ~  6 d w .  Rehinary 

that the K d a k  trawl appears to have a 
lowe detection limit; that is, it consistently catches 
fish in a ~ a s  where the tow-net did not. This aspect 
of the trawl is s i e c a n t ,  p a f i h l y  in light of 
the fact that recovery criteria for the species, cur- 
rent reasonable and prudent alternatives, and ~ 0 s -  
sibly future take provisions depend on the 
presence or absence of delta smelt at spedfic loca- 
tions. HOweveG further analytical and sampling 
work is needed to determine whether the Kodiak 
trawl is more efficient than the tow-nd on a catch- 
~er--tSffortbads. 

Comparative sampling is planned for early fall, 
and results should be available by late fall 1994. 
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YEAR 1 1 

Figure 25 
ANNUAL SALVAGE ESnMATES FOR DELTA SMELT AT THE CVP AND SWP FISH FACILITIES 

Data before 1878 are not included because of identHicafbn problem8 described In the text. 
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FACTORS THAT MAY INFLUENCE 
DELTA SMELT ABUNDANCE AND DISTRIBUTION 

The Bay/Delta and much of its watershed had 
been substantially modified before construction of 
the first CVP facilities in the 1940s -by mining; 
by dredging and fill, which resulted in loss of about 
90% of wetlands and riparian habitat in the water- 
shed; by over-exploitation of fisheries, resulting in 
extinction of several species; and by introduction 
of several exotic species. The impacts of the CVP 
and SWP, therefore, occurzed in a heavily altered 
ecosystem. 

In this complex and highly altered ecosystem, a 
number of factors may adversely affect delta smelt 
abundance and distribution. Although many of 
these factors are interrelated, they are discussed 
individually in this chapter. 

It is apparent that the two projects have had a 
significant impact on native aquatic resources, 
partly because of their direct impact on the hydrol- 
ogy of the central and southern Delta. Adug delta 
smelt are lost to predation and entrainment at the 
pumps; salvage operations have only limited 
success in reducing these losses. Early life stages 
appear to be particularly vulnerable to pumping 
because they drift into the zone of pump influence 
from throughout the Delta and because screens are 
not effective for these life stages. The extent of 
impact to early life history stages is not known 
because of difficulties in identifying delta smelt 
lep than 30 mm long. Whether entrainment, as 
estimated by salvage, affects abundance remains to 
be demonstrated statistically. 

There is evidence that oufflow and the position of 
the entrapment zone have an influence on abun- 
dance and distribution of delta smelt -probably 
through transport of eggs and larvae to Suisun Bay, 
improvement of habitat in the estuary, and related 
changes in food abundance. 

Other diversions, such as Contra Costa Canal, 
PGdrE's power plants, and in-Delta agriculturaI 
diversions, result in take of delta smelt in numbers 

comparable to or greater than the estimated take at 
the CVP and SWP pumps. To the extent that CVP 
and SWP take affects abundance, these other diver- 
sions may also be considered to have an impact on 
delta smelt. 

Predation and competition may affect delta smelt 
abundance, pparticularly that related to non-native 
species such as inland silverside, chameleon goby 
and striped bass. Evidence suggests these and other 
species are either direct predators or compete with 
delta smelt for food or habitat. 

kvels of phytoplanktonhave declined significantly 
over the period of delta smelt decline, and levels 
of primary food items (zooplankton) available to 
delta smelt have also changed. The impact of these 
changes has not been quantified. Concurrently, 
water transparency has increased, particularly in 
the spring in the southern, central, and northern 
Delta, where smelt could be subject to increased 
predation. 

Contaminants may have a significant impact on 
delta smelt abundance and distribution Levels of 
contamination determined to be lethal to juvenile 
Chinook salmon and striped bass have been found 
in some agricultural drainage; delta smelt are 
likely to be adversely affected by these high levels 
of contamination. 

Factors such as outflow and position of the 2-ppt 
isohaline explain (statistically) only about 25% of 
the annual variation in abundance indices for delta 
smelt, and stock-recruitment relationships also ex- 
plain a relatively small amount of the observed 
variation Therefore, it is probable that those fac- 
tors listed above have a significant role in delta 
smelt abundance and distribution In parti*, 
factors that c e v q  with year type, such as nutri- 
ent levels, water transparency, and concentration 
of toxins should be examined closely in developing 
management plans for protection and recovery of 
delta smelt. 
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Delta Outflow and the 
Entrapment Zone 

Delta oufflow is the amount of fresh water that 
flows past Chipps Island into Suisun Bay. Because 
it is not yet possible to measure directly, an index 
of Delta outflow is calculated using the inflow 
to the Delta; State Water Project, Central Valley 
Project, and Contra Costa Canal exports from the 
Delta; and estimated depletions of channel water 
within the Delta. Total Delta oufflow levels are 
shown in Figure 26. 

Outflow (and diversions) may affect the speed and 
direction of fish movement in and through the 
Delta. A reduction in transport time may adversely 
affect delta smelt, which spawn upstream and 
depend on currents to distribute their larvae 
throughout the nursery area. There is evidence 
that freshwater outflow may also influence the 
abundance and distribution of many other species. 
Outflow acts as a hydraulic barrier to reduce move- 
ment of salt upstream from the ocean. It also deter- 
mines the location of the entrapment zone. These 
factors are discussed below, beginning with a dis- 
cussion of the influence of hydrology on outflow. 

Effect of Hydrology on Outflow 

Delta outflow is influenced by both human activi- 
ties and natural occurrences. Human influences 
include Delta diversions, upstream reservoir regu- 
lation of water thughout the Central Valley, and 
upstream diversions and return flows. The major 
natural factors are Central Valley precipitation pat- 
terns, including both rainfall and snowpack, and 
corresponding runoff. 

The Sacramento River Index is a measure of unim- 
paired runoff for the Sacramento Valley. Figure 27 
shows the Sacramento River Index for 1967-1992 
and the long-term average for 1905-1992 The fig- 
ure reflects the variability of Central Valley hydrol- 
ogy over the last 26 years. Figure 28 shows that 

. recent years have deviated significantly from the 
long-term mean The late 1960s and early 1970s 
were somewhat wetter than normal, followed by a 
sharp decline during the 1976/1977 drought. The 
1980s and early 1990s show a high deviation from 
the long-term average, with exceptionally wet years 
(1982-1984) and extreme drought (1987-1992). 

Hydrologic variability is an uncontrollable part of 
any natural or regulated ecosystem. The 1980s and 

' 78  '80 '82  '84  '86 '88 '90 '92 
Water Vear 

AVERAGE MONTHLY TOTAL DELTA ~uTFLow, WATER YEARS 1978 TO 1992 
From the DAYFLOW Databsso 
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Figure 27 
SACRAMENTO RlVER INDEX 

UNIMPAIRED HYDROLOGY, 1967 TO 1992 
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Figure 28 
SACRAMENTO RIVER INDEX 

DEVl ATION FROM LONG-TERM AVERAGE, 1967 TO 1992 

early 1990s contain one of the wettest and one of 
the driest periods recorded in the Central Valley. 
The uncontrollable aspect of Delta hydrology must 
be recognized as a factor that determines and 
affects outflow and, therefore, could affect the 
abundance and distribution of delta smelt. 

It should also be noted that total outflow has two 
distinct components: regulated and mregulated 
runoff. Regulated runoff from Iesexv0i.r releases is 
generally limited to about 20,000-25,000 cfs due to 
gate capaaty and downstream channel capacity. 
The mregdated component is, therefore, respon- 
sible for outflows higher than about 25,000 cfs. 
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Delta Outflow 

Decreases in outflow during drought years have 
been reported to affect the abundance of a number 
of biological resources of the estuary (Armor 1992). 
Moyle and Herbold (1989) suggest that delta smelt 
benefit from moderately high flows, which place 
the primary rumery area in Suisun Bay However, 
Stevens and Miller (1983) and Moyle et a1 (1992) did 
not find any statistical relationship between delta 
smelt abundance indices and outflow. This indi- 
cates that if outflow does affect smelt abundance, 
the influence may be small relative to other factors 
in some or all years. 

Delta outflow does appear to have a strong impact 
on geographical distribution Stevens et ul(1990) 
showed that significantly more delta smelt were 
found west of the Delta when outflows W ~ I E  high 
As shown in Figure 29, the tow-net index for the 
first and second tow-net surveys of each year (sur- 
vey=l, survey=2 on the figure) in the Suisun Bay 
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Figure 29 
RELATIONSHIP BETWEEN THE PORTION OF DELTA SMELT 

POPULATION WEST OF THE DELTA AND 
LOG DELTA OUTFLOW DURING M E  S U M  MONTH FOR 

SUMMER TOW-NET SURVEY, 1959 TO 1988 
F o r ~ l m m b n n e d p e n e r d e e e s , ? = 0 . 7 4 b r ~ l  and 

? = 0.55 for survgr 2. 
Soram: Swmtnem and Stovens 1893. 



region increases directly with outflow. A similar 
trend is evident for the fall midwater trawl survey 
for September through December (Figure 30). 

Entrapment Zone 

The entrapment zone is a transient region of the 
estuary w b  fresh water and salt water *act 
to concentrate the level of suspended partidate 
matter. It is formed as fresh water flows down- 
stn?arn over the more dense, landward-flowing 
salt water, crating a circulation pattern that con- 
centrates particles such as sediment and plankton. 
An operational definition of either 2 @/an sur- 
face specific conductance or 2 ppt isohaline posi- 
tion (X2) is frequently used as an index of 
entrapment zone position, even though it is not 
strictly equivalent to the entrapment zone (Arthur 
and Ball 1978, Kimmerer 199%). 

Location of the entrapment zone is regulated by 
the interaction of tides, Delta outflow, and the com- 
plex bathymetry of the estuary, as well as mixing 
by wind in shallow waters (Peterson et al 1975, 
Arthur and Ball 1978). The entrapment zone has 
generally been located between Honker Bay and 
Sherman Island, but in extreme water years it has 
ranged from below Suisun Bay (wet years) to 
above Rio Vista (critical years). 

The entrapment zone provides habitat for species 
that reside in or nearby it. It may also serve as a 
food supply region for c o m e r  species such as 
fish The entrapment zone has been found to con- 
tain elevated concentrations of juvenile striped 
bass and some species of phytoplankton and zoe  
plankton (Arthur and Ball 1980). Dauvinand Dod- 
son (1990) provide evidence that rainbow smelt 
larvae feeding rates are higher in a similar region 
in the St. Lawrence estuary. It is not known if delta 
smelt feeding is also enhanced in this region. How- 
e~er,annualmeasuresof severalestuarinersames 
seem to be related to the positionof the entrapment 
zone in the es-. Jassby (1993) found statistically 
significant relationships between entrapment zone 
position and the abundance of phytoplankton and 
phytoplankton-derived carbon; survival of larval 
striped bass; and abundance of mollusks, mysids, 
Crangon shrimp, longfin smelt, juvenile striped 
bass, and starry flounder: Mechanisms for these 
relationships are not well understood. 
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1 Similar autocomelation problems may be p-t in other analyses in this report using abundance data. 
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Analysis of the salinity preferences using mid- 
water trawl data indicate that delta smelt distri- 
bution peaks upstream of the entrapment zone 
(Obrebski 1993). I t ' shdd be noted, however, that 
the distribution of delta smelt is fairly broad, par- 
titularly in years when abundance levels ane high 
@WR/USBR 1993). Evidence from the 1993 year 
class also demonstrates that salt field position does 
not necessarily regulate delta smelt distribution in 
all years. Jn late 1993 and early 1994, delta smelt 
were found in Suisun Bay region despite the fact 
that X2 W ~ S  located far upstream. Samples c01- 
lected in this area demonstrated that high levels of 
the copepod Eu@enuna were present, suggesting 
that food availability may also influence smelt dis- 
tribution. 

Although these results show that delta smelt is n o  
an empment m e  sp-t, thm is some 4- 
dence that their abundance may be correlated with 

Initial studiesby Obrebski (1993) found that 
position was weakly correlated with the fall mid- 
water trawl index. However, there was evidence of 
autocorrelation problems with the analysis, con- 
founding interpretation of results @WR/USBR 
1993). Autocorrelation oc- when errofs in the 
variables being analyzed are not independent and 
can result in erroneously high significance leveb.l 
Furthermore, significant correlations may or may 
not represent cause-and-effect relationships. 

m e  b l y  taus of autocodtion in the d a m  is 
stock-recruitment effects (discussed later in this 
chapter under "Spawning stock S i z  and year- 
Class Strength"). As evidence, Kimmerer (1992b) 
analyzed the same database and found that M was 
not significantly related to abundance when stock- 
recruitment effects were removed. 

~ h l d  (1994) used a -mhat -t approach 
to examine the r e l a t i a p  a h -  
and saltfield position. Figure 31 shows the number 
of days ~2 was in Suisun B~~ during F&-- 
J- midwater trawl abundance. T& &- 
tioarhip was reported to be significant at the 
~ 4 . 0 5  level (&,46), which qkir. relatively 
Little of the variation in abundance of delta smelt* 
me  relationship s iwcan t  at a 
lar level when log mfo-tion is performed to 
normalize the midwater trawl data, 
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Figure 31 
SPRING HABITAT EFFECTS ON DELTA SMELT RECRUITMEW 

To identify the areas in Suisun Bay that contributed 
most to the overall relatimhip, Herbold (1994) 
calculated separate correlation coefficients for 5- 

mches of the historical range (Sari Pablo Bay 
to Rio Vita) of delta Smelt. X2 was positively COr- 
related with dwndance between &Q- and 
CEPPS Island and negatively correlated' for all 
other mches (F~P 32). The reach from Roe IS- 

to Middle Ground was the only reach for 
which the ~ 0 d a t i 0 n  Was statistidy significant 
(~4.01). A similar d y * s  was performed to try 
to pinpoint the months of greatest sensitivity (Fig- 
ure 33)- comparison of  umber of days when = 
was in Suisun Bay to subsequent midwater trawl 
abundance showed that the comlationcoeffiaents 
peak in April, the only statistically significant 
month (p<0.05). Herbold (1994) noted that the 
analyses for individual mche~ p i w e  32) a d  
months (Fig~re 33) suffer fromautocorrelationsin 
time and space. 

The relationship between the number of days IC2 
was located in Suisun Bay versus abundance was 
tested by Fox (1994) for autocorrelation problems 
similar to those described by O b ~ b k i  (1993). F o ~ r  
a p p m h  were used: plots of the r e s i d d  Ver- 
sus time, calculation of a Durbin-Watson statistic, 
a Wald-Wolfowitz test on the miduals to deter- 
mine if serial p a t t m  were P m f  and a r- 
sion of the miduals versus a lyear lag of the 
residuals. Autocorrelation was not detected in the 
Herbold (1994) analysis using of the first three 
tests. The regression analysis indicated that if aut* 
correlation was present, it was very weak. 
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Anotherconcemisthatthevarianceinabundance 
increases dramatically as X2 is located farther 
downstream. When this occurs, the ordinary least- 
squares estimation technique violates regression 
rules, requiring amended statistical procedures 
(Fox 1994). This usually involves use of weighted 
least s~uares, with weights inversely proportional 
to the variance (Draper and Smith 1981). 

Factors That May Influence 

An alternative approach to at least avoid autocor- 
relation problems is to use grouped comparisons 
such as ANOVA methods. Jones and Stokes (1994) 
tested this technique by grouping log-transformed 
midwater trawl abundance data according, to fre- 
quency of location of February-June X2: years with 
X2 frequently downstream of Suisun Bay (San Pa- 
blo Bay to Carquinez Strait), years with X2 most 
frequently in Suisun Bay, and years with X2 most 
frequently upstream of Suisun Bay. Abundance 
was sipficantly higher (p4.05) when X2 was 
frequently in Suisun Bay than upstream or down- 
stream. A similar analysis using log-transformed 
summer tow-net indices showed that abundance 
was significantly higher when X2 was frequently 
located in Suisun Bay versus areas upstream 
(p4.01), but no -ces were found between 
Suisun Bay and areas downstream. 

A "xesponse" analysis has also been conducted by 
Bud (1994b) to explore the possible relationship 
between delta smelt midwater trawl abundance 
indices and location of X2 This analysis displays 
the sequential "response" of the index as average 
February-June location of X2 changes from year 
to year as a line graph If the lines connecting 
sequential years in the response diagram form a 
detectable pattern, a consistent response to the 
independent variable is indicated. Although Bud 
found consistent patterns using this analysis for 
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figure 33 
CORRELAIONS IN EACH MONTH 

other species, none emerges for delta smelt (Fig- 
ure 34). The high variability in abundance when X2 
is between Honker Bay and Suisun Bay is appar- 
ent, however. 

To summarize, regression relationships between 
X2 and delta smelt abundance are confounded by 
nonhomogenous variance and perhaps to some 
degree by autocorrelation in the data. However, 
simple grouped comparisons using ANOVA 
methods suggest that increased residence of X2 
in Suisun Bay may contribute to significantly 
higher abundance. It must be emphasized, how- 
ever, that the response of delta smelt in this region 
of the estuary is highly variable and the predictive 
ability of the relationships developed to date is 
limited. This suggests that location of X2 may be a 
"necessary but not sufficient condition" for a high 
abundance index, but that other factors determine 
whether or not that opportunity is realized. A 
causal mechanism for the influence of outflow on 
delta smelt needs to be established before manage- 
ment efforts are implemented. 

Reverse Flow 

The magnitude and direction of flow through 
Delta channels are detemhed byidom, chamel 
capacities, agricultural diversions, SWP and CVP 
pumping, and especially tides. 'Itvice a dav, high 
tides push Delta water upstream. The intensity of 
tides varies within months and seasons. Although 
tidal flow is most pronounced in the western Delta, 
it is also significant in the interior Delta For exam- 
ple, flow over a tidal cycle during the summer can 
be hundreds of thousands of cubic feet per second 
in the western Delta, tens of thousands in the 
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Figure 34 

DELTA SMELT MIDWATER TRAWL ABUNDANCE INDEX VERSUS X2 LOCATION, 1967 TO 1993 
The a r m s  show the direction of change. If a pattern b present, the response lines should form a trend, such as a h e  or CUM. 

Location of X2 is shown as kilometen from the Golden Gate. 

central Delta, and thousands in the &tern Delta 
(Figure 35). If the tidal effects on flow axe removed, 
a net flow will remain that will affect the direction 
and distance a water molecule, plankton, and pos- 
sibly even small fish may move in the channel over 
an extended period if they remain suspended in 
the water column. 

The interaction between water diversions and in- 
flows can also affect the direction of flow in Delta 
channels. When inflow from upstream tributaries 
is insufficient to meet exports and agricultural di- 
versions, the pumps and siphons pull water from 
downstmm areas. This can intensify upstream 
tidal flow in some channels, and also cause net 
upstream or "reverse8' flows where they would not 
otherwise occur. Net reverse flows are most com- 
mon and -greatest in the southern and western 
Delta during summer and fall, when nearly all the 

CVP and SWP exports are drawn across the Delta 
from the Sacramento River (Figure 35). However, 
reverse flow can occur any time southern Delta 
diversions are higher than San Joaquin inflow. 

Because flow in the western Delta is usually domi- 
nated by tidal flow, net flow is difficult to measure 
dkt ly .  As a consequence, near1 all analyses of 
the effect of net reverse flow on kche ry resources 
have used a calculated value called QWEST as an 
index of net reverse flow in the lower San Joaquin 
River. QWEST is reported in the DWR DAYPLOW 
database, and is the sum of flows from the San 
Joaquin River, the eastside streams, and the Sacra- 
mento River through Georgians Slough and the 
Delta Cross Channel, xninus CVP and and exports 
from the southern Delta and 65% of net channel 
depletions in the Delta. Average monthly QWEST 
values for 1978 to 1992 are shown in Figure 36. 
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Figure 36 

AVERAGE FLOW PAST JERSEY POINT (QMST), WATER YEARS 1978 TO 1992 . 

F m  the DAYFLOW Database 

Effect of Reverse Flow on I Several analyses of delta smelt data did not indi- 
Delta Smelt Abundance 

The effect of net reverse flow on movement of fish 
and their food supply has been a concern since 
construction of the CVP and SWP in the 1950s and 
1960s. 

There is some evidence that net reverse flow might 
be a factor for juvenile striped bass and salmon 
smolts. Wendt (1987) found a weak inverse rela- 
tionship between QWEST and the number of 
young striped bass salvaged at Banks Pumping 
Plant in June and July. The F i  and W~ldlife Serv- 
ice (1992) also reported a weak relationship be- 
tween Q W M  and survival of salmon smolts and 
suggested the relationship could be partly due to 
increased entrahment of smolts with reverse flow. 
However, validity of the latter relationship has 
been questioned because a narrow range of flows 
was analyzed and calculated flows did not take 
tidal effects into account (Brown and Greene 1992). 

1 cate any apparent relationship between Q W M  
and smelt abundance indices or enbrainment at 
CVP or SWP facilities. The Department of Fish and 
Game used multiple regression analyses to exam- 
ine reverse flow and several other factors that 
could affect delta smelt abundance (Stevens et a1 
1990). The number of days that QWEST was nega- 
tive was used as the measure of reverse flow in the 
lower San Joaquin River. QQWEST was analyzed 
individually and in combination with other envi- 
ronmental variables to identify potential effects on 
the summer tow-net index (March-June variables) 
and fall midwater trawl index (Maxh-J~une, July- 
October variables). None of the analyses that in- 
cluded reverse flow as a variable explained a 
significant amount of variability in smelt abun- 
dance. 

Moyle and Herbold (1989) indicated that low delta 
smelt abundance indices (fall midwater trawl data) 
were associated with the number of days of nega- 
tive values of QWEST. However, their analysis 
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found no statistical association between delta 
smelt abundance and the number of days of re- 
verse flows. Nevertheless, they observed that 
years of high smelt abundance usually had posi- 
tive flow in the lower San Joaquin River and years 
of low smelt abundance usually had a higher num- 
ber of days of reverse flows. They concluded, 
therefore, that the frequency of reverse flow in the 
lower San Joaquin River was probably limiting 
smelt recruitment but that it was not a simple direct 
relationship. Furthemore, results of statistical 
analyses between reverse flows and smelt abun- 
dance axe confounded by both the inability to 
measure reverse flows and autocodations with 
other environmental variables. 

Moyle et al (1992) found that until 1984, water 
with 100 days of reverse flow wete sporadic 

and rarely occurred during the delta smelt spawn- 
ing season (February-May). From 1985 to 1989, 
reverse flows have characterized the lower San 
Joaquin River for more than 150 days of the year, 
and in every year except 1986, reverse flows have 
occurred for 15 to 85 days of the spawning season. 
An updated version of this analysis indicates that 
from 1990 to 1992 reverse flows continued during 
the delta smelt spawning season (Figure 37). 

Figure 37 
NUMBER OF DAYS OF REVERSE FLOW IN THE 

SAN JOAQUIN WER DURING WATER YEARS 1960 TO 1992 

Water Resoufies could not find a statistical rela- 
tionship between the number of days of reverse 
flow and the delta smelt midwater trawl index 
(1967-1992) or tow-net index (1959-1993). Regzes- 
sion analysis did not show a significant association 
between the annual occmence of reverse flow and 
the midwater trawl index (A0.12; n=24) or the 
tow-net index (r30.021; n=31). The association 
was also not significant between reverse flow dur- 
ing the major spawning period (February-May) 
and the midwater trawl index (h.12; n=24) or the 
tow-net index (A0.037; 1142). 

These relationships were also examined using 
Spearman's rank correlation test. No sigdicant 
correlation was found between annual occurrence 
of reverse flow and the midwater trawl index (r=- 
0.29; n=24) or the tow-net index (r=-0.19; n=31). 
Also, no significant correlation was found between 
reverse flow during the February-May spawning 
season and the midwater trawl index (-4.31; n=24) 
or the tow-net index (r=4.33; n=32). 

Viiual observation of the influence of water year 
type (critical, dry, below n o d ,  above normal, 
wet) on delta smelt abundance indices suggests 
that index values may be lower in dryer years than 
in about half the wetter years (Figures 38 and 39). 
However, Spearman's rank conelation test showed 
no significant correlation between water year type 
and either the midwater trawl index (-0.32; n=24) 
or the tow-net index (r=0.16; n=32). In addition, a 
comparison of indices grouped as dry or wet years 
found no significant difference between the mid- 
water trawl index (Mann-Whitney U; p=0.12, 
n=12) or the tow-net index (Mann-Whitney U; 
p4.47) of dryer years and those of wetter years. 

QWEST and Fish 'kansport C 
QWEST is being used as a regulatory parameter to 
limit movement of winter-run Chinook salmon 
and delta smelt toward the CVP and sWPpumps2. 
Use of QWEST is partly driven by the perception 
that transport of small fish is largely dictated by 
QWEST. I 
Moyle et al (1992) propose that reverse flows draw 
young fish to the export pumps from spawning I 

1 Awa- year begins October 1 and ends the following September 30. 
2 DiscussedinChapter2 
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Figure 38 
DELTA SMELT FALL MIDWATER TRAWL INDICES 

GROUPED BY WATER YEAR TYPES 

and nwsery areas in the central and western Delta. 
DWR egg and larval surveys suggest that at least 
some smelt larvae are transported into the south- 
em Delta past stations on Old River and North 
Victoria Canal (Spaar 1993a). 

Because of its possible importance, this issue was 
examined in further detail using simulation mod- 
els. As will be shown, QWEST does not appear to 
be an appropriate parameter to control transport 
and entrainment of young fish in the Delta. 

.Water Remutes -tly ewmined the importance 
of reverse flow as a transport mechanism using the 
DWR Particle Tracking Model (Chung and Smith 
1993). The model was developed to simulate how 
different flows are likely to affect the movement of 
neutrally buoyant particles at various locations in 
the Delta. The major processes simulated in the 
model under different flow conditions are advec- 
tion, dispersion, and channel braiding. 

Figure 39 
DELTA SMELT SUMMER TOW-NET INDICES 

GROUPED BY WATER YEAR TYPES 

The Particle Tracking Model used hydrology from 
the DWR statewide water simulation model, 
DWRSIM (Chapter 9), to develop general opera- 
tions criteria. For this analysis, Decision 1485 
standards and 1995 hydrology were used with 
three levels of QWESE 1,865,146, and -1,724 cfs. 
Delta outflow was held constant at 5,485 cfs 
throughout the simulation. Flow and velocity 
patterns were simulated using the DWR/RMA 
Delta Hydrodynamics Model (DWR 1992~). The 
fate of particles introduced at 19 locations was then 
examined using the Particle Tracking Model. 

The d t s  should be interpreted with caution, 
because delta smelt are not neutrally buoyant par- 
ticles. Indeed, recent studies by Laprise and Dod- 
son (1989) indicate that a related species, rainbow 
smelt (Osmmcs mordax), do not behave like passive 
particles and show vertical movement in the water 
column due to active migration. Larval fish main- 
tained their position in the estuary near the surface 
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during flood tides and near the bottom during 
ebbs. Differences were also observed in the distri- 
bution of larvae of different ages. The biological 
a d  m g m  implications of the behavior if 
found true for delta N e ,  
the model p-des an indication of 
p m ~  likely to affect fidr wts of a 
p ~ s e t o f m o d e 1 s i m u l a t i ~ a r e ~ -  
rized below. Additional studies are needed under 
a variety of conditions. 

~ i ~ h  sa- her flows *dy s&cw 
average daily velocity in the northern Delta but 
had little effect on average velocity in the west- 
em Delta. As a result, the effect of high flows 
on the transport process dimuushes . . rapidly as 
the flow approaches the western Delta. 
P d k S  in the interior of the heb W- e!Ik 
trained by and m Pumps and Wid- 
tural diversions despitehigh~*tive Q m  
values- msugV?Sthat Q m i s n o t  a good 
indicator of entIammalt 10SSeS in the interior 
delta It is conceiv*le that the export Pumps 
have a "zone o f i ~ u ~ e " ~  anda large percent- 
age of ~d* it likely to be en- * rQFdles of QWEST- Furher ~ ~ ~ o d e l  
studies are being designed to characterize the 
likely zone of influence at different tributary 
idowst export ~ u m ~ i n S  D e l t a c r o s s ~ l  
gate operations, Clifton Court Forebay gate op- 
erations, and consumptive uses 
Particles in areas west of ~d& were not 
gmuy m e d  by negative Q- (-1,724 
&), - m r  shows that Q- is not a 
good indicator of transport processes in the 
western Delta. However, additional studies are 
needed to examine the effects of differa\t con- 
ditions. 

Factors That May Influence 

Diversion and Entrainment 

life Stages of delta smelt are vulnerable to at- 
b&KlWnt in water dive~Si0IIS of the m, 
PGkEpowerg-tingplants,a-diver- 
lions, and indu8bkd diversions near Suisun Bay 
andthemfa 

The dkussion that follows addresses some of the 
variables that may explain enttainment. A better 
understanding of how entrainment of alllife stages 
is influenced by operations, by oufflow, and by 
0- fa~t01S is e s m  to f~I'InUlati~n of -On- 
able and ~mdent alkmatives. 

Conclusions about salvage of eggs, larvae, and 
juveniles are confounded by the difficulty in dis-- 
tinguishing between delta pond sm&, 
longfin smelt until they reach a total length of 
greater than 30 mm (I. Wang, pers comm). The 
discussion of take of early life stages should, there- 
f o ~ ,  be viewed with mutioh p&&ly a 
concern because take of juveniles is a major com- 
ponent of the salvage estimates for both the CVP 
and SWP, most take occurring from April through 
August and consisting of juveniles. 

Central Valley Project 

CVP facilities in the Delta include Tracy Pumping 
Plant, Contra Costa Canal, and the Delta Cross 
C M   the^ facilities are described in Chap- 
ter 2, and their possible effects on delta smelt are 
reviewedbelow* 

Pacy Pumpinx Plant 

The most apparent effect of the CVPis entrainment 
of fish at Tracy Pumping Plant. Delta smelt are 
eaten by redatory fish in front of and within the 
Tracy F' & Facility. Others are lost as they pass 
~ghthesclleensandduringhsuldlingandtnlck- 
ing in the salvage process. Losses of juvenile and 
adult delta smelt at the fish facility cannot be calm- 
lated with certainty, because there is no informa- 
tion for delta smelt pmnxning losses (predation 
rates) or on elficiemy of the lower saeens for delta 
smelt (Sweetnam and Stevens 1993). Estimates of 
annual delta smelt salvage and concerns related to 
the salvage data are p-ted in Chapter 4. 
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Several studies suggest survival of salvaged delta 
smelt is probably low due to the stress of handling 
and trucking. There was no amrival of 2330 delta 
smelt salvaged from June 22 to July 27,1989, and 
held at the SWP Byron growout facility (Odenwel- 
ler 1990). There was no indication of how long 
these smelt were held before they died. Initial field 
collectio~ls of brood stock to develop dturemeth- 
ods for delta smelt found most died within 48 
hours using various netting techniques (Lindberg 
1992). A modified purse seine technique was fi- 
nally successful, with 88% survival in Mardr 1992 
and 1047% survival in mid-April 1992 

Handling and transport mortality can be ~duced 
by cooling and reducing the sloshing of water 
during transport (Mager 1993). Stress-related han- 
dling and trucking mortality can also be reduced 
by adding salt to transport water. A solution of 
8 ppt reduces stress without causing problems for 
salt-intolerant species such as delta smelt (Mager 
and Cech, unpubl data). UntiI their response to 
stress is better understood and better handling 
methods are devised, losses can be expected to be 
high for smelt entering the CVP and SWP systems, 
and complete loss is a possibility. 

Although exact levels of delta smelt losses are not 
known, salvage and I d  data do indicate the tim- 
ing and relative magnitude of pmject impacts. Evi- 
dence from Tracy Fish Facility and from larval 
surveys are summarized below. 

Juveniles and Adults 

Salvage data (monthly averages) indicate entrain- 
ment of juvenile and adult delta smelt is usually 
greatest in spring and summer, reflecting the late 
winter-spring spawning season and growth and 
mortality of young-of-the-year fish (Sweetnam 
and Stevens 1993) (Figure 40). 

May through August appears to be a period of high 
salvage at the CVP, with a peak in May. Juveniles 
are usually collected from late February to August 
and adults from b b e r  through April (Fig- 
ure 41). The near-ripe condition of adults collected 

' from late December 1990 to April 1991 indicates 
they were salvaged during spawning migration 
(Wang 1991). In 1993, juvenile delta smelt were 
salvaged at the CVP in mid-May and again in late 
May through early July. 

Between 1979 and 1994, salvage in spring and sum- 
mer was lowest in 1983,1986, and 1993 (all wet 
years) and 1991 and 1992 (both critical years). An- 
nual salvage was highest in 1979,1981,1987; and 
1994 (all drought years) and 1984 (wet year). 

One factor that may influence the magnitude of 
enbhmnt among years of delta smelt is year- 
class strength. In years ,when delta smelt are more 
abundant in the system, entrainment losses could 
increase. One approach to examine this issue is 
to develop an index that incorporates yearclass 
stffngth. To achieve this end, salvage data for each 
cohort were divided by the summer tow-net index. 
As will be desaibed in detail for the SWP, two 
cohorts are present in the salvage data in late win- 
ter and spring.Yegr classes can be separated in 
salvage data using the assumption that during 
March through May, all individuals smaller than 
50 mm are juveniles. As an example of how the 
salvage data were corrected for yearclass strength, 
in June 1984 the summer tow-net index was 1.3 and 
5,866 juvenile delta smelt were salvaged (1984 co- 
hort), so the resulting index was 5,866/13 = 4,512 

In this discussion, the index is referred to as "en- 
trainment index" rather than "salvage index" to 
avoid confusion with actual salvage nwnbers. The 
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MONTHLY AVERAGE ESTIMATED DELTA SMELT SALVAGED 
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Entrainment indices from 1980 through early 1994 
are presented in Figure 42 Indices were low in 
most wet years (1980,1982,1983,1986,1993) and 
high in most drought years (1981,1985,1987-1990). 
This observation was tested statistically by sum- 
ming the indices for the period of peak salvage 
(March-August), then grouping the annual indices 
into "dry" (below normalcritical) and "wet" (wet- 
above normal) years. A t-test using log-transformed 
data through 1993 confirmed that "wet0'years had 
lower entrainment indices @<0.05), but the differ- 
ences were not significant using nonparametric 
methods (Man.-Whitney U-test, p>0.05). 

Delta Smelt Abundance and Dlstrfbution Chapter 5 

The high index in 1984 is the major exception to the 
obse~ation that entrainment is low in wet years. 
It appears that indices ma have been elevated in J 1984 as a result of unus outflow patterns. Peak 
outflow (>50poO cfs) occurred from November to 
January, followed by variable flow in February and 
Mar& Outflow dropped to much lower levels 
(dOpoO cfs) by April. By contrast, outflow was 
generally well above 20,000 cfs during April in all 
other wet years since 1980. Since spawning gener- 
ally peaks during April and May, the year may 
have been functionally "dry" for delta smelt. 

concept is similar to the loss rate index Fish and 
Game developed for striped bass (Kohlhorst rt PI 
1993). However, the loss rate index is based on 
calculated losses of striped bass, and the entrain- 
ment index for delta smelt uses salvage as an index 
of losses. By incorporating yearclass strength, 
both indices provide a relative measure of when 
impacts are likely to be greatest at the population 
l ed .  For example, losses are W y  to be more! 
d e b h n b l  to the population when elevated losses 
coincide with a weak year&. A possible bias 
with these indices is that the summer tow-net 
index may not completely rep- year* 
shngthbecause it may partly reflect some entrain- 
ment losses in the previous spring. The entrain- 
ment index also does not take into account seasonal 
changesin predation and saeeningefltdary, which 
could result in variation in salvage levels. Wlthout 
this information, actual losses and entrainment 
levels cannot be determined. 

The low indices in 1991,1992, and 1994, all cdcal  
years, are the major exception to higher entrain- 
ment in dry years. A possible explanation for 1991 
and 1992 is that delta smelt may have spawned 
early and coincidentally with major flow events. In 

both years there were at least thee outflow events 
greater than 25,000 cfs in February and Ma& 
These pulse flows may have been -ent to 
transport young delta smelt beyond the "zone of 
influence" of the pumps. As dkussed earlier in 
this chapter, a largenumber of d e l t a d t  remain 
downstream in the Suisun Bay region despite high 
salinity in later, drier months. Although other dry 
yean, (1981,1987,1989) had comparable pulses in 
February and March, outflow may have been 
poorly synchronized with delta smelt spawning. 
The lower indices in 1994 may have been a result 
of operating the project according to the 1994 biu- 
logical opinion Reduced exports to comply with 
take limits likely played a major role. Also, the 
relative e f k t s  of entrainment may have moder- 
ated by the presence of a strong year class in the 
system. An alternative explanation for all three 
years is that entrainmentmayhave occurredwhen 
smelt were too small to be effectively screened. 

Larvae 

Information on CVP entrainment of delta smelt 
larvae is available from the DWR Egg and Larval 
Entrainment Study for 1989 to 1993. Larval smelt 
entrainment was estimated beginning in 1989, 
when positive identification of all sizes of larval 
delta smelt became possible. Seven sites are sam- 
pled in the southern Delta (Sites 91-96,98) and five 
sites were added in the central Delta in 1992 (Sites 
930-934) (Figure 43). 

I .  general, delta smelt larvae may be present in the 
southern Delta from late February through early 
June, but occurrence may vary within this period 
from year to year. There is apparently little spawn- 
ing in this area. Fewer smelt = caught here and 
over a shortex seasonal distribution compared to 
areas of high abundance on the Sacramento and 
San Joaquin rivers. In 1992, no smelt larvae were 
caught at the southern Delta sites after April 12; at 
the central Delta sites, larvae were caught until 
June 7 (Spaar 1993a). Smelt larvae may have been 
present in the southern Delta during periods in 
April (18-26) and May (12-24) when bridge repairs 
rendered this ama inaccessible to the survey boat. 
Sampling continued in both the southern and cen- 
tral Delta into July. The average catch per unit 
effort of delta smelt larvae at the central Delta sites 
exceeded the southern Delta catch every month 
(Figure 44). 
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Similarly, delta smelt larvae were collected near 
the SWP intake on Max& 27 and near the CVP 
intake on April 8, 1993. They were collected at 
other southern Delta sites (91,95) between Wxh 31 
and April 6. No delta smelt were collected after 
April 8 in the southern Delta before or after the 
April 12 through May 20 sampling gap. In com- 
parison, they w m  collected at central Delta sites 
(930-934) from Mafih 2 through June 9. 

the projects entrain about the same magnitude of 
larvae (Figure 45, Table 2). The SWP enLrained 
about one-third more than the CVP during 1989 to 
1993. This is probably because the SWP intake is 
closer to the central Delta and because the CVP 
takes more San Joaquin water from upstream 
through Old River. Reverse flows in Old and Mid- 
dle rivers may transpofi l m e  to the southern 
Delta, but larvae are less abundant in the southern 
Delta .than in the San Joaquin River and central 

I I 

I Figure 43 
DELTA EGG AND LARVAL ENTRAINMENT STUW sms IN THE SOUTHERN DELTA AND 
AGRICULTURAL DIVERSION STUW EGG AND LARVAL SITES IN M E  CENTRAL DELTA 

Enhhmnt estimates for delta smelt larvae (less 
than 21-mm long) for the CVP and SWP indicate 

Delta. 
- 

L 
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Figure 44 
AVERAGE MONTHLY CATCH DENSITIES PER TOW OF 

DELTA SMELT LARVAE AT SOUTHERN AND CENTRAL DELTA 
EGG AND LARVAL SAMPLING SITES, 1992 AND 1993 

(tn l a m a  per cubic M*) 
~ o r s i l o e ~ ~ , r r m p ~ ~ o n ~ p s e , 1 8 9 0 .  

Figure 45 
ESTIMATED ENTRAINMENT OF DELTA SMELT LARVAE AT THE 

STATE WATER PROJECT AND CENTRAL VALLEY PROJECT 
DELTA FACILITIES, 1989 TO 1993 
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TaMe 2 
ESTIMATED ENTRAINMENT OF DELTA SMELT LARVAE, 

1989 TO 1993 
(In - OJ 

Year ' S W  CVP Total 

1 989 443 136 579 
1990 582 349 931 
1991' 24 17 41 
1992 554 645 1,199 
1993 126 75 201 
Total 1,729 1,222 2,951 

~~pltngbomApil16loll(ay28,1881,dApBl2loMay~l893, 
dustobs- 

Contra Costa Canal 

The Contra Costa Canal, owned by the Bureau of 
Reclamation and operated by Contra Costa Water 
District, is an unscreened intake at Rock Slough 
The canal draws 50 to W )  cubic feet of water per 
second from Rock Slough Contra Costa Canal and 
its operations are addressed in the September 9, 
1993 biological opinion (FWS 1993a). Larval losses 
would be expected whether the intake were 

Or not. 

The Department of Fish and Game began the Con- 
tra Costa Canal intake entrainment study in Janu- 
ary 1994. This year-round monitoring effort will be 
conducted every 2 days in February to May, every 
4 days in June/July and December/January, and 
once a week'in August/September. A sieve-net is 
used behind Pumping Plant 1 to monitor juveniles 
and adult fish. Aplankton net is used for eggs and 
larvae. From January 28 to June 17,1994, two delta 
smelt were collected in the sieve net during over- 
night sampling on March 23-24 and June 14-15. 
Loss estimates are not yet available for juveniles or 
adults. 

DWR egg and larval monitoring, which began in 
Rock Slough in 1992, caught larval smelt on only 
three days between February 20 and July 15 (Spaar 
1993a). Catch densities were: 

March 3 0.0082 l ~ d m ;  
March 11 0.0051 lawadm3 
April 8 0.0070 l m e / r n  



-- - 

1 There was no sampling from April 12 to May 20 due to boat problems. 
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Data for the same period in 1993~ indicate a total 
of six l d  smelt were collected on five occasions. 
Catch densities were: 

March 2 0.0038 lawadmi 
March 1 Q 0.0037 Iawadm3 
March 23 0.0047 larvadm3 
March 31 0.0037 larvae/m3 
April 6 0.0068 larvadm 

Entrainment was estimated to be about 7300 delta 
smelt larvae for 1992 and 13,000 for 1993. Entrain- 
ment was estimated using the same methodology 
as for the CVP and SWP intakes (Spaar 1988). A 
discussion of how larval entmhment is estimated 
is included in the North Bay Aqueduct portion of 
this section. 

Monthly enfminment densities of delta smelt lar- 
vae per acre-foot at the Contra Costa Canal were 
estimated from densities measured in Rock Slough 
and compared with monthly entrainment at the 
SWP and CVP for 1992 and at the SWP, CVP, and 
North Bay Aqueduct for 1993 (Figure 46). The 1994 
entrainment is not yet estimated. For 1992, delta 
smelt larvae were e n m d  in March at 7.91 lar- 
vae/acre-foot and in April at 8.68 larvae/acre-foot. 
These estimates may not be representative of ac- 
tual entrainment because of the location of the 
sampling sites from the actual intakes and the tidal 
influences at these sites. Entrainment density was 
higher than at the SWP and CVP in March, but 
lower than at sites in ~ ~ r i l .  For 1993, delta 
smelt larvae were entrained in March at 4.89 lar- 
vae/acre-foot and in April at 6-36 larvae/aae-foot. 
No 1 6  entrainment was estimated to have oc- 
curred in February or May-July, 1992 and 1993. 
Howevw no =pling o c d  from A ~ d  l2 to 
MY 20, lW3f due to e@~mmt Entrain- 
merit d m i v  very 8- at Rock s 1 ~ @ 1  the 
North A~educt,  md the SWP in but 
was higher at Rock Slough than at the other sites 
in April. 

Delta Cross Chmtnel 

The CVP Delta Cross Channel has two a foo t  
gates at the Saaarnento River to enhance transfer 
of water into the central Delta. Cross Channel op- 
erations could influence the upstream spawning 
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Flgure 46 
CALCULATED NUMBER OF DELTA SMELT ENTRAINED 

PER ACRE-FOOT FOR 
CONTRA COSTA CANAL (ROCK SLOUGH), 

NORTH BAY AQUEDUCT (BARKER SLOUGH), 
STATE WATER PROJECT, AND CENTRAL V A U f l  PROJECT 

migration of adult delta smelt or the do-- 
of 

Although not documented, dosure of the Delta 
Cross C-1 could provide acceptable spawning 
habitat similar to a dead-end slough, d e b  
smelt have been observed to spawn, or d-e 
c d d  i n t e r h  with by delaying 
migration 

The Delta Cross Channel is thought to declrease 
survival of larvae by making fish more vulnerable 
to SWP/CVP diversions in the southern Delta 
(DFG 1993a). However, Wendt (1987) found no 
relationship between the number of bass salvaged 
at Skinner Fish Facility and the amount of flow 



through the Cross ChanneL A similar analysis has 
not been performed for delta smelt, but a number 
of transport modeling studies using tracers1 sug- 
gest that closing the Cross Channel could reduce 
entrainment of larvae spawned in the Sacramento 
River (DWR 1993a). By contrast, fish spawned in 
the lower Sari Joaquin River system could be ad- 
versely affected because m the model closing the 
Cross Channel.reduces the ability of flow pulses 
to transport tracers to downsheam nursery areas 
(DWR 1993a). Given the conflicting xesults from 
these two systems and uncertainties about 
whether *Y apply to delta 4 the net 
effects are not known. It is posd'ble, however, that 
impacts depend on the distribution of spawning. 
Wang (1991) found that the S a m e  Riva was 
not i n m i v d ~  as a spawning a m  as the 

River in 1989 and 1990- BY contrast, 
Wag and Bmwn (Is3) that the lower and 
mid-Saaamento River was important habitat in 
lw1, indiahg that spawning location -ge 
mually Or hatching succasandlarvalmortalib' 
rates may change. 

State Water Project 

SWP facilities include Banks Pumping Plant, 
Clifton Court Forebay, North Bay Aqueduct, 
Suisun Marsh Salinity Control Structure, and 
South Delta Temporary Barriers. These facilities 
are described in Chapter 2 Their possible effects 
on delta smelt are reviewed below. 

Banks Pumping Plant 

The most appaFent effect of the W i s  entrakment 
of fish at Banks Pumping Plant. Delta smelt are 
eaten by predatory fish as they cross Clifton Court 
Forebay. Others are lost as they pass through Skin- 
ner Fish Facility and during handling and trucking 
in the s a l v a g e ~ m s .  Losses of@dandadult  
delta smelt at the fish facility cannot be calculated 
with c-5 because * is no information for 
delta smelt p m g  losses (predation rates) 
or on efficiency of the louver screens for delta smelt 

1 Smelt do not behave like tracers, but some of the same prc~~sses  ma appl . 
2 Handling a d  truDport losses are discusd under "Central ~ d e y  earlier in h i s  b P t e t t  
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(Sweetnam and Stevens 1993). Estimates of annual 
delta smelt salvage and concerns related to the 
salvage data are p-ted in Chapter 4 Survival 
of salvaged delta smelt is probably low due to the 
stress of handling and trucking.2 

Although exact levels of delta & loss are not 
known, salvage and larval data do indicate the 
timing and relative magnitude of project impacts. 
Evidence from Skinner Pish Facility and from lar- 
val surveys are summarized below. 

Juveniles and Adults 

En*ent of juvenile and d a  has 
~y been greatest d-g spring and s-r, 
h h g  the late -ter/spring spa-g 
and growth and moMty of yomg-of-theyear 
fish (Sweetnam and Stevens 1993) (Fi- 47 and 
a). Myage of the prr-spa-g addt. war 
&y high from December 1977 through Febm 
ary 1978, when exports increased after the 
drought. 
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Figure 47 
MONTHLY AVERAGE ESTIMATED DELTA SMELT SALVAGED 

AND 
DELTA SMELT SALVAGED PER ACRE-FOOT EXPORTED AT 

BANKS PUMPING PLANT, 1979 TO 1993 
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Actual losses of juvenile and adult delta smelt 
salvaged at the SWP cannot be dcdated at this 
time. Losses must be back-calculated from the 
number salvaged and estimated percentage lost 
due to trucking and handling, passing through the 
screen, and passing throughClifton Court Forebay. 
Experiments to determine forebay losses have 
been performed only for striped bass and salmon, 
and there are no estimates for other species, includ- 
ing delta smelt. Even bass and salmon loss esti- 
mates are not precise because exp- were 
not conducted over all seasons,hatchery fish were 
used rather than wild fish, and a relatively narrow 
size range of fish was ewmined (DWR 1992a). 
Forebay losses are believed to be lower in winter, 
when the predator populations have been lower 
(Kano 1990a) and cooler water temperatures prob- 
ably reduce the metabolic and consumption rates 
of predators. In addition, screening efficiency esti- 
mates for Skinner Fish Facility are based on studies 
in the late 1960s and do not reflect subsequent 
design and operational improvements. How well 
the available information on loss factors applies to 
delta smelt is not known 

For this assessment, delta smelt salvage data 
(length and abundance) were examined to deter- 
mine the effect of SWP operations on the delta 
smelt population and to determine what environ- 
mental parameters influence delta smelt salvage. 

Daily length fre ency of delta smelt salvaged 
between 1979 an T' 1991 (the period of most accu- 
rate data) indicates there are two distinct length 
groups: one composed of juveniles, primarily 
April-July, and a second composed of adults, pri- 
marily December-May (Figure 49). Based on life 
history information in Moyle et a1 (1993), delta 
smeltlessthan50mmsalvagedinMarchthrough 
May were designated as juveniles (current year- 
class) and those 50 mm or greater were designated 
as adults (previous yearclass). Delta smelt sal- 
vage, by yearclass, plotted with Clifton Court 
Forebay inflow and Delta outflow indicates: many 
more juveniles are salvaged than adults; most ju- 
veniles are salvaged over a 2- to 4month period; 
and this period varies between April through Au- 
gust. Before year-clas 1982/1983, large numbers 
of both juvenile and adult delta smelt were sal- 
vaged. Since then, very few adults were salvaged 
except for year-clas 1988/1989. 
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DAILY LENGTH FREQUENCY OF DELTA SMELT SALVAGED AT 
THE STATE WATER PROJECT IN SELECTED YEARS 

n o  yoarslausm ol carell are ofton present fram lslo rsWa though eprbg. 

The relationship between juvenile delta smelt sal- 
vage (summed for each yearclass over the 2 to 4 
months when most were salvaged) and Clifton 
Court Forebay inflow, Delta inflow, lower San 
Joaquin River flow, and Delta outflow (averaged 
over same 2- to 4month periods) were investi- 
gated using regression analysis (Figure 50). 

'Itvo years, 1980 and 1983, produced the most vari- 
ation in the r e p s i o n  equations. There is no ap- 
p m  reason to exclude 1980 from the analysis, 
but the 1983 data are questionable because Delta 
outflow was so high that delta smelt were probably 
flushed out of the system and pumping was re- 
duced dramatically in March through May. W1th 
the removal of 1983 data (Figure Sl), juvenile delta 
smelt salvage appears to be significantly nega- 
tively related to Delta inflow @<0.01, h0.56, 
N=12), lower San Joaquin River flow ( 4 01, 
slo.63, N=l2), and Delta outflow (p<0.01, k . 6 9 ,  
N=12). There was no significant relationship be- 
tween juvenile salvage levels and Clifton Court 
Forebay inflow (Figures 50 and 51). These data 
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Figure 50 
RELAnONSHlP BETWEEN JUVENILE DELTA SMELT SALVAGED AT SKINNER FISH FACILITY AND 
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Figure 51 
RELAIONSHIP BEWEEN JWENlLE DELTA SMELT SALVAGED AT SKINNER FISH FACILITY AND 
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series have not yet been tested for autocorrelation 
problems, which may artificially elevate signifi- 
cance levels. 

The SWP salvage/outflow relationships are con- 
sistent with the CVP salvage data (Figure 41), 
which frequently showed increased salvage in 
drought years during the same period. A possible 
explanation is that the distribution of delta smelt 
population shifts upstream during drier years 
(Steveris ef a1 1990), perhaps making them more 
dnerable to entrainment. Ahigher risk of entrain- 
ment in the interior Delta is consistent with DWR 
Particle Tracking Model studies. While smelt may 
not behave like neutrall buoyant particles, the 
same process would ten ‘r to increase entmhmen t 
of smelt in drier years. The extent of the area af- 
fected by pumping is not known, but it could 
depend on tributary flows, exports, Delta Cross 
Channel gate operations, Clifton Court Forebay 
gate operations, and Delta consumptive uses. 

If this hypothesis is accurate, one might also expect 
to find a relationship between Clifton Court Fore- 
bay inflow and salvage m drier years0 when the 
population is closer to the export facilities. Fig- 
ure 52 shows that this relationship did not improve 
when wetter years (1980,1982,1983, 1984,1986) 
w m  removed Similarl~ if salvage levels depend 
on flow, it is reasonable to expect that there should 
be a correlation between the proportion of Dlta 
inflow exported by the SWP and salvage. Yet Fig- 
ure 53 suggests there is no such relationship 
(h .19 ,  p>0.05). A possible explanation is that 
patchiness in the distribution of smelt spawning 
and larvae confounds the relationship between 
salvage levels and export rates. Daily or weekly 
variation in exports and outflow could, thedore, 
be important to salvage levels and obscure any 
relationship with Qifton Court inflow over longer 
periods (2-4 months in this analysis). Annual vari- 
ationin year-class strength, described below, could 
also have a major @pact on salvage levels. 

Another concern is that the 1992 and 1993 data are 
hC0llsistent With the d~ge/ouff low relation- 
ships. Figure 54 shows that 1992 salvage levels 
were lower and 1993 levels we= higher than ex- 
pected based on trends in the pxevious years. The 
9 value for outflow drops to 0.20 for all years 
(pM.05) and 0.14 if 1983 is excluded (pM.05). The 
relationships for Delta inflow were also updated 
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RELATIONSHIP BETWEEN EXPANDED SALVAGE OF 
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and found to benot statistically significant (60.13 
for all data, A0.09 excluding 1983). 

The 1992 and 1993 results have not yet been suffi- 
ciently analyzed because they were not available 
until shortly before release of this document. Sup- 
plemental studies will likely be performed to ex- 
amine the new data in further detail. However, if 
the original relationships through 1991 arenot spu- 
rious, the recent data suggest that outflow effects 
may be obscured by other factors in some years or 
that conditions may have changed after 1992 The 
possible importance of other factors such as year- 
class strength and'tirning of Delta inflow are dis- 
cussed below. 

SWP salvage was also examined using entrain- 
ment indices as a means to correct for yearclass 
strength and to examine population level impacts. 
An advantage of using entrainment indices is that 
they remove stock-recruitment effects that could 
cause autocorrelation in the salvage data series. 
P r e h h r y  indices have also been calculated for 
early 1994 using the assumption that cohorts 
roughly correspond to salvage in April through 
June 1994. Final indices will be estimated as soon 
as size data are available. 

Calculated entrainment indices are summarhd in 
Figue 55. The indices are highest between May 
and July, xepresenting salvage of young smelt. The 
smaller secondary peaks in December through 
February correspond to the adult s d t  spawning 
migration As for the CVP (Figure 42), indices were 
relatively low in most wet years (1980,1982,1983, 
1986,1993) and high in most drought years (1985, 
1987-1990). This observation was tested statisti- 
cally through 1993 by summing the indices for the 
period of peak salvage (Mar~h-A~g~st), then 
grouping the annual indices into "dry" (below nor- 
malaitical) and "wet" (wet-above normal) years. 
Differences were significant at the p4.05 level 
using either a t-test or a Mann-Whitmy U-test. 

Note, how eve^, that not all water years follow this 
pattern, Entrainment indices in 1984, a wet year, 
were higher than a number of dry years and all 
other wet years. Like Tracy Pumping Plant, a pos- 
sible explanation is that 1984 was cbified as "wet" 
because of heavy precipitation early in the year but 
was f u n c t i d y  "drf'for delta smelt spawners 
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during a relatively low-outflow spring. hwer- 
thanexpected indices for 1979 and 1981 may have 
resulted from exceptionally strong year classes 
that moderated relatively high salvage levels and 
associated loss. Tow-net indices in the previous 
year were relatively high, which is consistent with 
the hypothesis that a strong year class was pro- 
duced from a large spawning stock. 

The preliminary index far 1994 also appears lower 
than most other dry years. The low index may be 
a result of reduced pumping to meet 1994 biologi- 
cal opinion criteria. The index may also have been 
moderated by a strong year class, as indicated by 
a high midwater trawl index (adult spawners) in 
1993. 

In s m m y ,  SWP entrainment indices are reason- 
ably consstent with SWP salvage data and with 
CVP entmhment indices. Also, SWP exports tend 
to take a higher fraction of the population when 
abundance is low and in a dry year. If the delta 
smelt tow-net index is relatively high, such as in 
1979,1981, and 1994, the impact of exports may be 
reduced in dry years. Results for 1980,1982,1983, 
and 1986 also suggest that population level im- 
pacts can be relatively small in wet years. 

Although some of the factors regulating entrain- 
ment have been described, the question remains 
whether the CVP and SWP have a detectable effect 
on delta smelt abundance. Stevens et a1 (1990) ana- 
lyzed water exports individually and in combina- 
tion with other environmental variables for 
potential effects on the summer tow-net index 
(March-June variables) and fall midwater trawl 
index (March-June, July-October variables). None 
of the analyses explained a significant amount of 
variability in smelt indices. 

One variable not tested by Stevens et a1 (1990) is the 
proportion of Delta inflow diverted by the SWP 
and CVP. Moyle et al(1992) observed that an in- 
creased proportion of diversion occurred during 
the period of declining delta smelt abundance. 
This hypothesis was tested statistically using re- 
gression analysis on abundance and hydrologic 
data through 1993. The average proportion of in- 
flow diverted each year was calculated for the 
same months examined by Stevens et a1 (1990): 
March-June and July4lctober. The tow-net data 
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were compared to March-June hydrology, and the 
midwater trawl indices were compared to hydrol- 
ogy for both periods. Abundance data were ana- 
lyzed with and without log transformation. No 
relationshi was found for any of the analyses; all 
values of rf' were less than 0.09 (pM.05). 

The possible effect of project operations on abun- 
dance was examined further by comparing salvage 
levels with abundance indices. 

Tow-net and midwater trawl abundance indices 
were log-transformed to help normalize the data 
The effect of entrainment on abundance was exam- 
ined by calculating the net change in the index 
between years. For example, the 1989 value 
(AWS=0.019) was calculated as the diffemxe be- 
tween the 1989 index (log 23-0- .361) and the pre- 
vious year's index (log 224.342 ). This step was 
performed to remove stock recruitment effects, 
which have been found to cause autocorrelation 
problems in analyses of smelt data. There was no 
midwater trawl in 1979, so AMWT could not be 
calculated in 1979 or 1980. 

The effect of project operations was assessed by 
examining the change in abundance indices versus 
combined salvage at the CVP and SWP fish facili- 
ties. Salvage data for 1979-1993 were separated 
into brood years using methods previously de- 
scribed. Juvenile salvage data were summed for 
March-June, the period leading to the measure- 
ment of the tow-net index. A slightly longer period 
(March-July) was used for comparisons with the 
midwater trawl indices because this survey is con- 
ducted later in the year. The effect of adult entrain- 
ment and associated losses on abundance indices 
in the following brood year was also studied b 
summing September-May salvage levels. All r d  
vage totals were log-transformed before analysis. 

Data were analyzed for allwater year types and for 
dryyearsonly.Basedonpreviousanalyses,dry 
year impacts were expected to be greater because 
the distribution of delta smelt shifts closer to the 
export facilities. 

No relationship was found between salvage and 
AWS for juveniles for all water year types (Fig- 
ure 56) or dry years only (Figure 57). Similar15 
there are no obvious trends for adults (Figures 58 
and 59). 

When all water year types are considered together, 
there does not appear to be a relationship between 
AMWT and juvenile salvage (Figure 60). This con- 
clusion is consistent with Pox and Britton (1994), 
who found no .relationship between delta smelt 
salvage and regional midwater trawl abundance 
indices (1979-1991) for regions of the Delta most 
likely to be influenced by the pumps: the lower 
Sacmmenb and San Joaquin rivers and the south- 
em Delta. Although the analysis did not differen- 
tiate between adult and juveniles, the analysis is 
most comparable to juveniles, which n d d y  
comprise most of the annual salvage. 

However, Figure 61 indicates there may be a rela- 
tionship in dry years. The major exception to the 
overall trend is 1992, which had the lowest salvage 
of all dry years. The relationship is not statistically 
significant (pd.05) using regression or Spearman 
Rank methods unless 1992 is ignored (pd.05), but 
there is no obvious reason to exclude this year from 
the database. As evidence that the trend may not 
be spurious, salvage data from additional dry 
years (1976,1977) are included in Figwe 61. Sal- 
vage data are less reliable for these years, but they 
follow the same trend. There were no trends in 
adult abundance for all water years (Figure 62) or 
dry y- only (Figure 63). 

To summarize, salvage data from the CVP and 
SWP show that dry year entrainment are generally 
greater than wet years. A shift in delta smelt distri- 
bution toward the export facilities is thought to be 
responsible for this trend. Based on analyses for the 
SWP, there appears to be a substantial increase in 
entrainment when outflow levels drop below 
about 10,000 cfs. However, there is evidence that 
yearclass strength and the seasonal pattern of out- 
flow may moderate or enhance the relative impacts 
to the delta smelt population 

Relationships between delta smelt salvage (and 
associated entrainment losses) and abundance in- 
dices or exports remain to be demonstrated statis- 
tically. 
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RELAnONSHlP BETWEEN SALVAGE AND 

CHANGE IN TOW-NET ABUNDANCE INDICES FOR 
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Information on entrahment of delta smelt larvae 
at the SWP is available from the DWR Egg and 
Larval Entrainment Study for 1989 to 1993 (Fig- 
ure 45, Table 2). More information on larval delta 
smelt in the southern Delta near the SWP intake 
can be found in the discussion for the Central 
Valley Project. 
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figure 58 
REMIONSHIP BETWEEN SALVAGE AND 

CHANGE IN TOW-NET ABUNDANCE INDICES FOR 
ADULTS, AU YEARS 
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Figure 59 
RELATIONSHIP BETWEEN ADULT SALVAGE AND 
CHANGE IN TOW-NET ABUNDANCE INDICES FOR 

THE FOLLOWING BROOD YEAR, DRY YEARS 

Entrainment estimates for delta smelt larvae (less 
than 21 mm long) indicate that overall, the SWP 
may entrain slightly more larvae than the CVI! 
This is probably because the SWP intake is closer 

I 
to the central Delta. Reverse flows in Old and 
Middle rivers may transport larvae to the southern 6 
Delta. but larvae are less abundant in the southern 
DelG than in the San Joaquin River and central 
Delta. 
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Figure 63 
REINIONSHIP BElWEEN ADULT SALVAGE AND 
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This approach velocity and the amount of water 
diverted are much lower than those at the Tracy 
and Skinner fish facilities. UC-Davis is currently 
doingresearch to definescreening criteriafor delta 
smelt. 

5 O." 

Pickard et a1 (1980) evaluated screens of a similar 
design (0.5 fps approach velocity, excludes fish 25 
mm and larger) at Roaring River Slough in Suisun 
Marsh Entrainment data indicated significant re- 
ductions in losses of juvenile and adult delta smelt 
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RELATIONSHIP BEWEEN JUVENILE SALVAGE AND 

CHANGE IN MIDWATER TRAWL ABUNDANCE INDICES, 
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North Bay Aqueduct 

The North Bay Aqueduct has a scseened intake 
at Barker Slough, which has historically drawn 
up to 90 cfs. Although the intake has a state-of- 
the-art fish screen, there are no facilities where 
juveniles and adults can be salvaged and 
counted. The effectiveness of the screen for juve- 
nile and adult delta smelt is not known, but the 
screen was designed with a low approach veloc- 
ity (0.5 fps) and to exclude fish 25 mm or larger. 
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at screenedversusunscreened culverts. Given the 
design similarities between the screens, it seems 
probable that performance may be similar. For 
larval and pre-juvenile smelt, however, losses 

dsincetheselifestagesarepri- 
marily less 25 ma L a n d  delta smelt enter would 7c? 
the pre-juvenile stage at about 16-20 mm TL, 
when the fm rays begin to complete development 
(J. Wang, pers comm). Pre-juveniles reach the 
juvenile stage at about 25 mm TL b 5  mm) and 
definitely by 30 mm TL, when the full complement 
of fin rays have developed 

Juveniles and Adults 

From 1975 through 1979, DFGconducted a survey 
3 times per year using an otter trawl and gill-net to 
monitor fish abundance in Lindsey Slough. Sam- 
ple periods consisted of winter (February-March), 
summer (June-July), and fall (September-October). 
This survey fished a single site near the pmsent 
DFG sampling site 7l8. Four delta smelt (1 juve- 
nile, 3 adults) were collected from 24 otter trawls 
conducted over 12 sampling periods. AU the adult 
smelt were captured in winter8 presumably just 
prior to the spawning period. 

From 1986 to present, DFG has been samplingin 
Barker Slough. During eight completed years of 
sampling (19&1993), 29 delta smelt were collected. 
Of these, one was a juvenihized fish and the 
ranaining were adults. Most of the adults (89%) 
captured in Barker Slough were takenin the winter 
survey, presumably just prior to spawning. Adults 
have been collected with greater frequency since 
the winter of 1989, the year following NBAstart-up 
in June 1988. 

Data from June 1988 through 1990 indicate juvenile 
and adult delta smelt a~ relatively low in abun- 
dance (1.22% of total catch) in comparison to the 
more abundant species of the sloughs, such as 
striped bass (21.76%), tule pexh (17.6%), white 
catfish (l222%), and threadfin shad (7.82%) (Kano 
1990b). The smelt ranged from 59 to 116 mm FL 
Relative abundance of delta smelt less than 100 
mrn long was greater during winter (February, 
0.00215 smelt/cubic meter) than in summer aune, 
0.00006 smelt/cubic meter) or fall (October, 0 
smelt). Average size of these fish was 73.8 mm FL 
One adult delta smelt (ripe female) was caught at 
the entrance to Barker Slough on March 15,1991 
(Bennett 1992). It appears that, at least in dry years, 

delta smelt are spawning in or near the 
Barker/Lindsey slough area 

Additional information on juvenile and adult delta 
smeltintheCacheSloughareaisavailablefnunthe 
fall midwater trawl survey and from recent purse 
seine sampling. The Cache/Lindsey/Barker 
slough ama is not part of the summer tow-net 
survey. Midwater trawl results for stations in these 
sloughs indicate smelt are more abundant from 
October through Demmber than in September,but 
theyarenotpresentinallyears.DFGconducted 
purse seine sampling for juvenile delta smelt in 
June and July 1993,but d t s  axe not yet available 
@. Sweetam, pers comm). Some prelhnhary re- 
sults are available for urse seine sampling in the 
Delta, including the & che Slough area, on June 
7-9,1994 (Wgure 64). Note that these numbers are 
only a rough estimate of catch rate as number 
caught per acrefoot sampled. The Cache Slough 
area had the highest catch rates (4.11-23.49 
smelt/AF) in comparison to Montezuma Slough 
(0-1.37 smelt/AF) and the southern Delta (0-4.79 
smelt/AF). Only Honker Bay had a higher catch 
rate (5211 smelt/AF). 

A purse seine was also used in March, April, and 
May 1992 in the Cache Slough area to collect delta 
smelt broodstock for development of fish culture 
methods for the species (Lindberg 1992). Adult 
smelt were collected throughout March, in rnid- 
April, and again in early May Additional purse 
seine sampling was conducted for adult delta 
smelt in a newly created "flooded island" area at 
the junction of Cache and Shag sloughs (Lindberg 
1993). Adult smelt (both pre- and post-spawn) 
wem caught in the island during surveys on March 
13, April 9, April 27, and Ma 14,1993. The highest 
density (average 3.6 smelt 7 haul) was just inside 
and south of the Cache Slough levee breach. 

Larvae 

Larval delta smelt have been monitored in Barker 
and Lindsey sloughs by DWR, DFG, andUC-Davis 
since 1986 (except 1992), but in 1986 and 1987 they 
were identified only to family. Sampling was con- 
ducted by DFG during April through July 1986 (7 
visits) and 1987 (10 visits) at one station in Lindsey 
Slough and two in Barker Slough (Figure 65). Only 
one osmerid larvae was caught in 1986 (Barker 
Slough) and 6 larvae in 1987 (4 in Lindsey, 2 in 
Barker) (Table 3). 
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Figure 64 
LOCATION OF DELTA SMELT SPECIAL PURSE SEINE SAMPLING, JUNE 7-9,1994 

From 1988 through 1990, sampling was conducted 
by UC-Davis weekly at 4 sites from late April 
through early July In 1991 the sampling began in 
mid-March to include the delta smelt spawning 
season (Bennett 1993). No delta smelt were col- 
lected m Barker Slough during the 1988 to 1990 
surveys (Table 3). No delta smelt were observed m 
Lindsey Slough in 1988, but they were collected m 
1989 to 1991. Data for 1988 through 1991 indicate 
larvae present near the Barker Slough intake 
from March to early May and in Lindsey Slough 
near Cache Slough from March to June (Bennett 
1992). 

No sampling was conducted in 1992. In Feb 
1993, DWR resumed sampling in Barker and 7 Lin 
sey sloughs. DFG assumed the survey in April 

1993, eliminating Lindsey Slough site (7l9) and 
adding a replicate tow at Barker Slough site 721. 
The 1993 sampling was intensified to about every 
2 days in response to the listing of the species and 
to restrictions on NBA pumping in the 1993 bio- 
logical opinion for the protection of larval delta 
smelt. In 1993, most of the larval smelt were cap- 
tured in Lindsey Slough despite unequal sampling 
effort (more in Barker Slough) between the sites 
(Table 3). Larvae were collected primarily fmmlate 
M a d  to late May ( F i p  66). In 1994, every two 
day sampling by DFG indicates the abundances of 
larval delta smelt appear to be highest on record 
for the Lindsey/Barker Slough complex (Table 3). 
Larvae were collected primarily from late March 
to early May (Figure 67). 
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NBA 
INTAKE D% 1 721 

CACHE SLOUGH 

J 
Figure 65 

EGG AND LARVAL SAMPLING SITES FOR THE NORTH BAY AQUEDUCT 

TaMe 3 
LARVAL DELTA SMELT CATCH IN 

BARKER AND LINDSEY SLOUGHS NEAR ME 
NORTH BAY AQUEDUCT, 1986 TO 1993 

PreProjed Yeam aro leeSto 1988. 
8neH are ldonwiod to Family CMy in 1988 and 1987. 

sampUnamha6a¶edh1990end1~. 

w s b u g h  Lhd*vsm - Site Site 
Ylear 718 719 120 721 
1988 0 NS 0 
1087 4 NS 0 2 
1988 0 0 0 0 
1989 5 5 0 0 
1980 5 1 0 0 
1991 9 2 3 3 
1992 NS NS NS NS 
1993 20 0 3 7 
1994' 213 NS 20 19 

Totel 256 8 28 32 

NS No Smphg 
-July3 

The 8 years of data on larval fish monitoring in 
Barker and Lindsey sloughs suggest that delta 
smelt larvae are captured more frequently and in 
greater numbers in Lindsey Slough. This may in- 
dicate more spawning occurs in Lindsey Slough 
than in Barker Slough or that larval smelt are being 
drawn into Lindsey Slough. The abundance and 
distribution (spatial and temporal) of larval smelt 
in this area is highly variable Distribution is espe- 
cially patchy in Barker Slough, when? fewer oung 
are collected. Replicate tow h t a  support t ie  no- 
tion of patchy distributions mgure 66). 

Information on the growth of delta smelt in this 
area is limited to partial =or& from 1994 moni- 
toring (Figure 68). It can generally be seen that the 
smelt are growing throughout the spring and that 
this year they approaching the juvenile size 
range (>a-30 mrn TL) by mid-May. However, 
smaller larvae were present in mid- to late May, 
indicating a second or later period of spawning. 
Additional results indicate a few larval and pre- 
juvenile smelt were caught in Lindsey Slough on 
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Date 

Figure 66 
DELTA SMELT LARVAE AND JUVENILES CAPTURED IN LINDSEY AND BARKER SLOUGHS, 1993 

May 28 (19 mm TL) and June 3 (17,17,20 mm TL), 
and juvenile smelt were caught on May 26 (29 mm 
TL) and June 19 (52 mm TL). One larvae (14 mm 
TL) was caught in Barker Slough near the intake 
on June 19. 

Analysis of data prior to 1993 does not lead to any 
clear conclusions as to the effect of NBAoperations 
on larval delta smelt. This sampling effort was 
sparse in comparison to the 1993 and 1994 efforts, 
which should be given more weight. The data for 
1993 show only a slight i n c w  over 1991 values 
(1992 was not sampled), wen with 3 or 4 times the 
effort in prior years. In 1993, only 10 larval delta 
smelt were caught at the two sites nearest the NBA 
intake. The 1993 biological opinion placed a pump- 
ing restriction of 65 cfs on NBA operations from 
May through JuIy. The 1993 data indicate that most 
of the larval smelt were found from late March to 
late May. Two juveniles (>20 mm) were found in 
late June 1993. Results for 1994 show a substan- 
tially greater number of larval delta smelt, which 

could reflect an apparent major inaease in their 
numbers throughout the Delta. Larval smelt were 
found from early March to early June, with most 1 
from late March to early May. About five times 
more larvae were caught in Lindsey Slough com- 
pared to Barker Slough. I 

An analysis by Bennett (1993) used the BACI 
(Before-After/Control-Impact) design .to test 
whether or not pumping was drawing striped bass 
larvae from the nearby Sacramento River to the 
facility, increasing larval density and enhhnent. 
BACI analysis comparing the differences in larval 
density between the Sacramento River (control site) 
andBarker/ LindseySlough@otentialimpact site) 
during before (1986-1988) and after (1989-1991) 
pumping periods did not detect a pumping effect 
on mean larval density. The BACI design exam- 
ined mean values, and results may have been 
influenced by highly variable spatio-temporal 
larval patterns, Therefore, Bennett concluded that 
it may not be appropriate for detecting the gradual 
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Figure 67 
DELTA SMELT CAPTURED IN LINDSEY AND BARKER SLOUGHS, 1994 

increase in peak densities and/or variability ex- 
hibited during the after-pumping period. Surveys 
before and after pumping operations began indi- 
cated densities in the intake slough increased 
gradually and became more variable after pump- 
ing began Variation in larval density was signifi- 
cantly correlated with pumping rate on the day of 
sampling. Specific conductance during high 
pumping and land density became more similar 
to that of the Sacramento R i m  Daily pumping rate 
over time (mean= 85 m3/minute) was sufficient to 
replace the volume of Barker Slough daily, poten- 
tially entraining about 17,000 striped bass larvae 
per day. Overall, delta smelt larvae were 1-2 orders 
of magnitude less abundant than striped bass 
larvae and, thus, were estimated to be entrained at 
a rate of 170-1700 larvae per day. 

Bennett's (1993) study also indicates abundance of 
stri ed bass larvae has increased significantly in 
Bar L r  and Lindsey sloughs since project opera- 
tions began. This could be due to water and huvae 

being drawn into the sloughs from the Sacramento 
River, where the striped bass densities are higher, 
or the area be used for spawning more in recent 
years because adults have been more concentrated 
in the lower Sacramento River. However, the 
abundance of delta smelt larvae did not appear to 
inc- until 1994. 

Some estimates have been made of entrainment of 
delta smelt larvae to the NBA based on pre-1993 
sampling and the abundance of larval delta smelt 
in relation to larval stripr d bass in Barker Slough 
Bennett (1992) concluded that delta smelt larvae 

I are rare and have a patchy distribution (time and 
1 space) in Barker and Lindsey sloughs, making en- 

trainment estimates uncertain. Bennett (1993) esti- 
mated that 170-1700 delta smelt larvae per day 
were entrained based on the relative abundance of 
smelt to striped bass (1-2 orders of magnitude 
lower) and an estimated potential entrainment of 
17,000 striped bass larvae per day. Increased sam- 

I pling frequency since 1993 has allowed a more 
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refined, yet still rough, estimate of potential larval 
enhimnent to the NBA. 

DWR estimated larval smelt entraiment for 1993 
using the same methodology as for the SWP and 
CVP intakes. The 1994 estimates are not yet avail- 
able. The degree to which estimates represent ac- 
tual conditions is not known. Entrainment for 1993 
was estimated to be 8,289 larval delta smelt. 

mates even when replicate samples are used in 
their calculation Density estimates are multiplied 
by the volume of water exported during a given 
period, usually daily export, to yield a daily esti- 
mate of entrainment These entrainment estimates 
are based on two assumptions: all larvae at sites 
used to estimate entrainment are entrained at the 
project intake, and all water being diverted con- 
tains an equal density of larvae. 

These estimates are based on the density of larvae 
at a particular sampling site and time. Due to the 
patchy nature of larval delta smelt distribution 
(temporally and spatially), density estimates may 
be highly variable, and entrainment estimates 
should be viewed with some caution. Small differ- 
ences can result in highly variable density esti- 

Both these assumptions are simplistic and may not 
be strictly accurate. Lame present near the intake 
may not all be entrained. However, because of the 
probability of larvae being passively transported 
with moving water, this assumption may not be 
unreasonable. The second assumption assumes a 
directional and proportional relationship between 
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loss and magnitude of pumping. This could result 
in an merit loss estimate of tens of thou- 
sands of larvae at a large diversion based on the 
densii estimate from one larvae in a tow. This 
assumption may not be valid due to the highly 
variable distribution of delta smelt larvae in space 
and time. Vastly different entrainment estimates 
can be generated from replicate tows taken min- 
utes apart at the same sample site. For species with 
highly variable distributions, more realistic esti- 

. mates could result from a larger number of repli- 
cate samples. Another problem with present 
entrainment estimation methods concerns the 
sampling interval On non-sampling days, the lar- 
valdensiifromthelastsamplingdayisusually 
applied. Losses may then be over or under esti- 
mated depending on what the actual abundance 
was during that non-sampling period. 

Daily entrainment loss estimates of delta smelt to 
the NBAwere also calculated by acondtant to the 
Solano County Water Agency using two methods. 
The first method used larval density based on the 
average of observed density at both Barker Slough 
sites (720, 721). The second used larval density 
only at the site nearest the NBA intake (721). Both 
methods calculated dailv entrainment estimates 
that were then summed 6ver the sampling season 
to yield a total entrainment estimate. Total entrain- 
ment losses for 1993 and 1994 (through May 24) are 
shown below 

Sites Site Number 
; 1 2 0 . 7 2 1 p z Q a g  

1993 4,219 5,495 37 
1994 22,489 17,618 157 

'Based on Site 721 only. 

Bennett's (1993) estimate of 170 to 1,700 larvae per 
day does not apply to days when no delta smelt 
larvae were present, and is, therefore, comparable 
to daily estimates in the 1993 and 1994 data only 
when larvae were collected. In other words, al- 
though daily entrainma\t estimates of the order of 
magnitude calculated by Bennett are occasionally 
valid when smelt larvae are found near the NBA 
intake, these estimated levels are reduced when no 
delta smelt larvae are captured. 

Monthly entdmnent of delta smelt larvae per acre 
foot at the Barker Slough intake was compared 
with monthly entrainment at the SWP, CVP, and 

Factors That May Influence 

Contra Costa Canal intakes for 1993 (Figure 46). 
Estimates for 1994 are not yet available for all sites. 
At the North Bay Aqueduct, delta welt larvae 
w e  entrained in Match, May, and June only, at the 
following densities 

March 5.04 lawadacre-foot 
MY 7.49 lawae/acre-foot 
June 9.90 lawadacre-foot 

The North Bay Aqueduct had the most months of 
emtrahment and highest entrainment densities 
when enhinment occur& at this site. No larval I entrainment was estimated to have occurred in 
February, April, or July. 

Suisun h4arsh Salinity Control Gates 

A monitoring program was implemented in 1988 
to assess effects of the Suisun Marsh Salinity Con- 
trol Gates on fish and other aquatic res-es. This 
program includes existing sampling programs for 

I 
Neomysis and zooplankton, egg and larval sam- 
pling, tow-net m e y ,  juvenile salmon, and gen- 
eral fish population monitoring. A study of 

I 
predators at the gates was added I 
Monitoring results indicate minimal adverse im- 
pacts of the Montezuma Slough control gates on 
fish and other aquatic organisms (Spaar 1992). 
While abundance and distribution of fish species, 
including delta smelt, have changed in the marsh, 
the changes are probably due to factors causing the 
general fisheries decline and to the 1987-1992 
drought more than to control gate operations. 

Delta smelt populations have declined in the 
marsh since 1981 (Figure 19). Otter trawls caught 
423 delta smelt between 1980 and 1983 and only 13 
in 1984 to 1992 (Meng et a1 1992). Of these 13 smelt, 
12 were collected in 1988 to 1992, after control gate 
0perationsbeganGateope.mtionshaveresultedin 
relatiwly low salinities in the eastern marsh (up  
stream of Cutoff Slough) compai'ed to higher sa- 
linities in the small sloughs of the western marsh 
The delta smelt catch has been low but consistent 
since 1988, when gate operations began. In con- 
trast, no delta smelt were caught in 3 of the 4 years 
immediately before the project. It is difficult to 
determine whether gate operations are causing 
marsh conditions to be more favorable for smelt. 
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Project impacts that could negatively affect delta 
smelt appear to be the increased catch of predatory 
fish (striped bass and squawfish) at the structure 
since 1987. However, no delta smelt were identi- 
fied in predator stomachs examined from 1987 to 
1991. 

Another concern in this area is entrainment of delta 
smelt into Roaring River Slough and other private 
diversionswithinthemarsh Duringthe1980-1982 
evaluation of the Roaring River fish screen, delta 
smeltwasthemostabundant fishcollectedat the 
umaeened diversion and was collected through 
both diversion seasons (November to May and 
September to March) (Pickard el a1 1982). A total of 
5,841 smelt were collected: 3,731 in 1980/1981(66 
mm average fork len* range 30-100 mm FL) and 
2,110 smelt in 1981/1982 (average FL 63 mm; range 
41-107mm FL). Catches were usually higher for all 
species in samples taken at night. In September 
1981 to March 1982, only 8 smelt were entrained 
rinder screened conditions (average FL 60 mm; 
range 25-74 mm) compared to 2,110 under un- 
screened conditions (average FL 66 mrn; range 30- 
100 mm FL), demonstrating that the screen was 
extremely effective in reducing entrainment. 

South Delta Temporary Barriers Project 

The South Delta Temporary Barriers Project is de- 
signed to improve water levels, circulation pat- 
terns, and water quality in the southem Delta and 
to reduce impacts of Tracy and Banks Pumping 
Plants on fish, particularly salmon Potential con- 
cerns for delta smelt include barrier impound- 
ment, attraction, redistribution, and predator 
concentration 

In 1993, analysis of April-to-September salvage 
levels suggested that delta smelt entrainment did 
not increase while the barriers were in place @WR 
1993b). Egg and larval data show the barriers had 
little or no effect on distribution and recruitment 
of delta smelt larvae, given the extremely small 
number of ]anrae in the area and the timing of 
larval occurrence relative to barrier placement and 
operation for 1993. Fish and Game c o w e d  no 
delta smelt in monthly hoop-netting and electro- 
fishing surveys upstream and downstream of the 
barriers, and found no delta smelt in the guts of 
predators sampled. 

In 1994, installation of the temporary barriers 
began April 18 and was completed by April 25. 
At the request of the Fish and W 1 W  Service, the 
head of Old River barrier was removed on May 18 
and the flapgates at the Old River near Tracy 
barrier were tied open. 

Through April 12, no delta smelt w a  taken at the 
SWP. From April 23 to May 23, daily take was 
10-300 at the SWP and 200-1,000 at the CVP. 
Between May 24 and May 31, the take was 900- 
4,400 at the SWP and 100-600 at the CVF! 

The 14day running average take of delta smelt 
allowed in the 1994 biological opinion for April- 
June is 755. The actual 14-day average take in- 
creased steadily beginning April 23, and the 
biological opinion take limit was exceeded on May 
23. Delta smelt take continued to increase after 
removal of the head of Old River barrier. At this 
time, there is no apparent relationship between the 
take of delta smelt and installation of the tempo- 
rary barriers in the southern Delta. 

As an indication of potential impact of flow 
changes caused by the temporary barriers, delta 
smelt were monitored at three sites, using egg and 
larval nets. No smelt were detected in these sam- 
ples, which were taken through May However, the 
size of the smelt may have exceeded the efficiency 
of the nets, which would explain the lack of fish in 
the monitoring program while they were being 
taken at the SWP and CVP fish facilities. 

However, transport modeling studies suggest that 
en trainment of neutrally buoyant particles could 
inc- under certain conditions when the barri- 
ers are in place. In particular, simulated entrain- 
ment of a tracer mass was shown to increase from 
14.2% under the base condition (no barriers) to 
20.8% at the CVP under a 3-barrier configuration 
(Old River near Trac~  Middle River, and Old River 
at Head). It is unclear why this increase would 
occur, because tracer concentrations did not 
change appreciably at ,any other export s o u e  
when the barriers were in place. However, the 
modeled particles may move differently than delta 
smelt larvae, so these results must be interpreted 
with caution @WR 1993b). 
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Pacific Gas & Electric Company 

Pacific Gas and Electric Company operates two 
power germation facilities within the range of delta 
smelt: Contra Costa Power Plant and Pittsburg 
Power Plant. Contra Costa Power Plant is about 
6 miles east of the confluence of the Sacramento 
and San Joaquinrivexs. Pittsburg Power Plant is on 
the south shoxe of Suisun Bay, in the town of 
Pittsburg. Each power plant has sewen generating 
units that rely on water diverted from the lower 
San Joaquh River and Suisun Bay for candenser 
cooling. Cooling water is diver&ed at a rate of up to 
about 1$00 cfs for the Contra Costa plant and 
1,600 cfs for the Pittsburg plant, forming a thennal 
plume as it is dishrged back into the estuary. 
Pumping rates are often significantly lower under 
normal operation. Intakes at allunits at bothpower 
plants employ a screening system to remove debris, 
but the screens allow entrainment of fish smaller 
than about 38 mm and impingement of larger fish. 

Information on occurrence and direct entrainment 
of delta smelt near the PG&E power plants is lim- 
ited because of taxonomic problems with earlier 
studies. Young delta smelt and longfin smelt are 
difficult to differentiate, so much of the early data 
is at the family (Osmeridae) level only. The avail- 
able information suggests that larval and juvenile 
smelt, including delta smelt and longfin smelt, 
were historically one of the most abundant fish 
taxa in the area In 1978 and 1979, Osmeridae. was 
the most common group collected in ichthye 
plankton samples near Pittsburgh Power Plant and 
the third most abundant near Contra Costa Power 
Plant (Ecological Analysts 1981a, 1981b). 

There is also some specific evidence that juvenile 
and adult delta smelt have persisted in the project 
areas. Surveys using a combination of gear types 
found that delta smelt comprised 1.8% of the catch 
of all species near Pittsburg Power Plant from 
August 1978 to July 1979 (Ecological Analysts 
1981c) and 1.1% at m e  and reference sites 
h Jul 1991 to June 1992 (PGdrE 1992a). Near 
Contra C! osta Power Plant, delta smelt constituted 
only 0.1% of the catch in 1978 and 1979 (Ecological 
Analysts 1981d) but 0.7% in 1991 and 1992 (PGdrE 
19924. However, results from the summer tow-net 
survey (Chapter 3) at stations closest to Pittsburgh 
Power Plant indicate abundance has declined since 
the peak levels in the mid-1970s. As shown in 
Figure 69, the mean catch of delta smelt declined 

in the 19808 at stations 520 and 508, located up- 
s- and downstream of Pittsburg Power Plant. 
At station 804, near Contra Costa Power Plant, 
meancatch of delta smelt has been consistently low 
except in 1965 and 1973 to 1977. 

PG&E has monitored extensiveli at both power 
plants. Early general monitoring was followed by 
studies emphasizing larval and juvenile striped 
bass. Entrainment estimates for smelt are available 
from 1978 and 1979 only, and larval data are lim- 
ited because of -ties in di&mdating long- 
fin smelt and delta smelt. PG&E (1981a, 1981b) 
reports that from April 1978 to August 1979, more 
than 50 million smelt larvae (Osmeridae) were en- 
trained at Pittsburg Power Plant and an additional 
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Figure 69 
MEAN CATCH PER TOW OF DELTA SMELT AT 
SUMMER TOW-NET SURVEY STATIONS NEAR 

PllTSBURG POWER PLANT AND CONTRA COSTA POWER PLANT 
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ll,OW juvenile delta smelt impinged on the saeens 
Entrainment was similarly high at Contra Costa 
Power Plant for Osmeridae larvae (16 million) and 
juvenile delta smelt (6,400). An important consid- 
eration in evaluating these data is that larvae 
entrained in cooling systems are not necessarily 
lost. Sudval rates of entrained striped bass and 
other species can be high, but the effects on delta 
smelt are not known. Smelt do not appear to toler- 
ate s-, as indicated by low survival fonowing 
trucking and handling during CVP and SWP sal- 
vage operations. In addition, temperatures from 
the cooling systems maybe higher than those delta 
smelt can tolerate (Swanson, pers comm 1994). 

Survey results from nearby summer tow-net sites 
suggest many of the larvae entrajned in the 1978- 
1979 studies were delta smelt. Longfin smelt are 
rarely caught at station 804, near Contra Costa 
Power Plant, and were not observed in 1978 and 
1979. This compares to low but detectable levels 
(mean catch/tow 0.5) of delta smelt. Delta smelt 
also outnumbered longfin smelt during 1978 and 
1979 at station 520 (mean catch 5.0 delta smelt, 0.4 
longfin smelt) just upstream of the Pittsburg plant 
and station 508 (mean catch/tow 7.1 delta smelt, 
0.4 longfin smelt) just downsheam of the Pittsburg 
plant. A limitation in interpreting these results is 
that the summer tow-net survey was conducted 
after the period of peak entrahment, so the species 
composition may not be strictly comparable. 

Thermal effects may result in direct mortality, 
behavioral attraction, avoidance, blockage, or in- 
creased predation This issue is discussed in a 
recent report by PG&E (1992b). The study found 
greater numbers of some fish species near thermal 
discharge sites, but no evidence for direct mortal- 
ity of striped bass and no thermal blockage of 
migratory species, including Chinook salmon, 
striped bass, and American shad Insufficient num- 
bers of delta smelt were collected to draw any 
cdusions about how they are affeded by the 
thermal discharges. Predation on juvenile Chinook 
salmon and larval striped bass suffering thermal 
stress may be higher in Contra Costa units 6 and 7 
discharge canal, but the report concluded the effect 
is probably minimal. The overall effect of thermal 
didurges on delta smelt is not knownf but sam- 
pling indicates there is no behavioral attraction 

Since the 1978-1979 studies were completedf PG&E 
has impknenkd a resoufie management program 
to reduce striped bass loss. During the period of 
peak striped bass entrainment (May to mid-July), 
power generation units are operated preferen- 
tially~ using fish monitoring data. This program 
has reduced entrainment losses of larval and juve- 
nile striped bass by m m  than 75% (PGhE 1992a). 
The revised operations may have incidental bene- 
fits to delta smelt by reducing entrainment, but 
they cannot be estimatedbecause there is presently 
no monitoring requkment for this species. 

Local Agricultural Diversions 

Larval, juvenile, and adult delta smelt are vulner- 
able to entrainment into Delta agricultural diver- 
sions, a potential risk for the population. The risk 
to delta smelt populations from agricultural diver- 
sions is potentially significant for several reasons. 
First, the diversions are distributed throughout the 
range of delta smelt, placing the entire population 
at risk Second, most of these diversions are un- 
saeened, and there is no salvage of diverted fish 
Third, the intakes are close to shore or to the edge 
of the main channeL If, as Moyle (1989) suggests, 
delta smelt prefer shallow-water habitat when it is 
available, they could be expected to concentrate in 
areas immediately adjacent to island levees, where 
flows would be lower and there would be some 
protection from predators. Fourth, an estimated 
monthly average of 2,000 to 5,000 cfs is diverted 
during the peak irrigation period (April-August) 
from about 1,850 diversions scattered throughout 
the Delta (Brown 1982). This is the same order of 
magnitude as is exported by the SWP and CVP in 
the southern Delta. 

1992 Studies 

In 1992, Water Resources initiated the Delta Agri- 
cultural Diversion Evaluation to assess the extent 
to which delta smelt and other species are lost to 
these diversions. Sampling was conducted from 
mid-April through October 1992 and began again 
in late April 1993. In general, 1992 d t s  seem to 
show that some larval species (eg, threadfin shad, 
cenkmhids, minnows, logperch) are morevulner- 
able to enbahment than others (eg, striped bass, 
chameleon goby, prickly sculpin) relative to their 
abundance in the adjacent Delta channel. 



Chapter 5 Factors That May Influence 

Larval fish also appeared to be more vulnerable 
than other life stages. Based on the initial analysis 
of data from the 1992 pilot study, entminment ap- 
pearstodependlazgelyonthespeciesinquestion, 
its life stage, seasod abundance and distribution 
in the adjacent channel (including location in the 
water column), and operations of the diveision 
(seasonal timing; frequency and duration; flow 
and volume) (Spaar 1994). Many diversions do not 
operate continuously and divert water for only a 
few days to a few weeks at a time. 

During 1992 sampling, no larval, juvenile, or adult 
delta smelt were collected from the four diversions 
sampled (Spaar 1994) 70). In this pilot year, 
however, sampling methods for juvenile and older 
fish were found to be inefficient. In addition, the 
Mtchell Island diversion off the San Joaquin 
River, an area of known delta smelt abundance, 
could not be sampled. Lad'smelt were collected 
in April and May by egg and larval sampling in the 
Delta channels adjacent to the 'hitchell Island, 
Bacon Island, and McDonald Island sites (Table 4). 
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TaMe4 
TOTAL CATCH, BY SPECIES, OF LARVAL flSH COLLECTED DURING THE DELTA AGRICULTURAL DIVERSION EVALUATION, 

APRIL TO OCTOBER 1992 
Nlrmber pa 10,000 kmFed 

_ChannelSitcw 
1 2 3 4 934 932 933 93 

IktbWI Bacon . McDonald Naglee- Twitchell Bacon Mcm Naglee- 
Idand' lsland island Bulk bland' lsland lsland Burk 

-goby - 161.76 214.a 3299 447.91 407.79 1650.76 282.37 
TbadiInshad 9.14 88.41 337.Ol 8204 50.01 48.20 123.11 49.98 
P w d M  - 1 24 - - 5525 38.82 40.53 85.03 
sb ipedb  - 10.92 - - 625.55 36.24 3.80 1.32 
CentraFchids ' 9.61 18.13 1.36 7.33 0.86 1.08 1.51 1.70 
BipcaIe logperch - 2.16 - 0.77 1.73 2.79 4.66 2.18 
Inland silverside 46.21 - - - - - - 0.80 
American shad - 3.59 - - - - - - 
CVpfiw - 1.11 - 1 .77 5.51 0.80 1.54 - 0.17 
Delta smdl - - - - 2.74 0.80 0.39 - 
S a m t o ~ p l i W  - - - - 0.21 - - 0.15 
S a c m t o  sudcer - - - 4.67 - 0.41 - - 
Mosquitoflsh - - 0.41 - - - - 0.06 
lctalurids - - - - - - - 0.04 
Yellowtbr goby - - - - 1.13 - - - 
'An allometive dhrerslan sILo wm earnpled wm on Sevenmilo Sbugh. C h d  eb was on the San Joaqutn R k .  

Larval smelt abundance in these catches was gen- 
erally low, and catches were infrequent incompari- 
son to most other larval species caught, such as 
chameleon goby, threadfin shad, and striped bass. 
No larval smelt were collected near the Naglee 
Burk site (93) in the southern Delta. 

1993 Studies 

At the time of the 1993 assessment, 1993 larval 
samples were still being processed in the labora- 
tory. All samples have now been processed, and 
data are available for the entire diversion season, 
at all sites, and for all gear types. Sampling meth- 
odology and juvenile nets were modified in 1993 
to increase sampling efficiency and reliability. 

In sampling during 1993, no larval delta smelt 
were collected from the diversions using egg and 
land methods (DWR unpublished data). Larval 
delta smelt were collected before and during the 
diversion season by egg and larval sampling in 

channels adjacent to the Mtchell and Bacon is- 
land sites (central Delta). In the San Joaquin River 
off Twitchell Island, fourteen Delta smelt larvae 
(5.0-7.0 mm TL) were collected between March 19 
and April 10 and two (10.5 and 20 mrn TL) were 
taken on June 7 and 17. In Middle River off the 
Bacon Island site, four larvae (5.5-7.4 mrn TL) were 
collected on March 23, March 31, and June 9. Di- 
versions at these sampling sites started later in 
1993 than in 1992 due to heavy rainfall from fall 
1992 through spring 1993, which delayed the onset 
of irrigation (late April at Bacon and late May at 
Naglee-Burk). 

Prehinary 1993 data are also available from the 
juvenile net (I/&& mesh with live-box) (DWR 
unpublished data; Griffin 1993). Results indicate 
no delta smelt were caught at the Naglee-Burkand 
McMullin Tract sites (southern Delta) or at 
Twitchell or Boddin islands (central Delta). How- 
ever, five juvenile delta smelt wexe collected from 
the Bacon Island diversion site (central Delta): 
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Total Diwftion Jtlvenilesper 
Date/ length  ow Aae-Foot 
T i  (mm) (ds) Diverled 
May 17 

1027 15.6 128 0.92 
1W5 14.8 125 0.89 

These data support mdts of the prwious assess- 
ment @WR/USBR 1993). In general, delta smelt 
are probably most vulnerable to entrainment from 
February through June, during their larval and 
early juvenile stages. Swimming ability is weakest 
in the larval stage for most fish species. The irriga- 
tion season rum generally from late March or early 
April through September (Brown 1982), but varies 
from year to year depending on the weather, crop, 
and other factors. Diversions are minimal during 
December through February. Wmter irrigation is 
usual1 for wheat or other grains and, in a drought 
year, Lr permanmt crops (o-d~, vineyards). 
The agriculhd diversions now being studied often 
do not begin operations until late April or May. 
Some diversions are often operated intermittently 
during the irrigation season. Four of the five sam- 
ple sites monitored in 1993 divert intermittently, 
including all irrigation diversions for Bouldin Is- 
land. pot en ti all^ the period of highest losses of 
delta smelt to agricultural diversions would be 
April through June, based on their life stages at this 
time and timing of the irrigation season 

Predation and Competition 

Other factors that may control the abundance of 
delta smelt are predation and competition from 
native and introduced fish species and introduced 
invertebrates. The available evidence is reviewed 
below. 

Given than neither oufflow nor CVP/SWP exports 
explain a majority of the annual variance in delta 
smelt abundance! indices, it is likely that other fac- 
tors play a signi6ont role in the apparent decline 
of the species in the last 1520 years. It is not pos- 
sible to calculate the relative contribution of preda- 
tion and competition to this decline, but, as the 

Factors That May Influence 

following discussion indicates, there arenumerous 
indications that it is significant. Further, predation 
and competition could aEfect delta smelt through- 
out its range. 

Predation 

Balanced relationships between predator and prey 
populations may be disturbed by perturbations 
in their environment. Fish stocks are continually 

'ected to predation of fluctuating intensity,, % wi the 8u1plus prey becoming the established 
populatim predator/prey populations are usu- 
ally in dynamic equilibrium (Bagenal1978). When 
a newly introduced predator begins to consume a 
prey population that has been in equilibrium with 
its competitors and other predators, the initial 
effect is an increase in the mortality rate of the prey. 
If stocks m declining and fish axe unaccountably 
disappearing, the decline may be due to new 
predators or some perturbation that has favored 
native or introduced p~dators. 

Although the assemblage of native fishes in this 
estuary evolved together, some disturbance could 
favor native predators such as Sacramento squaw- 
fish, steelhead, and Sacramento perch. This seems 
unlikely, however, because none of these is pm- 
ently abundant in the estuary (Stevens et al1990). 

One change in the estuarine environment that 
could have favored native or introduced predators 
was increased water transparency inmany regions 
of the upper estuary over the last 20 years (see 
'Water Quality" later in this chapter). Increased 
water transpamxy could render delta smelt more 
susceptible to predation. This hypothesis is sup- 
ported by recent studies by Ligon et a1 (in p q ) .  
Relatively small inmases in turbidity at levels 
similar to those in Delta triitarks were shown to 
strongly inhibit largemouth bass predation These 
results are consistent with studies using bluegill, 
another centrarchid. The extent to which these 
d t s  apply to striped bass and other Delta preda- 
tors is not known. However, -t decreases in 
turbidity levels in many parts of the estuary could 
have adversely affected delta smelt despite a re- 
duction in the striped bass population since the 
late 1970s. 

Correlation analyses suggest delta smelt abundance 
in several regions of the upper estuary declined 
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significantly with increasing water transparency 
during various seasons and was most significant 
in winter and spring. However, this does not prove 
cause-and-effect; it only suggests a relatiomhip 
between delta smelt abundance and water trans- 
parency. Water t r a n s p m y  may affect year class 
sbength during the first half of each year; that is, 
increases in water transparency may adversely af- 
fect delta smelt during the period when year class 
sbengthis thought tobe set. Comparisons between 
summer tow-net indices and fall midwater trawl 
indices suggest smelt year class strength is set 
before July (Stevens d a1 1990). 

Predation by introduced fish species is another 
possibility, although several of these species have 
also declined in abundance during the same period 
as delta smelt (Stevens et a1 1990). Catfish and 
sunfish are predatory fish but were established in 
this estuary well before the decline of delta smelt. 
Striped bass has been the most abundant predator 
in the estuarine area inhabited by delta smelt 
(Stevens et a1 1990) but has been present in the 
Delta for more than a hundred years. Previously, 
much larger populations of both striped bass and 
delta smelt coexisted (Sweetnam and Stevens 
1993). Food habit studies in the 19609, when both 
species were abundant, indicate that, although 
occasionally consumed, delta smelt were not a 
major prey item for striped bass. The planting of 
large numbers of juvenile striped bass near Rio 
Vista, an area where delta smelt have concentrated 
in recent years, may affect smelt to sime degree 
through increased predation. This issue is now 
moot, because DFG discontinued stocking hatch- 
ery-produced striped bass in the estuary in 1992 
due to concerns regarding predation on young 
winter-run salmon (Sweetnam and Stevens 1993). 

The most likely predation factor in the delta smelt 
decline is that a recently introduced species may 
be responsible. Introduced species colonize rap- 
idly under favorable conditions and may disrupt 
the structure of fish communities by competing 
with or preying on native fishes (Herbold and 
Moyle 1986). The specks likely to have the greatest 
effect are the inland silverside (introduced in 1975) 
and the yellowfin and chameleon gobies (both 
introduced in the late 1950s). Chameleon gobies 
are not a likely suspect, since they have been abun- 
dant in the upper estuary and Delta only since the 
mid- to late 19809. However, they may limit recov- 
ery of delta smelt populations. 

Wand silverside, which could prey on delta smelt 
eggs and larvae, has been collected where delta 
smelt may be spawning (Moyle ef a1 1993), but its 
measured abundance has been highly variable 
(Sweetnam and Stevens 1993). Bennett and Moyle 
(1993) desc r i i  mxarch to be conducted at UC- 
DavisI to investigate competition and predation of 
inland silverside as co-factors with outflow as 
the cause of the dmmatic declines in delta smelt 
abundance. They suspect such a situation between 
silverside and smelt in the estuary for several 
reasons: 

Silverside abundance increased dramaticall d in the early 1980s, concurrent with the s 
decline (Bermett and Moyle 1993) @gure 7l). 
Silverside ~o-occurs in high abundance with 
smelt eggs and larvae. 
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Figure 71 
MEAN CATCH PER TOW OF 

DELTA SMELT AND INLAND SILVERSIDE IN THE 
FALL MIDWATER TRAWL SURVEY, 1967 TO 1990 
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Recent predation experimentsusing large field 
enclosures in this estuary (8ennett et d 1993) 
indicate that inland silversides readily con- 
surne striped bass larvae (5-8 mm SL), produc- 
ing higher daily mortality rates than those 
reported in similar expehents using lanral 
fish prey and small fish predators (Pepin et al 
1992; and Cowan and Houde 1993, cited by 
Bennett and Moyle 1993). Prey selection was 
also found to be size-based. Therefore, since 
smelt larvaeare of similarsizeasthosestri 
bass larvae used by Bennett et d (1993), 
wouldalsobeconsumedifa\cormtered. 

Low outnownuyexac*k@tiononlar- 
by the spa- 

in high silverside abundance in the 
Delta 
A recent analysis of FWS beach seine data (B. 
Bennett, pen comm) appears to indicate that 
inland silverside abundance is negatively cor- 
related with delta smelt abundance in both wet 
and dry years. That is, increased silverside abun- 
dance coincides with decreased delta smelt 
abundance. An exception to this occurred in 
1993, when both silverside and delta smelt were 
abundant In wet years8 impacts to the delta 
smelt population may be lower because the 
probability is lower that the two species will 
co-occur due to a wider distribution of delta 
smelt 

Yellowfin and chameleon gobies could also prey 
on delta smelt eggs and young. Althoughgenerally 
not thought of as predators, gobies are small, 
bottom-dwelling carnivores of inshore areas that 
exhibit a lie-in-wait feeding behavior ( M c G h h  
1984). Yellowfin gobies are larger than the native 
marine gobies. Both species feed on invertebrates 
and small fish. In general, gobies are able to adapt 
to low salinities and to habitats not accessible to 
other fishes. In the Delta, chameleon goby appears 
to have a long spawning season, with larval stages 
collected from early April through mid-September 
(Spaar 1993). The young are zooplankton feeders 
until they mch 1-2 an, at which time they assume 
their bottomoriented piscivoraus predatory role. 
Gobies also are known to consume fish eggs (Jude 
et a1 1992). 

Factors That May Influence 

Due to the bottomdwelling, inshore nature of 
yellowfin and chameleon gobies, juveniles and 
adults are fairly successful in avoiding midwater 
townets and trawl nets and g e d y  appear to be 
low in abundance in these types of samples. How- 
ever, goby larvae are susceptible to egg and larval 
nets, and juveniles and adults appear to be suscep- 
tible to otter trawls# which sample on the bottom. 
Results from egg and larval sampling in the south- 
-Delta indicate that chameleongoby abundance 

tremendously, from comprising 2% (291 
e 9 5  Lmc/tnv) of the 1988 catch to its 
peak of 87% (137,455 h e ,  584.91 larvae/tow) of 
the 1991 catch (Spaar 1990; Spaar 1992). While 
abundance declined to 83,293 larvae (61% of total 
catch, 259.48 h e /  tow) in 1992, it is s t i ~  the most 
abundant larval species caught at this study's cen- 
tral and southern Delta sites. Although sampling 
began in mid-February in 1991 and 1992, no cha- 
meleon goby were caught before April, as in other 
years. The tremendous numbers of larvae being 
produced alone would indicate this species could 
have a large impact on the estuarine ecosystem. 

An ongoing, 14year otter trawl survey in Suisun 
Marsh, done for Water Resources by UC-Davis, 
found that abundance of both yellowfin and cha- 
meleon goby has fluctuated dramatically in recent 
years, whereas other species have declined stead- 
ily (Meng et al1993) (Figure 72). Recent work indi- 
cates that the chameleon goby appears to be a 
different species from the Didentiger tn'gmm 
cephalus that first invaded South Bay (Matem 
1994). This species is not known outside of Asia, 
and its occurrence in Suisun Marsh is now being 
confirmed. .. 

Figure 72 
ABUNDANCE OF 

CHAMELEON GOBY, YELLOWFIN GOBY, AND TOTAL FISH 
IN SUlSUN MARSH, 1979 TO 1992 

Souno: Meng el d 1893. 
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I 1 This apepod is a primary food of delta smelt 

Native species, including delta smelt, were found 
m a  often in small, dead-end sloughs; introduced 
species (particularly chameleon goby) were found 
both in deadend sloughs and the larger sloughs of 
the marsh. Yellowfin goby inneased dramatically 
throughout the estuary f m  their first appearance 
in 1965 to their extreme abundance in 1967 (Britton 
et a1 1970), and was the third most abundant fish 
caught in tk marah in 1980 through 1982 Its abun- 
dance in the marsh has fluctuated since that time 
(Figure 72), but it has remained one of the more 
abundant species (fourth in 1991 and third in 1992). 
Chameleon goby didnot follow this pattern; it was 
first caught in the marsh in 1985 and by 1989 it was 
the most abundant fish caught. Recently, its num- 
bers have declined, as might be expected for an 
introduced species. These changes in fish abun- 
dance in the marsh suggest introduced species, 
along with other environmental disturbances, 
have altered fish communities. 

Competition 

Effects of competition among species are difficult 
to determine. Introduced fish and invertebrate 
species may compete directly with delta smelt 
(adults and young) for food (phytoplankton and 
zooplankton) or may alter the species composition 
of the zooplankton community. The zooplankton 
food niche was originally divided between the 
native delta and longfin smelts (McGinnis 1984). 
Delta smelt occupies the fresher, upstream areas of 
the estuary and longfin smelt occupies the more ' 

saline, lower reaches. The natural niche segrega- 
tion between these species has been influenced by 
the introduction of exotic zooplankton feeders, 
which could compete with delta smelt for food 
resources. Although zooplankton food supply has 
improved in recent years (see next section, "Food 
Abundance8'), this does not preclude the possibil- 
ity that some form of competition, such as food 
depletion, could affect delta smelt. 

Several introduced fish species could compete 
with delta smelt for food. Young striped bass, 
American shad, thxeadfin shad, inland silverside, 
chameleongoby, and whgiareallzooplankton 
feeders and probably compete with delta smelt for 
food. Striped bass has shown signs of population 

decline coinciding with or preceding the decline of 
delta smelt. . 

Wand silverside has been shown to be a successful 
colonizer and competitor with native or established 
species (Mense 1967; Li et a1 1976; Bengston 1985). 
In Lake Texoma, Oklahoma, inland silverside com- 
pletely replaced brook silverside in about 2 years 
after its introduction (Mense 1967). As adults8 delta 
smelt and inland silvmide are of similar size and 
have overlapping diet requirements, thus they 
may compete if shared food resources are limited 
(Bennett and Moyle 1993). In the Bay/Delta sys- 
tem, low food abundance and changing composi. 
tion suggest food may be limiting for larvaeas well 
as adults (Moyle et a1 1992). Bennett and Moyle 
(1993) are investigating potential competition be- 
tween inland silverside and delta smelt. Silver- 
sides form dense schools in shoal areas, whereas 
smelt are more abundant in river channels; this 
does suggest some degree of habitat segregation 
However, they theorize that considerable overlap 
may occur between the species at prime feeding 
times. In Clear Lake, silversides are known to un- 
dertake die1 inshoeoffshore feeding migrations. 
Such behavior may produce locally depressed 
food resources for delta smelt at favored feeding 
sites and times# inaeasing the probability of re- 
some competition 

Competition for food at the l d  stage may also 
be increasing due to an unexplained population 
explosion of the chameleon goby in 1990 (Sweet- 
nam and Stevens 1993). Wakasagi may also com- 
pete with delta smelt for food in the upper end of 
the delta smelt's range on the Sacramento River, 
but no reseaxh has been done on this. 

The Asian clam, Pots-bula amurensis, was first 
discovered in Suisun Bay in 1986. It may compete 
directly with delta smelt for food by comumjng 
Euytenma a nis1 nauplii I? amurensis has been 

licatedas cause for the sharp decline of E u p  "9. k 
in te 1988 (Kimmerer 1992a). It may also impact 
phytoplankton d e c 8  by decreasing phyte 
plankton biomass, thereby affecting higher trophic 
levels. However, I? mmcrensiP occvsptimarily down- 
stream of Antioch, which has been the extreme 
lower range for delta smelt in recent years, so their 
overlap has probably been minimal Overlap may 



increase in wetter yeam, such as 1993, unless dis- 
tribution of the clam shifts downsheam in such 
y e a r s . R m  willlikdybeacanhuedplroblemfor 
fhislegian,asmmtUSGer,~Surveydts 
~ t h e c l a m w a s n o t ~ y d i s p l a c e d d a v n -  
shaambyhighflowsinl!XB ~ a n ~ U S ( 5 ,  
unpublished data). I)espibe such ovedap in 1993, delta 
S m e l t ~ i r r P a a s e d i n ~ t o h i ~ f l o w s ,  
whkhtmspc&dmanyjweniles~ -Bay. 

Food Abundance 

Changes in the concentration of either p h y t o p  
ton or zooplankton could affect delta smelt abun- 
dance through food chain interactions. Exact food 

of delta smelt a~ not known, but 
in the Bay/Delta appear low relative 

to other systems in the United States, creating the 
potential for food limitation (Miller 1991). Abun- 
dance of food for delta smelt is a function of three 
factors: total food abundance in the 
river/bay/delta ecosystem; competition for fwd; 

, and changes m food organims. These interrelated 
factors have the potential for cumulative effects. 

Recent trends in concentration and composition of 
phytoplankton and zooplankton are described be- 
low in relation to delta smelt. It is important to note 
that food chain effects may be closely linked with 
entra ment zane position Both phytoplankton and 
E. a&is have been shown to occur at peak abun- 
dances within the entrapment zone (Kimmerer 
1992a). Although the abundance of each is also 
correlated to some degree with entrapment zone 
location, the mechanism for this association is un- 
known. The correlaticms may be due to underlying 
relationships with flow, strength of entrapment, or 
other factors that vary with entrapment zone posi- 
tion (Kimmem 1992a; Jassby 1993). The possible 
importance of the entrapment zone is described at 
the beginning of this chapter. 

Phytoplankton 'kends 

Phytoplankton levels were analyzed by removing 
the effects of specific conductance and season, 
which cause short-term and localized variation 
"Anomalies" were calculated by subtracting pig- 

mentl m-ts for each date and station 
from the mean pigment value for the specific 
conductance class (Table 5) and month A positive 
anomaly indicates pigment levels were higher 
than would be expected for the respective month 
and specific conductance class. Use of anomalies is 
described in detail by Obrebski et a1 (1992). 

TaMe 5 
AVERAGE SPECIFIC CONDUCTANCE AND SAUNITY IN 

SPECIFIC CONDUCTANCE CLASSES 1 TO 20 . 8podlcewdudancevalu0)shamarorololWOdtor~ 

~ahPe ,kd~a~onStomporah t res .  

class (us/an*) 
1 126 0.071 
2 ' 150 0.084 
3 167 0.094 
4 1 87 0.1 05 
5 210 0.118 
6 240 0.1 35 
7 284 0.1 59 
8 355 0.1 99 
9 473 0265 

10 674 0.378 
11 979 0.550 
12 1 554 0.874 
13 251 1 1.417 
14 3934 2229 
15 5817 3.31 3 
16 0032 4.604 
17 10583 6.112 
18 13665 7.964 
19 17444 10284 
20 24302 14.635 

' ~ a n = m l a o S i o m m m p o r ~ a  
" pgl-wpor- . 

Over the last 20 years, a significant decline in phy- 
toplankton biomass has been observed (P<0.01) in 
the region between Rio Vista on the Sacramento 
River and Marti.lez at the west end of Suisun Bay 
(Figure 73). Chlorophyll a concentrations declined 
sharplybetween1972and 1977,followedbyincRased 
levels between 1978 and 1982 and then another 
decline from 1983 through 1991. Meanannual chlo- 
rophyll a cancentrations have been e x m y  low 
(<4 pg/L) since 1987. Seasonal and annual variation 
m phytoplankton is hypothesized to result from 
transport from outflow and interactions with 
benthic grazers (Alpine and Cloern 1992). Trends 
in phaeophytin a levels were similar to those for 
chlorophyll a Ratios of chlomphylla to phaeophytin 

- 

1 Pigment is an incbtor of phytoplankton levels. 
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a hovered around zero during most years, although 
unexplained spikes m chlorophyll a occurred in 1979 . 
and 1982 These n d t s  suggest the relationship be- 
tween phytoplankton growth and mortality has 
been consistent in this @on However, ,this analysis 

does not localized changes within regions 
of the Delta or shifts m species composition 

It appears that phytoplankton abundance may 
affect delta smelt directly, as well as through the 
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Figure 73 
PIGMENT CONCENTRATIONS, RIO VISTA TO MARTINEZ 1971 TO 1991 
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zooplankton food chain. In laboratory culturing of 
delta smelt, Mager (1993) found that larvae first 
began feeding on day 4 (after hatch) on phyt* 
plankton and on day 6 were feeding on rotifers. 
Prior to this, there has been no mention of phyt* 
plankton as a food item for delta +t in any 
reports or papers. The period of first feeding for 
larval fishis generally thought tobeaaitical time 
forlarvalsurvival. 

Zooplankton 'Ikends 

Studies indicate copepods are the principal prey 
item of delta smelt, but species composition has 
shifted Post-larval smelt collected in 1977 were 
found to feed almost exclusively on copepods 
(Moyle et al 1992). Gut analysis showed that the 
calanoid copepod, Euryfemota afflnis was the 
dominant prey item (68% by volume), followed 
by Cyclops sp. (31%) and harpacticoid copepods 
(1%). Adult smelt were found to feed throughout 
the year on copepods and saxxudly on dadocer- 
ans (Daphnia sp., B-M longirosttis) (Moyle et a1 
lgg2)* *ounun shrimp (Nq* was 
gavrally of im~O-ee 'ett 
themainfooditemin1988samp1esWaspseudoduzp 
tomu fbrbesi, an exotic species. Simcalanus donii. 
another exotic species, has also been found in gut 
samplest as have Corophium Gammaridact 

and Chironmidae (Moyle et a1 1992). 

Zooplankton data were examined using anomaly 
v a l u e s ~ d ~ e d i n t h e f O r e g O i n g ~ ~ t o u r a m -  
ine long-term trends. Trmds for E. aflnis) the most 

PRY iteminthe1970s,sh0w abUndme 
of this copepod has declined si*-tl~ the 
area RiO Vista and Martins during the 
last l8 74). The decline was 
but continuous between 1972 and 1983, followed 
by a brief period of stable abundances, and ending 
in a major decline between 1987 and 1990. 

ThcexotieckmP~bulo-rensisisth~ght 
toaatLart~arU~~mibleforthem05trec* 
decline of E. afinis. This clam was well established 
i n s u i n m e a ~ b ~ 1 9 8 7 a n d ~ w i t h i t s ~ m t ~ g  
habits, has -ged to c o m e  a si@=t par- 
tion of the phytoplankton biomass in Suisun Bay 
(Alpine and Cloern 1992) and possibly a significant 
number of juvenile E. affnis (Kimmerer 1992a). 
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Figure 74 
ZOOPLANKTON CONCENTRATIONS, 

RIO VISTA TO MARTINEZ, 1972 TO 1990 
Tpgwknm naa*q m*n*dmopwanh 1w88mpre ded 

~ d t ~ m  greph 19 m a  amual enomnliw (dosaibed in kt), 
rr%h om ma- inktw. 

The inhoduced zooplankton Pseudodiapfomus fir- 
h i  was h o v e E d  in a- in 1987 (Orsi 
and Wakr 1991). By fall 1988. this copepod was 
found in high coIU:mtratiOI\S (,lMX) in 
rrgionr of the md studies of delta 
smelt in 1988 and 1991 show this organ- 
ism is now the main food source of delta smelt. 
Abundances of I! Mbesi in 1989 and 1990 were 
equal to those of E. afinis prior to its pmipitous 
&line in the late 198Os (FiF 74). Thus) while 
abun- of E. r& lo*, total sup 
ply for delta appea~  to have &@ in 
1- y a s .  Habold a1 (1992) made sw 
conclusions about delta smelt food availability. 
H- conclusions about the adequacy of delta 
dt fd supplies must be viewed with caution 

mquestianr to be mered 
about the species' a b ' i  to utilize I? foltresi as a 
food source, in parti* whether delta smelt 
must expend more or less energy to capture 
~ / o r d i g & J l f o l b ~ i ~ E E . a ~ ~ w -  
the source has quivalent nmOnal 

for d* smelt, In short8 total biomass of 
available food may not be a Of the 

ability to utilize a new food SOUICe* 
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Water Quality 

Few water quality factors have the potential to 
affect the abundance and distribution of delta 
smelt over its entire range. Water temperature, 
water transparency, and specific conductance 
(salinity) are the water quality parameters that 
could most likely affect population levels, given 
the environmental changes within the estuary. 
Constituents such as pH and dissolved oxygen 
have not changed on a scale large enough to affect 
a mobile organism such as delta smelt, and chemi- 
cals such as silica, nitrate, and phosphate are not 
thoueht to directlv affect delta smelt. 

Chapter 5 

This section dkusses the potential for water tem- 
perature, water transparency, and s ecific conduc- 
tance to affect the delta smelt pop & tion Data for 
many of the analyses were partitioned amongvari- 
ous regions of the upper estuary (Figure 75) to 
p e d t  a more detailed -on. Results should 
be interpreted with caution, h o w e v ~  because there 
is evidence of serial a u t o c o ~ t i o n  problems with 
the tow-net and midwater trawl data. This concern 
is discussed in the section "'Entrapment Zone" 
earlier in this chapter. 

I J 

Figure 75 
LOCAION OF CORE DATASET SITES AND REGIONS USED IN WATER QUALITY ANALYSES 
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3 2akNorthern D e l t  1 i I A I 

Water Temperature 

In this estuary, water temperature is regulated 
mainly by air temperature, but river inflow and 
tidal intrusions also influence estuarine water 
temperatures. Long-term trends in surface water 
temperature show a highly seasonal pattern that is 
consistent among years and wens (Figure 76). 
Water tempem- are lowest during winter and 
highest during summa 
L 
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Long-term water temperature trends in the upper 
estuary show little or no pattern that could account 
for a decline in delta smelt abundance or a change 
in distribution. Lehman and Smith (1991) noted a 
slight increase in average rnonthly'temperatures in 
the late 197Os, befoxe most delta smelt abundance 
indices began to decline. Minor temperature 
changes could have caused a delayed response 
through the food chain or other mechanisms. 
However, Stevens et a1 (1990) found no r e l a t i d p  
(by regression analysis) between water tempera- 
hue and smelt abundance. During the last 20 years, 
water temperatures in all regions of the upper 
estuary have only occasionally been outside an 
assumed delta smelt tolerance range of 7-15'C be- 
fWeen&cembermdM&and 1 5 W C b e ~ -  
April and June (Figure 76). Thus, the analyses 
suggest water temperature has not affected delta 
smelt abundance and distribution. 

71 73 75 77 79 81 83 85 87 89 91 
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Figure 76 
MEAN MONTHLY WATER TEMPERATURE 

FOR FIVE REGIONS IN M E  UPPER ESTUARY, 1971 TO 1991 

The predictable pattern of water temperature con- 
tributes directly to many of the seasonal changes 
noted throughout the estuary. Water temperahue 
outside the optimal range for delta smelt could 
alter growth and mortality rates of this fish 

Water temperatures during delta smelt spawning 
reportedly range fmm 7 to 1SC (Wang 1986). How- 
ever, water temperatures measured during high 
larval abundance (April-June) typically range from 
15 to 23'C @FG 1992). The ability of delta smelt to 
sunrive higher tempemtum is supported by Moyle 
et a1 (1992), who found delta smelt in waters rang- 
ing from 6 to WC and averaging 1SC. 

Water Transparency 

Water transparency varies in direct proportion to 
concentration of suspended organic and inorganic 
particles. The major some of inorganic material is 
suspended sediments brought in with streamflows. 
This is a highly seasonal component that increases 
with runoff and flow. The two major forms of 
organic matter are particulate organic material and 
phytoplankton This component is also seasonal; 
phytoplankton concentrations tend to be highest 
during spring through fall, and particulate organic 
material is probably highest during fall and winter. 

Although any change in water transparency could 
affect delta smelt, increases in water clarity are 
probably of most concern Increased water trans- 
parency may render delta smelt more susceptible 
to predation or decrease food availability, as many 
zooplankton are negatively phototactic. 

Secchi disc depth readings show water transpar- 
ency has varied greatly within and among years 
throughout the upper estuary but suggest an in- 
creasing trend in some regions 77). 

Further analysis involving removal of the vari- 
ation in Secchi disc depth due to season and salin- 
ity (anomaly calculations, described earlier) shows 
water transparency has increased significantly 
(slope of regression line >O; P<O.Wl) in all mans 
of the upper estuary excqt SuisunBay (Figure 78). 
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Southern Delta 
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Figure 77 
MEAN MONTHLY SECCHI DlSC DEPTH 

FOR FIVE REGIONS IN M E  UPPER ESTUARY, 1971 TO 1991 

Stevens ef al(1990) found a strong relationship be- 
tween fall delta smelt abundance and July4Mober 
copepod abundance and water transpa.recq How- 
ever, they considered this relationship tentative 
because the strong connection between summer 
tow-net indices and fall midwater trawl indices 
suggests smelt year* strength is set before July. 

Tests results for relationships involving various 
water quality and biological constituents can be 
misleading because most chemical and biological 
constituents vary with salinity. Delta smelt are no 
exception, haling a definite abundance pattern 
over the salinity range common to the upper 
estuary (Figure 79). Thus, significant relationships 
between two constituents could occur because of 
covariation with salinity,, when in fact there is little 
or no direct relationship between the two. 

We have evaluated the relationship between water 
transparency and delta smelt abundance further 
with a somewhat different analytical approach 

Narthern Delta 
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Figure 78 
SECCHI DlSC DEPTH ANOMALIES 

FOR FIVE REGIONS IN THE UPPER ESTUARY, 1971 TO 1991 
Valum are annual meen anmaliae. wtth 95% confknto W d .  

from that used by Stevens et a1 (1990). First, the 
upper estuary was divided into five geographic 
regions (Figwe 75). This increases the sensitivity of 
the analysis, because water transparency readings 
are not summed between regions that could be 
governed by different processes. Second, seasonal 
Secchi disc depth anomalies were calculated for 
each region. Anomalies were calculated to remove 
the effects of salinity from Secchi disc depth trends 
and, thedore, the covariation between water trans- 
p m y  and delta smelt abundance due to salinity. 
The a n d e s  were then correlated withan appre 
priate measure of abundance (tow-net index, mid- 
water trawl index, or salvage), depending on the 
season and region, summarized in Table 6. 

Results show delta smelt abundance is negatively 
correlated with water transparency. In addition, 
these correlations suggest delta smelt abundance 
in several regions declined significantly with in- 
m i n g  water bans pa^^^^ during various seasons. 
The relationship between delta smelt abundance 
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Salinity Class 
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Figure 79 
DELTA SMELT ABUNDANCE VERSUS SAUNlM CLASS 

All valws am moan hg base 10 akmdance, with 65% can(ldonco inkmls. 
Sa(tnf3. dassos crro rummarked h Table 8. 

and water t r a n s p v  was most often significant 
in tow-net analyses for winter and spring. This 
suggests water transparency has the greatest effect 
on yearclass strength during the first half of each 
year; that is, increases in water transparency may 
adversely affect larval and juvenile smelt during 
the time when DFG believes yearclass strength is 
set (Stevens el a1 1990). If this  lat ti on ship is not 
spurious, the effect may be related to increased 
vulnerability to predation This issue is discussed 
in further detail later in this chapter. 

Thse d t s  suggest an inverse association be- 
tween delta smelt abundance and water transpar- 
encF for which we may hypothesize at least two 
reasonable causal medunism, and they are con- 
sistent with the conclusion of Stevens et a1 (1990) 
that delta smelt year-class strength is set before 
July. Howeverf they do not prove cause and effect. 
Moneoverf autocorrelation problems could detract 
from =liability of the d t s .  Studies designed 
specif~cally to test this relationship are needed be- 
fore a definitive conclusion can be reached. 

TaMe 6 
RESULTS OF CORRELATION ANALYSES BETWEEN 

DELTA SMELT ABUNDANCE' AND 
MEAN SEASONAL ESTlMAJES OF SECCHI DISC DEPTH 

AND SPECIFIC CONDUCTANCE 
FOR FWE REGIONS IN THE UPPER ESTUARY 
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Specific Conductance 

In this estuary, variations in specific conductance 
aredxivenprhnatiyby themovementofsaltwakc 
The southem Delta ~ g i o n  is a notable exception. 
Agricultural drainage water can comprise a sub- 
stantial portion of the water volume in this area, 
thereby altering specific conductance independent 
o f ~ t ~ ~ m o V ~ S p e c i f i c c ~ d U ~ e ~ o  
varies with temperature, so values are usually ref- 
erenced to a single temperature level. Numerous 
chemical and biological constituents are correlated 
with specific conductance, a measuement from 
whfi &ty be d-d (Miuero 1984). 
changes in specific conductance affect the ability 
of delta smelt to regulate their body fluids, and 
exposure to water outside its optimal salinity 
range are physiologically stressful 

Specific conductance directly affects distribution 
of delta smelt, which appears to have an optimal 
salinity range above or below which abundances 
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decline (Figure 79). Tow-net and midwater trawl 
catches indicate delta smelt are most abundant 
between 800 and 7700 @/an (0.45-4.4 ppt).  his is 
consistent withMoyle et a1 (1992), who found delta 
smelt in salinities from 0 to 14 ppt, with a mean 
value of 2 ppt. 

Long-term trends show specific conductance has 
varied substantially within and among regions of 
the upper estuary over the last 20 years (Figure 80). 
In all regions, specific conductance was highest 
during drought periods (1976-1977 and 1987-1991) 
and lowest during wet periods (1975 and 1983). 
However, even with the large variation and lengthy 
droughts, specific conductance has not exceeded 
the upper end of the salinity range in which smelt 
are most abundant (7700 @/an) in three of five 
regions examined. In Suisun Bay, specific conduc- 
tance has exceeded the salinity range for delta 
smelt almost every year between 197l and 1991, 
and since 1983 specific conductance has remained 
above 7700 @/an for extended periods. In the 
western Delta, specific conductance has exceeded 
the salinity range for delta smelt only during five 
drought years (1976,1977,1987,1988,1990). 

Because specific conductance has such a major 
influence on the estuarine environment, further 
analyses were conducted to explore the possibility 
of a relationship between salinity and delta smelt 

Figure 80 
MEAN MONTHLY SPECIFIC CONDUCTANCE 

FOR FIVE REGIONS IN M E  UPPER ESTUARY, 1971 TO 1991 

abundance and distribution Mean seasonal spe- 
cific conductance values were correlated with 
appropriate measures of delta smelt abundance on 
a regional basis, summarized in Table 6. Although 
one significant relationship was found, most re- 
sults showed no significant relationship between 
seasonal specific conductance and delta smelt abun- 
dance. These results are consistent with the inter- 
pretation of long-term specific conductance data, 
which show substantial variation, primarily within 
the salinity range of delta smelt except in Suisun 
Bay. 

No long-term relationship between delta smelt 
abundance and specific conductance inSuisunBay 
is evident, but the major decline in delta smelt and 
the most substantial increases in specific conduc- 
tance did not occur until after 1983. Comlations 
between delta smelt abundanceandmeanseasonal 
specific conductance in Suisun Bay between 1984 
and 1991 show a significant relationship only for 
spring (r=-0.70; Pd.05). This anal sis suggests r; delta smelt may have been affected y the higher 
springtime (April- June) specific conductance 
levels in Suisun Bay after 1983. 
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Catches of delta smelt have also dedinedinsuisun 
Marsh As with many other measures of delta 
smelt abundance, the turning point was 1983, after 
which only fom delta d t  have been mu@ 
(Moyle d ul 1992). Since 1903, monthly lalh*y 
values in the Suisun Marsh sampling region have 
exceed& the upper salinity range (44 ppt) where 
delta smelt a~ most abundant 36% of the time; 
between 1979 and 1982, monthly dhity  values 
exc- the upper range a% of the time. AI- 
though m e  &ts suggest a y  
levels could be limiting the dis-tion of delta 
smelt in Suisun ~ a r s h ,  both salinity and -1t 
abundance have varied in this region (Figure 81). 
In fact, the increased variability in salinity may be 
limiting the occurreMe of delta sm& in 
Marsh rather than the incidence of e t y  values 

excess of a t y  range. H- thw 
sults do suggest salinity levels and/or variability 
in Suisun Marsh may be adversely affecting delta 
smelt in this region 
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MEAN MONTHLY CATCH OF DELTA SMELT AND 
AVERAGE MONTHLY SALINITY IN SUlSUN MARSH, 

1974 TO 1990 

Factors That May Influence 

Contaminants 

Toxic contamhnb have been identified as a factor 
that could afkct delta smelt sunrival (PWS 1991). 
POmible p~lluhnts include heavy metals, pesti- 
cides, herbicides, and polycyclic aromatic hydro- 
aarbom- Although Con taminants in the water 
column are probably the threat to delta 
smelt, sediment interactions are also a concern 
There is good evidence that ollutants in sedi- 
ments may have significant e B? ects on the biota of 
the benthic environment, evenat low levels (Elder 
1988)- 

Delta smelt eggs attach to rocks, gravel, or vegeta- 
tion (M0yk 1976). Where these substrates Contact 
sediments, interactions with con taminants are 
~wible .  Delta smelt h m e  are generally pekgic 
rather than benthic (Moyle 19761, but they may 
also be at risk because significant numbers of larval 
and juvenile delta smelt have been observed near 
the bottom (Randy Baxter, DFG, unpublished data; 
Randy Mager, UC-Davis, unpublished data; also 
dAgriculhual  Diversions" earlier in this chap- 
ter). Finally, there is evidence that disease occurs 
moxe kquently in fish larvae that contact toxic 
materials on the bottom in marine environments 
(Mearm, cited by Moyle and Cech 1988). 

No toxicity studies have been conducted to verify 
the degree to which pollutants in water and sedi- 
ments affect delta smelt. Available information is 
limited to monitoring of toxic compounds m the 
Delta and studies on other species. An epidemio- 
logical approach to evaluation of the influence of 
contaminants on delta smelt could, however, be 
developed by regressing abundance indices for 
each region of the Delta against monthly data from 
contaminant monitoring programs. Suchstatistical 
analysis could provide some indications, by infer- 
ence, of the importance of contaminants to delta 
smelt survival, particularly for larval suwival 
Moreover, the Fihand Wddlife Service is studying 
levels of contaminants in several areas of the Delta 
where delta smelt are known to spawn, and these 
data should be available shortly (Schwartzbach, 
pers comm, 1994). 
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Monitorinn of Contaminants 

Concentrations of 9 tracemetah and 39 chlorinated 
organic pesticides in the water column are meas- 
ured biannually at 11 sites in the Delta and Suisun 
Bay. A report on Delta water quality during 1990 
shows that the concentration of trace metals has 
decreased or remained the same since 1987, except 
for total iron concentration, which hmased some- 
what in 1990 (DWR 1992b). Between1987and 1990, 
organic pesticides were rarely found at concentra- 
tions abwe the minimum reporting limit. How- 
ever, heavily localized or pulse events are rarely 
detected by the biannual survey. U.S. Geological 
Survey monitoring has found that volumes of agri- 
cultural water dbchaxged into the Sacramento and 
San Joaquin rivers may persist as a toxic pulse 
through the Delta (Kuivila ef a1 1992,1993; Meyers 
ef d 1992). Compounds measured included moli- 
nate, carbofumn, thiobencarb, and djazinon, which 
were ptesent at levels in excess of Environmental 
Protection Agency maximum criteria for aquatic 
life. Foe and Sheipline (1993) provide additional 
evidence that orchard and alfalfa pestiade runoff 
from the Central Vdey often occurs at toxic levels. 

San Francisco Regional Water Quality Control 
Board studies found cadmium, copper, chromium, 
nickel, lead, zinc, and mercury in sediments from 
Grizzly Bay and the Sacramento River within the 
range of delta smelt. These sediments have been 
found to be toxic to invertebrates in April, when 
larvae and young delta smelt occur in the system 
(Taberski ef a1 1992). Even if pollutants in the sedi- 
ments do not directly affect delta smelt eggs or 
larvae, studies on heavy metal accumulation in 
waterfowl of San Francisco Bay (Ohlendorf et uf 
1986) and selenium accumulation in Suisun Bay 
(White et d 1989) demonstrate that impacts through 
the food chain are a heat. 

Effects of Contaminants on Fish Species 

No toxicity skdies have been conducted on delta 
smelt0 but there is evidence of problems for related 
species and other Delta fish A 1978 study exam- 
ined the effects of ollution on smelt populations 
(Osmerus eperlanus P in the lower River Elbe, Ger- 
many (Kohler and Holzel1980). The river system 
was charaderked by high levels of heavy metal 
pollution, pesticides, and polychlorinated bi- 
phenyls. In the  stud^ smelt captured in the polluted 
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Elbe showed severe liver problems compared to 
those from unpolluted areas in the North Sea. 

Toxic substances have also been implicated in the 
mortality of striped bass at d i f f e  life stages and 
may have played a role in their decline (Foe and 
Connor 1991). During the mid-1970s, increased 
applications of rice pesticides resulted in a seven- 
fold increase in toxic contamination in the Sacra- 
mento River flowing into the Delta. Bioassays 
showed that drain water entering the Sacramento 
River was toxic to striped bass larvae (Foe 1988, 
1989). Foe (1989) also developed a correlation 
model, which showed that application rate of the 
rice pesticide methyl parathion accounted for a 
statistically significant portion of the variance in 
the young-of-the-year striped bass index. 

The toxicity of agricultural dkharges is supported 
by studies of the Colusa Basin Drain by UC-Davis 
(Bailey 1992). Drain water was found to be toxic to 
striped bass larvae for three consecutive seasons 
(1989 to 1991). The study also found a s i e c a n t  
portion of the annual variation in striped bass 
recruitment from 1973 to 1988 could be accounted 
for by the level of rice pesticide used. Evidence also 
suggests that toxicity may have been reduced in 
1991 and 1992 after a practice of holding irrigation 
water on fields throughout the growing season 
was implemented. However, striped bass did not 
increase in response to this change. 

Studies of striped bass kills provide more evidence 
of possible toxicity problems. In May and June 
each year, up to hundreds or thousands of dead . 

adult bass are -in the estuary, pparticularly in Car- 
quinez Strait In 1985, researchers from UC-Berkeley 
discovered that moribund striped bass collected in 
a die-off showed liver disease &function, a possi- 
ble indication of chronic problems from toxins 
(Brownet a1 1987). This hypothesis is supported by 
Cashman et al(1992), who found that livers from 
moribund striped bass we= p t l y  contaminated 
by chemicals compared to those from healthy fish 
caught in the Delta and Pacific Ocean. Contami- 
nants included a variety of industrial, agricultural, 
and urban pollutants, and no one causative agent 
could be identified. 

Other evidence of toxic contamination comes from 
D. Hinton and W. B e ~ e t t  of UC-Davis. About 26% 
of the striped bass larvae they sampled in the &lta 
in 1988 and 1989 exhibited liver abnormalities 
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mortality of juvenile Chinook salmon and striped 
bass. Althoueh the sam~les were collected consid- I 

characteristic of exposure to toxic dremicals. How- 
ever, no quantitative estimates of mortality were 
made (Bennett et ul 1993). Liver histology studies 
have been funded by the Interagency Program to 
determine whether toxins are a significant prob- 
lem for delta smelt (Sweetnam 1992). 

F M y ,  research from the San Joaquin River basin 
indicates subsurface agricultural drain water may 
be toxic to juvenile fish. Saiki et ul(1992) demon- 
strated that water samples collected from an agri- 
cultural drain south of the Delta could cause 

ships, intentional introductions for specific pw- 
poses, and the ornamental or aquatic pet trade 
(Stewart 1991). Given the large number of exotic 
fish and inve!rtebrates introduced into this estuary 
(Hymanson 1992), new pathog& have likely 
entered the system, but there is little evidence as 
to whether disease or parasites sigdhntly affect 
the abundance of delta smelt or impede species 
recovery. The limited observations are discussed in 
the following sections. 

&ably upsh;am of d& smelt spawning areas, 
drain water may com rise a significant portion of 
the streadlow in the &m Joaquin~iver during the 
irrigation season 

Although experimental studies of the effects of 
con taminants on delta smelt have not been con- 
ducted, indications of potential adverse effect are 
quite strong. Concentrations of toxins in thecentral 
Delta and Suisun Bay may be highest in dry years 
and could, thedore, explain some of the apparent 
relationship between year type and delta smelt 
abundance. Although the demonstrated effects of 
con taminants on striped bass larvae and juvenile 
Chinook salmon may be argued to be only indirect 
evidence of a potential effect on delta smelt, dern- 
onstrated impacts on relatively robust indicator 
species such as juvenile Chinook salmon and 
striped bass argue strongly for impacts to larval 
delta smelt. In human health, similar findings of 
toxicity in laboratory indicator species are consid- 
ered adequate for fonnulation of public health 
policy. There is good, though inditect, evidence to 
suggest that contaminants may play a role in delta 
smelt abundance. 

Disease and Parasites 

Potential impacts from disease and parasites on 
fish range from datively mild impahnent of 
health to No doubt a ~ h t i v e l ~  anall 
percoltage of infections h o r n ,  for these 
the knowledge is incomplete. A major concern is 
that Wide~pI'ead htroduCti0ns of path0gen~ haw 
occurred through dkharge of ballast waters from 

In m e  years, disease is thought to cause wide 
spread mortality of carp and white catfish in the 
estuary, but mortality of delta smelt has not been 
specifically observed (Stevens et a1 1990). Continu- 
ing studies at UC-Davis may help to resolve this 
issue. In parlicular, recent attempts to culture delta 
smelt have been hampered by several parasitic and 
bacterial infections. The most serious problem is 
Mycobactdm, a genus of bacteria known to cause 
chronic infections in fish and other ecies. The 7' disease appears to be the major cause o delta smelt 
mortality in the laboratory, and it may cause deaths 
among wild fish as well. 

The Interagency Program is funding studies by 
UC-Davis that include estimation of the incidence 
of infection among wild populations and evalu- 
ation of water temperahue effects on bacterial in- 
fections (Hendrick 1993). 

Parasites 

Information about parasites is limited to general 
studiescnother Deltaspecies. E d W a n d N a h h a s  
(1968) and Hensley and Nahhas (1975) found that 
many types of protozoans, trematodes cestodes, 
nematodes, and crustaceans infect at least 28 spe- 
cies of Delta fish. Fish andGame (1989) also lleports 
that striped bass in the Delta more heavily 
wested with parasites than on the Atlantic 
cmt, indicating that the Delta fish may be mae 
susceptible to infection (possibly because of 
greater enviro~nental degradation from toxicants 
md or that the has poor de 
fm endemic parasites. 
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Interbreeding with Wakasagi 
(Pond Smelt) 

Under the assumption that delta smelt and wakasagi 
were the same species, wakasagi was introduced 
in 1959 from Japan into several California lakes 
and mwrvoirs as a forage fish for trout (Wales 
1962). Wakasagi are present in Folsom Lake, 
AmeFican River., Sacramento River, Mokelumne 
River, and Cache Slough Adults have been ob- 
served in Folsom Lake (1992), PGdrE's Pittsburg 
and Contra Costa power plants (1990)" and at the 
SWP and CVP (1994) (J. Wang, pers comm). If 
wakasagi were to become established in delta 
smelt spawning and rearing habitat, delta smelt 
could be outcompeted and displaced. 

Due to the immigration of h g i  from Central 
Valley rese~oirs to the estuary, Sweetnam and 
Stevens (1993) suggested that the possibility of 
genetic dilution of delta smelt by wakasagi has 
increased. For genetic dilution to occur, delta smelt 
and wakasagi must be able to interbreed. Results 
from electrophoretic studies confirm that delta smelt 
and wakasagi are distinct species, and there is as 
yet no indication of hybridization (Stanley et a1 
1993). However, Wang has reported a morphology 
of smelt showing characteristics of both delta 
smelt and wakasagi; the ""question-mark smelt", 
as they are now referred to, cannot be identified 
to species (J. Wang, pers comm). Electrophoretic 
studies are scheduled to be conducted on the un- 
identifiable smelt. If hybrids are fonning, they are 
likely to be sterile (P. Moyle, pers comm). The 
presence of large numbers of hybrids in the popu- 
lation could, nonetheless, reduce reproductive 
success if '"pure"" strains attempt to spawn with 
these individuals 

Misidentification due to the similarities between 
the two taxa poses another signifmnt roblan. It 
is virtually impossible to distingui $I between 
delta smelt and wakasagi larvae less than 30 mm 
(J. Wang, pers comm). The "'question-mark smelt", 
which maybe a hybrid of delta smelt and wakasagi 
or an entirely different species of smelt, makes 
identification even more diflicult. 

Spawning Stock Size and 
Year-Class Strength 

Examination of year* strength as a potential 
factor controlling delta smelt abundance is based 
on the stock-dbnent theory. Y e a r d  mgth 
is the measure of recrdtment, or the numbers of 
young alive at same future time that were pro- 
duced by the adult stock The stock-recruitment 
relationship definesthestock'sability toreplenish 
itself as stodc size is reduced by exploitation 
(Koslow 1992). 

In general" attempts to relate recruitment in fish 
and other populations to parent stock size have 
been largely unsuccessful on an empirical level 
(Hankin 1980). Lack of definable stock-recruitment 
relationships is a consequence of the early life 
history strategy of fish, high fecundity and high 
mortality rates. Given that mortality is an expo- 
nential process, small deviations in mortality lead 
to large changes in survivorship, which may ob- 
scure the stock-recruitment relationship (Koslow 
1992). Therefore, recruitment may appear to be not 
related to adult stock size or only weakly and 
linearly related to stock size, except when spawn- 
ing stock is exceptionally high or low. 

No fishery is known to s i w d y  affect the abun- 
dance of delta smelt. However, fishin harvest f may not be limited to angling or netting, ut could 
also be considered as salvage catch or entrahment 
at water diversions. Due to the I-year life cycle of 
delta smelt, adult smelt abundance may be limited 
by abundance and, consequently, egg production 
of adults in the previous year. Moreovet, historical 
relationships between adult abundance and juve- 
nile production could provide a valuable tool for 
development of take limits. 

The stock-recruitment relationship for delta 
smelt has been examined in Stevens et a1 (1990), 
Moyle et a1 (1992), Kimrnerer (1992b), Sweebnam 
and Stevens (1993), and most recently by Water 
Resomes (1993). These analyses differed in the 
types of abundance indices used, the years ana- 
lyzed, and the types of statistical analysis (Table 7). 
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Table 7 
SUMMARY OF STOCK-RECRUITMENT ANALYSES FOR DELTA SMELT 

L s v s l o f ~ ~ ~ n d g i v o n ~ n d o d  

~nalysls Type d Analysis index Years 12 N 

SWms etd(1990) NonlinwRegresskn Taw-Net 1959-1 990 0.067 26 
Nonlinear TOW-New Midwater T W  19881988 0.096 18 
NarSnear Fa! MidwaterTiawl 1967-1 989 0236 19 

Moyle et al(1992) Not Stated Fa! M h b r  Trawl 1967-1 989 024 19 

Kbronerer (1 992) UneatRegresskn composbl 1959-1 991 0.79" 32 
Uneat Fell Mid~aWTrawl 1987-1 991 0.392" 20 

Sweetnam & Stems (1993) Nodinear Fall MidwaterTrawt 1967-1 992 023 21 
Linear Fad Midwater Trawl 1967-1 992 024 21 

S ~ e e t ~ ~ n  (1994) Unear Fall Midwater TFawl 1967-1 993 0.171 22 

Dqwbmt of Water Resources Nonllw Fall Midwater Tmwl 1967-1 991 0.32 20 
Linear FaIl Midwater T d  1967-1991 0.392" 20 
Nonlinear Fa0 MidwaterTmwl 1967-1 992 0227 21 
Unear Fa0 Midwater Tmwl 1967-1 992 0266. 21 
Spearman Rank Fa! Midwater Trawl 1967-1992 14.62" 21 
ConelationTest 

Linear Fa0 Mldwater Trawl 1967-1 993 0.179' 22 
Unear Fa0 Midwater TIWITOW--Net 1967-1 994 0245 24 
Linear Tow-Net 1960.1 994 0262" 31 
Linear Tow-NeWl Mkhvater Trawl 1967-1 993 0.394 23 

p4.05 
" p 8.01 
1 C o m p o s B e t n Q x ~ ~ o d ~ ~ t h o ~ ~ c o m ~ a f ~ ~ t ~ m ~ O T t r a w l , a n d S W P ~ . T o b t l d a f e ~ m u l t i p l o r o g r o s r r b n ~  

w a d , w h W l i n d u Q d ~ n d m l s s l n g & ~ y o a r a n d t k ~ p a r ' c c o m ~ i n d o x .  

Analysis by Stevens et a1 (1990) using midwater 
trawl dataf which was also presented in Moyle et 
a1 (1992), inadvertently included two pairs of SR 
data in which the measure of recruibhent occurred 
2 years later than the stack measumnent. This may 
have affected d t s f  given the I-year li£espan for 
most delta snelt. Fish and Game updated this 
analysis using corrected data points and revised 
midwater trawl indices through 1992 (Sweetnam 
and Stevens 1993), superseding the earlier efforts. 

Analysis of the stock-recruitment relationship for 
this assessment reviewed the analyses of midwater 
trawl data by Kimmerer (1992') and Sweetnam 
and Stevens (1993). The SR relationship using the 
midwater trawl data in Table 8 was examined 
using nonlinear regression (Beverton-Holt SR 
model), linear regression and log transformation 
techniquesf and nanparametric statistics. 

Stevens et a1 (1990) analyzed the SR relationship 
using the striped bass summer townet data for 
1959 to 1990, a combination of summer tow-net 

I 
and fall midwater trawl data, and the midwater 
trawl data for 1967 to I989 (pi- 82). They found I a weak SR relationship for all three datasetsf but 
no indication was given whether the relationship 
was significant or not. The best SR relationsllip 
could account for about one-fourth (A0.236, 
N=19) of the variability in recruitment abundance 
based on midwater trawl data only. 

More recent examinations of the &itionship based 
on midwater trawl data again found spawning 
stock accounted for about one-fourth of the vari- I ability (&Oaf N=21) in Sweetnam and Stevens 
(1993) (Figwe 83) and in our analysis (p4.05, 
a .227 ,  N=21) (Table 7). I 
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Tabla 8 
FALL MIDWATER TRAWL ABUNDANCE INDICES 

USED IN STOCK-RECRUITMENT ANALYSIS 
@aleeomDoparbnaItafFishendaeme) 

Year' stock Recndtment 

1968 41 5 697 
1969 697 31 6 
1970 31 6 1678 
1971 1678 1305 
1972 1305 1267 
1 973 1267 1146 
1976 698 338 
1 977 338 480 
1978 403 !i72 
1981 1651 375 
1 982 375 346 
1983 346 1 32 
1984 132 1 82 
1 985 182 109 
1986 109 21 2 
1987 212 280 
1988 280 126 
1989 126 366 
1990 366 363 
1991 363 689 
1992 689 157 
1993 157 1078 

Yew recnrIhnonl wae measwed. No cdock akmdence date were 
mUabbknroadlmerd~ears 1967.1915,end 1980,whkh 

60 "I; 

Figure 82 
SPAWNERRECRUIT REMTIONSHIPS FOR DELTA SMELT 

A Tw-nel Mac (spawnors) and taw-ml inda br the blolhwing pafa (roau8e). ~ s m g t h  of the fitionship suggests environ- I a u m r r a  w [~lmn) ns t- tho wwiw YW wxub). 
mental factors other than st&k s& are limiting 
delta smelt abundance, but stock size may be a 
contributing factor. Sweetnam and Stevens (1993) 
indicated that spawning stock size may be more 
important than previously thought, in that losses 
of adult spawners may have played an important 
role in the delta smelt decline and may inhibit 
recovery. 

Another statistical method used was linear regres- 
sion and both log-transformed and untransformed 
datasets. Kimmerer (1992) found a significant re- 
lationship between M t m e n t  and parent stock 
size for delta smelt based on his composite index 
of summer tow-net, fall midwater trawl, and SWP 
salvage operation data and to a lesser extent based 
on the midwater trawl abundance indice (Figure 
84). The composite index, calculated as the first 
principal component of the three indices, ex- 
plained 79% of the variance in the three indices 

(p4.01, r2=0.79, N=20) and is, therefore, regarded 
as a surrogate for all three in repmenthg the 
general trend in smelt abundance. His analysis of 
midwater trawl data for recruitment years 1968 to 
1991 showed a larger and significant portion 
(pe0.01, r2=0.392, N=20) of the variance in recruit- 
ment could be explained by adult stock size. 

Our results using the same database support Kim- 
merer's findings based on midwater trawl indices 
(p4.01, a . 3 9 ,  N=20). Recently, however, these 
indices have been revised for some years. Inclusion 
of the 1992 recruitment data and revised indices 
resulted in a decline in the amount of variability in 
recruitment attributed to spawning stocksize from 
39% to 27% (p4.05&0.266, N=21). A similar 
analysis by Sweetnam and Stevens (1993) using 
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F w  83 
SPAWNER-RECRUIT RELATIONSHIPS FOR DELTA SMELT 

BASED ON THE 
FALL MIDWATER TRAWL ABUNDANCE INDEX 

SpaaRlmmro~tythoabundanreinQr 
RoendberoreprwtntodtytheakedaneoMbrtheblkwlngyoat. 

WCQ: swoohram and Slevon, 1883. 

nontransformed data found spawning stock ac- 
counted for 24% of the variability in recruitment 
(no level of significance stated, A0.24, N=21). 

Because stock and rewitment are not typically 
nonnally distributed, the significance of the SR 
relationship was also examined nonparametrically 
using Spearman's rank correlation test. A sig- 
nificant positive association (p4.01, Spearman's 
correlation c-ent = 0.622, N=21) was found 
between stock and remuitmat for 1967 to 1992 

The updated stock-recruitment relationship based 
on the midwater trawl index through 1993 indi- 
cates that a small but marginally &@cant amount 
(fall-falk 14.179, p4.05, n=Z) of the variability 
in recruitment can be attributed to spawning stock 
size (Table 7). However, Fish and Game's analysis 
of the fall-fall relationship was not significant 
(?=0.17l, p-0.056, n=Z) (D. Sweetnam pers ccxun). 
The diffemxe in results may be due to differences 
in rounding of the index values by computer. 

I L ~ r s U P U t a l W P E X ~ O )  

Figure 84 
DELTA SMELT STOCK-RECRUITMENT RELATlONSHlP 

USING THE COMPOSITE ABUNDANCE INDEX AND THE 
MIDWATER TRAWL INDEX 

Thd mIdwalatrawl regmbn b signiffcant (~~0.01, b . 3 9 ) .  
Source: Kbnmora 1882 

The previous analysis of the fall index through 
1992 yielded a slightly stronger relationship be- 
tween stock and recruitment (r2=0.266, p4.05, 
n=21). Despite a small spawning stock in 1992, 

I 
there was a dramatic rebound in delta smelt abun- 1 dance (recruits) in 1993. Similarly, d t m e n t  was 
the highest on record in 1970, yet the spawning 
stock was fairly low (Table 8, F i p  82). Thus, the 
spawning stock may not need t6 be large for the 
species to perpetuate itself0 as postulated by Moyle 
and Herbold (1989). Conversely, a large spawning 
stock does not necessarily xemlt in a large recruit- 5 
ment, as the 1981 recruitment indicates. Based on 
stock-recruitment data from 1967 to 1993, it does 
appear that smaller delta smelt stocks will8 in gen- 
eral, produce low to moderately low recruitment, 
but good enviro~nental conditions could create 

I 
large year classes despite small spawning stocksks I 
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Additional analysis using the fall midwater trawl 
index and summer tow-net index also indicate that 
stock size is an important contributing factor to 
recruitment (Table 7). About 25% of the variability 
in recruitment in the summer (tow-net index) can 
be attributed to the spawning stock size in the 
previous fall (midwater trawl index) (fall- 
a .245 ,  pd.05, n=24). Similarll~ summer stock 
size accounts for a sigdcant amount of the vari- 
ability in recruitment the following summer 
(summer-. r2=- .262, p4.01, n=31). It is 
also important to note that summer d t  abun- 
dance explains about 40% of the variability in 
abundance of delta smelt in the fall (summer-falk 
A0.394, pd.01, n=23). 

In summary, the strength of the relationship still 
suggests factors other than stock size (ie, environ- 
mental) are limiting delta smelt abundance, but 
stock size! may be a contributing factor. Application 

of this stock-recruitment theory to the delta smelt 
population suggests that below some level of 
spawning stock the ability of the population to 
continue is probably hindered and recruitment sig- 
nificantly impaired This supports the basic con- 
clusions of Stevens et a1 (1990) and Moyle ef d 
(1992). Fish populations are typically regulated 
mainly by highly variable )actors (ie, predation, 
envhmmental variability, food availability) unre- 
lated to stocksize, except at extremes in population 
size (Strong 1986, cited by Koslow 1992). Sweet- 
narn and Stevens (1993) also suggest that environ- 
mental factors cause much of the annual variation 
in delta smelt abundance but indicated that losses 
of spawning stock size may be more important 
than previously thought, in that losses of adult 
spawners may have played an important role in 
the population's recent decline and may inhibit 
recovery. 
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BASIC BIOLOGY AND LIFE HISTORY 

OF SACRAMENTO SPLITTAIL 

Taxonomy 

The Sacramento splittail (Pogonichthys manolepi- 
dotus; Family: Cyprinidae) is one of California's 
largest native minnows. First described in 1854 by 
W.O. Ayres as kauisms mamo@&&s and by S.P. 
Baird and C. Girard as Pogonichfhys inaequilobus, 
the official genus name Pogonichfhys was accepted 
in recognition of its distinctive characteristics 
(Hopkirk 1973). The genus consists of two species, 
I? ciscoides and I? manolepidotus. However, I? cis- 
&, or the Clear Lake splittail, which we= only 
known from Clear Lake, Lake Counv, California, 
became extinct in the early 1970s (Moyle et a1 1989; 
Moyle 1976). 

Morphological characteristics of the Sacramento 
splittail have been described by Moyle (1976) and 
Moyle et a1 (1989) as follows: 

SplHall are large cyprlnlds, growing in excess of 
300 rnm SL (up to 400 mn maxlmurn), and are 
distinctive in havlng the upper lobe of the cau- 
dal fin larger than the lower lobe. The body 
shape is elongate with a blunt head. Small bar- 
bels may be present on elther side of the sub- 
terminal mouth. They possess 14 to 18 glU rakers, 
and their pharyngeal teeth are hooked and 
have narrow grindlng surfaces. Dorsal rays n m  
ber from 9-10, pectoral rays 1619, pelvic rays 
8-9, and anal rays 7-9. The lateral llne usually has 
6062 scales, but ranges from 5744. The fish are 
Wer on the sldes and olive grey dorsally. Adults 
develop a nuchal hump. During the breeding 
season, the caudal, pectoral, and peMc fins 
take on a red-orange hue and males develop 
small white nuptlal tubercles in the head reglon. 

Some taxonomists believe the splittail is related to 
native cyprinids of Asia (Howes 1984). Sacramento 
spIittail are thought to be one of the most primitive 
North American cyprinids (Hopkirk 1973). 

Historical and Current Distribution 

Sacramento splittail are endemic to California and 
w e  once widely distributed in lakes and rivers 
throughout the CentralValley (Moyle 1976; Moyle 
et PI 1989; - R e  1908). Splittail  we^ one of the 
most abundant minnows in the Sacrameno-San 
Jose Delta up through the 19709 (Moyle 1976; 
Caywood 1974). Their historical range in the Sac- 
ramento Valley included the Sacramento River as 
far north as Redding the Feather River upstream 
to OroviUe, and the American River upstream to 
Folsom. In the southern Central Valley they ranged 
to the Merced River at Livingston and the San 
Joaquin River at Fort Miller (Friant Dam site) (Rut- 
ter 1908). Snyder (1905) reportedcollecting splittail 
from southern San Francisco Bay and at the mouth 
of Coyote Creek in Santa Clara County. No other 
splittail have been collected in this part of San 
Francisco Bay (Iaidy 1984; Wang 1986); however, 
in 1982, the Department of Fishand Came reported 
catching larval splittail in central San Francisco 
Bay near Berkeley Marina following high outflows 
(K. Hieb, DFG Stockton, pers comm, reported in 
Wang 1986). 

Sacramento splittail distribution currently in- 
cludes Suisun Bay, Suisun Marsh, Napa River, 
Petaluma River, Sacramento River from Knights 
Landing upstream to Princeton, portions of the 
Sacramento-San Joaquin Delta, and other tributar- 
ies to the Bay/Delta estuary (Caywood 1974; 
Moyle 1976; Daniels and Moyle 1983; Meng 1993; 
Moyle et d 1989; Spaar 1988; Wang 1986; IEP 1% 
FWS 1994). Splittail are mtricted to the lower Sac- 
ramento River below Red Bluff Diversion Dam 
apparently due to an inability to negotiate the 
structuze (Moyle et a1 1989). Splittail have been 
found in San Pablo Bay and Carquinez Strait from 

I February through April when salinity was less ' than 5 ppm (Messemnith 1966; Moyle 1976; Wang 
, 1986). Recent stream sweys in the San Joaquh 
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Valley reported observations of splittail in the San 
Joaquin River below the mouth of the Mexed 
River and upstxeam of the confluence of the nol- 
umne River (Saiki 1984 cited in Moyle et 01 1993). 
Further s u ~ ~ e y s  a . ~  mcessaq to determine the 
extent of splittail range in the San Joaquin River 
and tributaries. An Jnkragency Program study is 
planned for summer 1994 to help address this 
question (Baxter 1994). 

Life Cycle 

Life M o ' y   ti^ and ecology of splittail 
have been described by C a y ~ d  (197418 Daniels 
and Moyle (1983)t M O Y ~  (1976)t M O Y ~ ~  (1989)t 
and Wang (1986). Splittail are endemic to Califor- 
nia, with a moderately complex life cyde tied to 
wawnal flooding in the central valley. Fig~re 85 
is a simpwd lifecycle rV-tio% 86 
is a generalized periodicity chart of life stages. 

Apparently unique for minnows, adult splittail 
seem to haw a distinct ups- migration in late 
fall and early winter prior to spawning. Their We 
cycle cons* of mature adults ( s h y  Year 2+) 
spawning over an extended perid frommid-win- 
ter through mid-summer (July; Wang 1986), eggs 
and larvae from early spring to summer8 and juve- 
niles fnnn SUmmer through )all SOXk'l&he~ Up to 3 
years old before m a w g .  Specific life history 
characteristics and requirements for adults, eggs 
and larvae, and juveniles are discussed below. 

Adults 

Sacramento splittail are a relatively long-lived 
minnow, maching ages of 5 and possibly up to 
7 years (Moyk et a1 1989; Caywood 1974). Both 
males and females usually reach adult sexual ma- 
turity in their second year, at 180-200 mm mh 
and Moyle 1983)- - adult growth rate ranges 
from 5 to 7mm per month During gonad develop- 
menb primarily between September through Feb- 
-8 the growth rate slows to less than 5 per 
month @aniels and Moyk 1983)- largest re- 
corded splittail have measured about 400 mm 
(Caywood 1974; Daniels and Moyle 1983). 

Adult splittail reach sexual maturity at about 
2 years (Caywood 1974; Daniels and Moyle 1983). 

Baslc Blolom and 

Variation in the age of maturity was described 
by Caywood (1974), observing that some males 
mature at the end of their first year and a few 
females mature in the third year. Wang (1986) 
noted male sexual maturity by the end of the first 
year and female maturity by the first or second 
year. Gonad development is usually initiated in 
fall, and gonads reach full maturity by late winter 
or early spring. Full developed ovaries can 
account for up to lS00 7 of the total female body 
weight as compared to the testes of males, which 
approach only 2% of their total body weight 
@aniels and Moyle 1983). The ova apparently 
mature at rates. Wang (1986) found eggs 
of various sizes and stages of development from 
females collected in the estuary, indicating that 
spawning may occur over extended periods. 

Splittail have high w d i t y ,  like most cyprini&, 
Caywood (1974) documented fecundity ranging 
from 5,000 to 100,800 eggs per female. Daniels and 
Moyle (1983) measured fecundity of 20 females 175 
mm SL or larger collected from January through 
March in Suisun Marsh and found from 17,500 to 
266,000 ova per female. It was also observed that 
fecundity i n m d  with lenw and weight of the 
female. Generally, female splittail produce more 
than 100,000 eggs each year (Moyle et a2 1986). 

 he spawning perid of splittail seems to vary 
depending on environmental conditions such as 
water temperature, photoperiod, seasonal ~nof f#  
and possibly endogenous factors SpliWmay have 
a protracted spawning period based on the ob- 
served variations in size and development of eggs 
sampled from individual females (Wang 1986) and 
on salvage d t s  for young+f-the-year splittail 
and the CVP and SWP fish facilities. 

T j g  of SPW r g , r o d ~ & ~ ~ ~  has variedbetween 
different locations during separate invdgati-. 
In the upper Delta in 1973 and 1974, splittail 
spawned in early March through mid-May (Cay- 
wood 1974). In a Suisun Marsh study from 1979 to 
1982, splittail spawned in late April or early May, 
with young-of-the-year fish collected in late May 
or early June @aniels and Moyle 1983). From 1978 
to 1983, samples of larvae collected indicate that 
splittail spawned in tidal -water and olig* 
haline habitats such as Monbuma and Suisun 
sloughs and San Pablo Bay, from late January or 
early Febnrary through July (Wang 1986). 
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Environmental factors, including water tempera- 
ture and photoperiod, influence the timing of 
reproductim for many fish species (Bye 1984; Crim 
and Glebe 1990; Lam 1983; Bromage and Duston 
1986). Daniels and Moyle (1983) stated that increas- 
ing water temperature and photoperiod with the 
onset of spring and summer appear to trigger 

spawning activity for splittail in the Bay/Delta 
estuary. However, they also found that spawning 
success was correlated with outflow. The relation- 
ship with temperature and day length may be less 
important. Splittail spawning occurs in water tem- 
peratures from 9 to 20eC between January and July 
(Caywood 1974; Wang 1986). i 
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T i g  and magnitude of winter and spring runoff 
may be more significanf in determining the spatial 
and temporal distribution of splittail spawning in 
the estuary (Caywood 1974; DFG 1992; Daniels and 
Mo le 1983; Meng 1993,1994; Moyle 1976; Moyle r et a 1989; Wang 1986). This is supported by corre- 
lations of strong year classes with annual, monthly, 
and seasonal high outflows that flood peripheral 
areas of the estuary @aniels and Moyle 1983; 
Meng 1993,1994). Spawning activity of splittail 
occurs during high nmoff in winter and spring, 
c m w i t h  flooding of low-lying floodplains. 
Normally, runoff patterns in the Central Valley 
peak in winter during large storms and again in 
spring during snowmelt. The possiile effect of 
these events on the spawning migration of splittail 
is dismsed in Chapter 8. Flooding during these 
periods provides the shallow water areas of sub- 
merged vegetation that create spawning habitat 
for splittail (Caywood 1974; Daniels and Moyle 
1983). 

Endogenous cycles of the fish can control spawn- 
ing behavior and timing despite environmental 
conditions. Some indication of intemal factors in- 
fluencing splittail spawning is seen in variability 
of splittail spawning period assodated with the 
age of adults. Caywood (1974) obsenred that older 
individuals spawn earlier in the season than 
younger fish 

The range in spawning periods observed in pre- 
vious studies and the variation in development 
and size of eggs and collection of fry and juvenile 
fish over several months support the theory of 
protracted spawning periods for splittail. Fur- 
ther research could determine the influence of in- 
ternal factors and environmental conditions on 
splittail reproductive behavior, timing, and suc- 
cess. 

Habitat Pr&rence 

Studies from Suisun Marsh indicate that splittail 
are found in small deadad sloughs fed by fresh- 
water streams and in the larger sloughs such as 
Montezuma and Suisun @aniels and Moyle 1983; 
Meng 1994; Moyle et a1 1986; Wang 1986). Juveniles 
and adults utilize shallow edgewater areas lined 
by emergent aquatic vegetation. Subme@ vege- 

tation provides abundant food sources and cover 
to escape from predators. Shallow, seasonally 
flooded vegetation is also apparently the preferred 
spawning habitat of adult splittail (Caywood 1974; 
Daniels and Moyle 1983; Moyle 1976; Moyle et al 
1986; Wang 1986). During summer otter trawl sur- 
veys in Suisun Marsh, splittail w e  caught at tem- 
peratures of 15-23'C (Moyle ef a1 1986). 

Sacramento splittail are one of the few freshwater 
cyprinids that are tolerant of brackish water 
(Daniels and Moyle 1983; Moyle 1976; Meng 1994; 
FWS 1994). Historically, the species was found ex- 
tensively in freshwater habitats of rivers draining 
to the Delta (Caywood 1974; Moyle 1976; Rutter 
1908). Life history studies have also found these 
fish populating tidal freshwater and euryhaljne 
low-velocity rivers and sloughs in the Delta, con- 
centrating in and around Suisun Marsh (Caywood 
1974; Meng 1993; Moyle 1976; Daniels and Moyle 
1983; Moyle et a1 1989; Spaar 1988; Wang 1986; IEP 
1994). In Suisun Bay, Meng (1993) consistently 
found all sizes of splittail in shallow water at less 
than 2-3 ppt salinity. However, splittail have been 
collected at salinities as high as 12-18 ppt (Meng 
1994; Messersmith 1966; Moyle 1976; Daniels and 
Moyle 1983). Baxter (1994) suggests that the west- 
ern Delta and Suisun Bay regions may pmvide 
only marginal habitat except in above-normal and 
wet years. Drought-related salinity i n c w  in the 
bay may have created unfavorable habitat condi- 
tions and may explain some of the change in dis- 
tribution As salinity increases, splittail move to 
lower salinity or fresh water. This movement was 
observed in Petaluma Marsh; when salinity was 
high, splittail were not collected (Caywood 1974). 

Further sampling in a range of shallow fresh- and 
brackish-water habitats through all seasons would 
help describe the preferred habitat of the species 
under existing environmenbl conditions in the 
Central Valley. Ewironmental tolerance testing 
now underway by rem&rs.at UC-Davis should 
define environmental ~quire!ments for the species 
and, specifically, whether brackish water is actu- 
aUyrequiredduringanylifestageofthespeciesfor 
optimum survival. The Interagency Program sam- 
pled a variety of habitat types at several locations 
in the Central Valle and San Francisco Bay area. 
Results will be a d ble in fall 1994. 
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Delta fisheries sampling programs and other stud- 
ies indicate that adult splittail probably congregate 
in dead-end sloughs to spawn over shallow 
flooded or emergent and submqent vegetation. 
Caywood (1974) sampled adult splittail during 
early spring in upper Delta sloughs and river chan- 
nels and Napa and Suisun marshes A number of 
sexually mature splittail were collected from two 
natural unnamed Cosumnes River sloughs near 
the Mokelumne River confluence. Spawning adult 
splittail we= collected in sampling nets set over 
and near areas dominated by emergent and float- 
ing vegetation Eggs were also observed adhered 
to aquatic vegetation collected in the nets. During 
the sampling period, the entire floodplain of the 
Cosumnes and Mokelumne rivets was under re- 
ceding floodwaters. Vegetation at the sampling 
sites consisted of tules (Scitpus sp.) and water 
primrose Uussiaea sp.) in 1 to 3 meters of water. 

These Cosumnes River sloughs and associated 
floodplain were relatively undisturbed except for 
cattle grazing. The riparian environment was in a 
natural state, with well vegetated, unleveed shore- 
lines that experience regular seasonal winter or 
spring flooding. Aquatic habitat consisted of mud 
or peat substrates and aquatic and submerged ter- 
restrial vegetation Edal fluctuations mix high- 
quality, fresh water from the river with water in the 
sloughs. Caywood concluded that spawning oc- 
curs primarily over flooded vegetation in fresh 
water. This was based on the collection of spawn- 
ing individuals in the Cosumnes River sloughs and 
observations of splittail fry collected from the Sac- 
ramento River at Miller Park. 

Recent collections of mature adult and young-of- 
the-year splittail from the temporarily flooded Sut- 
ter Bypass in February and March 1993 su port 
Caywooas conclusions that seasonally &tea 
vegetated fldplains are used as spawning and 
rearing habitat (Jones and Stokes 1993). 

Food Habits ' 

Daniels and Moyle (1983) used a fullness index to 
evaluate die1 and seasonal feeding activity of split- 
taiL The fullness index was based on methods 
described by Wdell(1968) and measured food 
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consumption based on stomach content analysis 
and weight of food items from fish sampled over 
a 24hout period. Fullness indices w m  calculated 
for individual fish and averaged for all fish col- 
lected in each period. The indices w m  used as an 
indirect measure of die1 and seasonal activity. 
Feeding activity was highest in the morning and 
early afternoon. Mean fullness indices were great- 
est, between 6 am and 2 pm and lower from 6 pm 
to 10 pm. Seasonally, mean fullness indices of fish 
collectedmidday were greater in summerbut simi- 
larly low for fall, winter and spring. The diet of 
splittail is discussed in detail in Chapter 8. 

Eggs and Larvae 

Little is knownabout factors that influence splittajl 
egg and larval development. Wang (1986) provides 
detailed descriptions of morphological character- 
istics of splittail eggs, larvae, and juveniles and 
general information on life history and ecology. 
Culturing procedures being tested at UC-Davis are 
providing p ~ h i n a r y  information on early life 
history requirements and development. 

Mature splittail eggs aie 1.3 to 1.6 mm diameter 
with a smooth, transparent, thick chorion (Wang 
1986). The eggs are adhesive or become adhesive 
soon after contacting water (Caywood 1974; Bailey 
1994). Eggs appear to be demersal, and it is as- 
sumed that they laid in clumps and attach to 
vegetation or other submerged substrates (Cay- 
wood 1974; Wang 1986). Under laboratory condi- 
tions fertilized eggs incubated in fresh water at 
1YC (f0.5') start to hatch after about 3-5 days. 
Asynchronous hatching of egg batches from single 
females has been observed in preliminary cultur- 
ing tests. Eggs laid en masse w a  first to hatch. 
Eggs not in contact with other eggs developed 
normally but took longer to hatch (Bailey 1994). 

Early hatched larvae 6 mm long and have not 
developed eye pigment. Larvae are 7.0-8.0 mm TL 
when they complete yolk-sac absorption and 
become free swimming 5-7 days post-hat& post- 
larvae are up to 20 mm (i4.2 mm) TL (Bailey 19% 
Daniels and Moyle 1983; Wang 1986). Feeding 
begins after 5 days post-hatch. Preliminary obser- 
vations of newly hatched larvae indicate they have 
undeveloped mouths at 48 hours post-hatch 



(Bailey 1994). Welldeveloped mouths are obsenred 
in post-larvae after 96 hours post-hatch at 7.8 
to 10.4 mm (Bailey 1994; Wang 1986). F i r s t d e  
formation appears at lengths of 22 mm SL or 25-26 
mm FL (Caywood 1974; Ihniels and Moyle 1983). 

Juveniles 

Juvenile splittail are individuals that are not yet 
sexually mature. 

Young-of-the-year splittail collected through May 
and June in the lower Sacramento River and west 
to Antiochby Caywood (1974) and m Suisun Marsh 
by Daniels and Moyle (1983) ranged from 24 to 40 
mm FL (mean 29 mm) and 23 to 54 mq SL (mean 
32 mm), respectively. Daniels and Moyle (1983) 
found yomg-of-the-year gew about 20 mm/month 
from May through September and then decreased 
to <5 -/month through February. In their sec- 
ond season, they grew at about 10 mm/month 
until the fall, when body growth declined and 
gonadal development began. 

Males and females apparently can mature at differ- 
ent rates, which - the size ranges of splittail 
classified as juvenile fish. C a y w d  (1974) col- 
lected fish from the 1973 year class in April 1974, 
and the majority (97%) were immature, with a 
mean size of 147 mrn K Three fish (3%) were 
larger males (mean FL 169 mm) that had matured 
within the first year. Caywood also found that 
females did not reach sexual maturity until August 

of theii second year. Daniels and Moyle (1983) 
found both males and females matured by their 
second winter at minimum lengths of 180-200 mm. 
Based on backcalculated lengths at annuli forma- 
tion (in March 1979 and February 1980), mean size 
was 111.4 mm SL for first-year fish and ln.2 mm 
SL for second-year fish (N=210; YOY to age 5). 

Young-of-the-year splittail appear to seek out 
shallow, vegetated areas protected from strong 
currents near spawning grounds and move down- 
s h w n  as they grow (Caywood 1974; Wang 1986). 

ap armtly move or are carried with higher m i '  spring ows downsham into the estuary and 
bays, where they are captured regularly by midwa- 
ter trawl sampling in Suisun Bay near Monbmma 
Slough, in the vicinity of Pittsburg Power PIant 
near New York Slough, near Antioch, and some- 
times as far downstream as Carquinezstraight and 
San Pablo Bay (DFG MWT data, 1967 to 1993; 
Caywood 1974; Wang 1986). There is also a record 
of larval splittail collected near Berkeley Marina in 
San Francisco Bay in April 1982 (Wang 1986). 

Splittail salinity analyses for this assess- 
ment (Water -=&, atBow/Bay Study 
evaluation) showed that the highest catches of 
splittail for all age classes occurred in fresh water. 
Young-of-the-year splittail seasonally shift to 
higher salinity habitats, but reasons for the shift are 
unclear. The fish may be distributed downsbeam 
by high seasonal flows and may remain in less 
optimal salinities if other conditions (eg, food 
abundance) are more beneficial. 
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HISTORICAL ABUNDANCE AND DISTRIBUTION 

OF SACRAMENTO SPLITTAIL 

There have been no systematic, rangewide surveys 
to sample the splittail population. Additional sur- 
veys are needed before trends in splittail abun- 
dance and distribution can be accurately 
identified. 

Abundance data for splittail are available from 
databases from the summet tow-net survey fall 
midwater trawl survey, Delta Outtlow/San Fran- 
cisco Bay study, beach seine muvey, Suisun Marsh 
survey, and fish salvage operations at the State 
Water Project and Central Valley Project. Ageneral 
description of these surveys was provided in 
Chapter 4. Results from these and other shorter- 
term surveys for splittail are discussed in this 
chapter. Each of the surveys has a number of limi- 
tations and possible biases noted in this chapter. 
Particular concern is that none of the surveys cov- 
ers the complete range of this species, and many 
catch relatively few fish. Proposed Interagency 
Program studies may help to resolve some of these 
issues related to adult splittail simpling (Baxter 
1994). Until new studies am completed, the survey 
results shown in Figwe 87 (young-of-theyear), 
Figure 88 (year I), and Figure 89 (year 2+) repre- 
sent the best available data. 

Due to the limitations with each database, abun- 
dance trends should be examined concurrently 
rather than focusing on individual indices. How- 
ever, more weight should be given to & from 
the salvage facilities, beach seine surveys, and 
Suisun Marsh surveys because adequate numbers 
of splittail were captured 

Abundance indices analyzed to date suggest there 
was a decrease in splittail recruitment during 1987- 
1990. Most of the surveys suggest recruitment 
improved in 1991 and 1993. Evidence from the 
FWS beach seine - the survey that provides the 
broadest coverage of the range of splittail -shows 
that 1993-1994 abundance was exceptionally high 
It also appears that juvenile splittail abundance is 
fnquently (but not always) highest in wet years 
such as 1982,1983,1986, and 1993. There is evi- 

dence that the FWS beach seine does not show this 
trend, suggesting that abundance in upstream ar- 
eas may be debmind by m processes. 

In most surveys, the number of adult splittail has 
been variable since 1979, without a discernible 
bend. The major exception is the UC-Davis Suisun 
Marsh survey which showed a major decline after 
1981, with little or no m e n c e  since then Young- 
of-the-year and year-1 trends were similar over 
this period. This finding suggests that the Suisun 
Marsh population may be influenced by other fac- 
tors (or to a greater degree) than splittail from other 
parts of the system. The Delta Outflow/San Fran- 
cisco Bay study and CVP indices seem to show that 
abundance was relatively high in 1993. This find- 
ing is consistent with increases in the young-of- 
the-year indices in 1991 for the summer tow-net, 
midwater trawl, CVP, SWP, and Outflow/Bayotter 
trawL 

Independent surveys by PG&E and DFG confirm 
that adult splittail were the second most abundant 
fish species captured in Suisun Bay, the region 
identified by FWS (1994) as the center of the range 
of splittail. Other surveys described in this chapter 
demonstrate the bmdth of splittail distribution. In 
addition, studies on the American River (Hanson 
Environmental 1991) suggest that collecting sam- 
ples during the daytime only, as done for most of 
the surveys, significantly underestimates fish 
abundance. The surveys should, nonetheless, be a 
valid source of information about relative trends. 

Splittail distribution maps for the Delta and San 
Francisco Bay for years before 1988 (Figure 90) and 
after 1988 (Figure 91) are based on the midwater 
trawl, tow-net survey, Delta Outflow/Bay  stud^ 
surveys by DFG Region 3, the Suisun Marsh sur- 
vey, and selected FWS beach seine stations. Data 
for all surveys extend through 1992, except for the 
beach seine, which was through June 1994. The 
maps do not include observations upsheam of the 
Delta, and not all stations were sampled in all 
Y-. 
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Based on the midwater trawl, tow-net survey, Delta OuWow/Bay study, Srdsun Marsh sunrey, and selected FWS beach seine stations. 
Each dot represents at least one obsenmtion of splittall. 

Note that the map does not include observations upstream of the Delta. 
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Based on the mdwater trawl, W-net sunrey, Delta OutllowIBay study, DFG Napa River sunrey, Suisun Marsh sunrey, and 
selected FWS beach seine stations. 

Each dot represents at least one obsetvation of splittail. 
Note that the map does not include observations upbeam of the Delta 
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CVP and SWP Salvage 

Details about the CVP and SWP fish salvage facili- 
ties were provided in Chapters 2 and 4 A major 
advantage of the salvage facilities with negard to 
their use to index abundance is that large numbers 
are counted and measured relative to all the other 
surveys. This makes it possible to estimate the 
monthly distribution of a number of year classes. 
A limitation of the database is that salvage levels 
may vary depending on screening efficiency, ex- 
ports, flows, and the number of p~dators present. 
Like a number of other surveys, the salvage facili- 
ties sample only a small portion of the range of 
splittail, and could, therefoe, be sensitive to shifts 
in species distribution. F d 5  abundance indices 
from salvage data presently combine all fish 2 
years and older into a single group. This provides 
an estimate of the number of spawners, but more 
detailed data are needed on the abundance of spe- 
cific year classes of adults. 

Annual abundance indices for different age classes 
of splittail wem estimated from records of salvage 
at Tracy and Skinner fish facilities for 1979-1993, 
the period of most accurate data. Analysis of daily 
size measurements of splittail indicate them are 
generally at least two distinct length groups in late 
winter and early spring at the CVP (examples are 
provided in Figure 92). The SWP data show a 
similar trend The salvage data were separated into 
age classes using tentative size criteria developed 
using data from Skinner Fish Facility and the DFG 
Outflow/Bay study. Frequency distributions for 
each of these databases m provided in Appen- 
dix B. The salvage and Outflow/Bay studies both 
show highly distinctive monthly divisions be- 
tween youi~gpf-the-year and year 1. Separations 
between year 1 and year 2+ age classes iue also 
reasonably dear, particularly in the OutQow/Bay 
database. The criteria shown in Appendix B -re- 
sent the best estimate of young-of-theyear, year 1, 
and year 2+ size ranges on a monthly basis. Age 
separations using these criteria are considered 
most reliable for young-of-the-year. As a partial 
validation, the criteria used were found to be simi- 
lar to size-frequency distributions reported by 
Caywood (1974). The distributions are also reason- 
ably comparable to Daniels and Moyle (1983) for 
February 1979 to October 1981 in Suisun Marsh. 
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Total salvage per 1,000 acre-feet of water diverted 
at each facility was calculated by dividing total 
monthly salvage for each year class by average 
monthly export levels from the DAYFLOW data- 
base (DWR 1992). Results for young-of-theyear, 
juveniles, and adults are discussed below. 

Estimated monthly salvage per 1,000 amfeet of 
young-of-the-year splittail is summarkd in Fig- 
une93fortheCVPandFiguie94fortheSWP. WWith 
few exceptions, young-of-the-- splittail are sal- 
vaged during April to July. Annual abundance 
indices were calculated for young-of-the-year by 
summing salvage for April-July, dividing by the 
average export rate for this period, and multiply- 
ing the result by 1,000, a convenient scaling factor. 
Results an! shown m Figures 95 and 96. Annual 
abundance indices show similar variability for 
both facilities, with major peaks in 1980,1983, and 
1986, followed by consistently low recruitment un- 
til 1993, when larger numbers were observed at the 
CVP. 

Year I salvage was fairly erratic through the year. 
. Salvage wasgenerally highest April-July but large 

numbers were sometimes observed in February 
and March (Figures 93 and 94). Abundance indices 
for April-July were developed using an approach 
similar to that described for young-of-theyear. 
The CVP and SWP indices both suggest that year 
1 abundance was highest in 1984 and relatively low 
in 1982,1985,1986, and al l  years after 1987 (Figures 
95 and 96). Results are somewhat inrongruous for 
the other years. 

Year 2+ salvage was usually highest in February- 
April, with occasionally high levels in January 
(Figures 93 and 94). Annual abundance indices 
calculated from total January-April salvage are 
shown in Figures 95 and 96. Although the highest 
indices at the CVP were in 1981 and 1982 and at the 
SWP were in 1980 and 1982, there does not appear 
to be a consistent trend in year 2+ abundance. 
There is some indication that adult abundance may 
have decreased from 1988 through 1990, but indi- 
ces from both facilities show a resurgence in 1991. 
In addition, even the lower 1989 and 1990 indices 
were comparable to half the years in the record 
The 1993 index was the second highest on record 
at the CVP and the third highest at the SWR 
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flgure 93 
TOTAL MONTHLY SALVAGE OF DIFFERENT AGE CtASSES OF SPLITTAIL AT TRACY FISH FACILITY, 

MAY 1979 TO DECEMBER 1993 
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TOTAL MONTHLY SALVAGE OF DIFFERENT AGE~CLASSES OF SPUTTAIL AT SKINNER FISH FACILITY, 
MAY 1979 TO DECEMBER 1993 
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ANNUAL SALVAGE INDICES FOR DIFFERENT AGE CLASSES ANNUAL SALVAGE INDICES FOR DIFFERENT AGE CLASSES 
OF SPLITTAIL AT TRACY FISH FACIUM, 1980-1 993 OF SPUTTAlL AT SKINNER FISH FACILITY, 19804993 
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Beach Seine Survey 

The beach seine w e y  provides the bruadest gee 
graphid coverage of the range of splittail for any 
of the sampling programs. A 50-foot beach seine 
has been used since 1976 to covet shoreline areas 
in Central, San Pablo, and Suisun bays, the Delta, 
the Sacramento River up to Redding, and the San 
Joaqyin Rivet south to Stockton. New stations 
south of Stockton were added in 1994up to the San 
Joaquin River's confluence with the Tuolumne 
 rive^ Another major advantage of this mmey is 
the large number of splittail (over 1 1 W )  collected 
Most of those captured were youngof-the-year. 

The beach seine survey has few stations in submO 
Grizzly, and Honker bays and the Suisun Marsh 
area, and sampling did not occur south of Stockton 
until 1994. Data for 1976 and 1977 may not be 
comparable to later years because sampling was 
shifted to boat ramps following extensive riprap- 
ping of the initial beach seine sites. Another limi- 
tation of the database is that sampling was 
frequently not performed at Delta sites during 
summer months because of high water tempera- 
tures. This is u n € o ~ t e 0  since splittail abundance 
levels often appear higher in June. The beach seine 
does not effectively catch adult splittail. 

Annual abundance for the beach seine survey was 
estimated using data from the 17 core stations, 
listed below (codes are FWS station codes). Al- 
though many other stations have been sampled 
over the years0 these sites provide the most consis- 
tent records. 

Northern Delta 
Brannon lsland 
Chtksburg 
Discovery Park 
Garcia Bend 
lsleton 
Koket 
Rio Vista 
Stump Beach 

Central Delta 
Antloch Dunes SJMHS 
BBW Resort MKWW 
Dads Point SJ041 N 
Delta Cross Channel XC001 N 

Eddo's SJOO5N 
Georglana Slough GS010E 
Kings Island DS002S 
Tetmlnous LP003E 

Southern Delta 
Woodward ~s~and ~ROIOW 

Catch per unit effort was calculated as the total 
catch of splittail at the COR stations in May and 
June divided by the number of seines. Years before 
1978 were ignored because of concerns about 
changes in sampling sites. It was not possible to 
develop abundance estimates for 1985 to 1991 be- 
cause there was no sampling in May and June. 
CPUE for 1983, 1984, and 1992 was calculated 
based on May only because there was no sampling 
in June; since catch levels are often higher in June, 
CPUE estimates for these years may be low but 
they are considered a useful approximation. 

Figure 87 shows that abundance was higher in 1993 
than in any other year in the survey for which data 
are available. Abundance relative to 19851991 is 
unknown. Although the 1994 data are still being 
analyzed, results through June 2 indicate catch 
levels are ~latively high 

There is some evidence that beach seine data do 
not show a consistent response to outflow. The 
relatively low CPUE in 1983 and 1984 are a major 
contrast to other wet years (1980,1982,1993)0 when 
abundance was high. 'Time was no sampling in 
June 1983 and 1984, but the catch in May was 
except idy low. If the May results are indeed 
representative of abundance trends, a possible ex- 
planation is that most splittail may be transported 
downstream in some wet years. 

The substantiai catch of splittail at the core stations 
shows that the Delta provides important habitat 
for young splittail in all water year types Large 
numbers of splittail have also been observed in 
upstream tributaries. 

Initial results also show that the species was more 
widely distributed in 1993 than in any other year 
of the beach seine sampling program for which 
data are available since at least 1980. Splittail were 
distributed from Sacramento River mile 184 (up- 
stream of Princeton) in the north to Stockton in the 
south 
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Suisun Marsh Survey I 
The Suisun Marsh survey is performedmonthly by 
UC-Davis staff and students under contract to 
Water Resources. Sampling methods described 
by Meng et PI (1994). The survey rep- one of 
the best long-term sampling programs for splittail 
and has been used by Meng (1993) as an indicator 
of abundance trends. A limitation of this data- 
base is that it covers a relatively small portion of 
the range of s p W  and, the do^, may not be 
representative of abundance trends throughout 
the system. 

Splittail size and number for 1979-1993 were ob- 
tained from the original UC-Davis data sheets and 
entered into a computer database. Age classes 
were estimated using the monthly size criteria 
shown in Appendix B. Note that the Suisun Marsh 
criteria are slightly different than sizes used for 
SWP and CVP salvage data because fish are meas- 
ured based on standard length rather than fork 
length 

Average monthly catch per trawl of each age class 
was calculated for each of the following core loca- 
tions: Montezuma Slough, Boynton Slough, 
Goodyear Slough, Suisun Slough, Cutoff Slough, 
Peytonia Slough, and Spring Branch There was 
some variability in the site codes and number of 
sampling sites within each of these sloughs over 
the course of the survey. To standardize abundance 
estimates, all sites within each location were 
treated as replicate observations based on recom- 
mendations of staff that performed the surveys (L 
Meng, FWS, pers comm; B. Herbold, EPA, pers 
comm). Monthly catch per trawl for the marsh 
system was then calculated as the average of the 
seven core locations. As summarized in Appen- 
dix C8 there are a number of gaps in the monthly 
data for the core stations. Whenever possible, 
abundance was estimated as the average of all sites 
sampled within a given month, but m a number of 
months there were no data for any site. 

Monthly plots of each age class w e  prepad  to 
examine abundance trends (Figures 97-99). Catch 
per trawl of youngsf-the-year peaked during 
June-August, followed by a steady decline through 
the end of the year as a result of mortality and/or 
change in distribution. Analyses of year 1 splittail 
revealed an initial peak in abundance in January or 

Chapter 
I 

Figure 97 
YOUNG-OF-THE-YEAR SPUllAlL ABUNDANCE TRENDS IN 

SUlSUN MARSH, 1 979-1 992 
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February in many years, perhaps due to matura- 
tion of YOY from the previous year. A second, 
stronger peak was usually observed during April- 
June, followed b a decline over the rest of the year: P Asforyoungo theyear,thedecreaseincatchin 
the second half of the year could be due to mortal- 
ity or change in distribution, but it is unclear why 
there should be a dip in year-1 abundance between 
winter and spring. Adult abundance was highly 
variable over the course of the year, but there were 
often detedable peaks in winter @ecember-Febm- 
ary) and summer (june-August). Reduced abun- 
dance in spring may be a mul t  of upstream 
spawning migration 

Annual abundance indices were calculated as the 
average catch per trawl for the core stations during 
June-August for young-of-the-year and April-June 
for year 1. Because year 2+ catch showed high 
variability between months, annual abundance in- 
dices were calculated as the average of all months. 
Results for each age group are summarized in 
Figures 87-89 and Figure 100. Abundance esti- 
mates for 1979 should be considered tentative be- 
cause they were based on relatively few core sites. 

As for many other surveys in the estuary, young- 
of-the-year abundance was higher in 1982 and 
1986, both wet years, and relatively low through- 
out most of the &year drought (Figure 100). Year-1 
abundance generally mirrored these trends one 
year later. However, there does not appear to be a 
consistent association between abundance and 
outflow; young-of-the-year abundance was rela- 
tively high in 1979, a dry year, and comparatively 
low in 1983,1984, and 1993, all wet years. 

In contrast to all of the other abundance estimates, 
year 2+ levels appear to have declined substan- 
tially in Suisun Marsh after 1980. There was a 
modest increase in year 2+ abundance in 1988, two 
years after a strong year class of young splittail, but 
levels have remained comparatively low since the 
early 1980s (Figure 89). This suggests that the 
Suisun Marsh population may be regulated by 
different factors or to a greater d e p x  than splittail 
captured in other parts of the estuary. 

A 
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ABUNDANCE ESTIMATES FOR DIFFERENT AGE CLASSES OF 
SPLlllAlL IN THE SUISUN MARSH SURVEY 
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Delta Outflow/San Francisco Bay Study 

As part of the Interagency Program, Fish and 
Game has sampled 42 locations from South Bay to 
the westemDe1ta as part of the Delta Outflow/San 
Francisco Bay study. Sampling includes 5-minute 
tows using an otter trawl and 12-minute tows 
using a midwater trawL The splittail catch was 
separated into young-of-the-year, year 1, and year 
2+ age groups using size &te& similar to that 
shown in Appendix B. Monthly catch-per-dt- 
effort for each embayment was Wasted as catch/ 
10,000 m2 for the otter trawl and catch/10,000 m3 
for the midwater trawl. Monthly abundance indi- 
ces were calculated by multiplying catch-per-unit- 
effort for each d a y m e n t  by area (otter trawl) or 
volume (midwater trawl) weighting factors shown 
in Table 9, then summing the embayment indices 
Annual splittail abmdance indices for each trawl 
were calculated as the sum of the monthly indices 
for the following periods of peak abundance: 
young*f*y= Wy-October), y= 1 (Pebruary- 
October), and year 2+ (February-October). 

A weakness of this database is that the area east of 
Antioch is not sampled, so an important part of the 
species' range is excluded Because the study area 
is the lower range of splittail distribution, abun- 
dance -ts may be sensitive to shifts in 
distribution. Like a number of the other trawls, the 

Table 9 
EMBAYMENT WEIGHTS USED TO 

CALCULATE ABUNDANCE INDICES FOR THE 
DELTA OUTFLOW/SAN FRANCISCO BAY STUDY 

OtterTrawl MidwaterTrawl 
Area Vdume 

Embayment Weight Weight 

som Bay 250.1 5 1505.38 
ceml BaY 216.34 2865.1 3 
Sari Pablo Bay 153.54 861 .40 
sUi!m Bay 5529 471.04 
Western Delta 28.01 253.68 

survey may not sample shallow areas sufficiently 
to accurately follow splittail abundance (Baxter 
1994). Moreover, relatively few splittail have been 
caught since 1980. Nonetheless, the high frequency 
of samples taken using different gear types and 
catches of multiple year classes provide a valuable 
soufie of i n f o d o n  about splittail beds. Abun- 
dance data for young-of-the-year, year 1, and year 
2+ are rmmmarized below and in F i p e s  101 and 
102 

Otter and midwater trawl indices both indicate 
that m t m e n t  to the lower estuary has been poor 
since 1987. Peak abundance was in 1983 and 1987. 
Annual abundance indices for year 1 splittail were 
generally consistent with young-of-the-year catch 
in the pmdous year using the same gear type. 
Higher young-of-the-year catches in the otter 
trawl in 1982,1983,1986 and 1991 were followed 
by large numbers of year 1 in the following year. 
Relatively poor catches of young-of-the-year in 
1980,1985, and 1987-1989 were followed by low 
year 1 indices the next year. In the midwater trawl, 
high youngof-the-year indices in 1982,1983, and 
1986 and low indices in 1981,1984,1985, and 1987- 
1992 were also mirrored the by year 1 abundance 
the subsequent year. 

Otter and midwater trawl indices for year 2+ split- 
tail have been highly variable throughout this sur- 
vey. In general, there is no evidence of a decline in 
abundance since the early 19803. Both surveys 
show higher abundance of year 2+ in 1993, indicat- 
ing a possible populationincrease. Aresurgeme in 
adult abundance in 1993 is consistent with rela- 
tively hi* catches of young-of-the-pr in 1991 
than in p~vious  years, 1987-1990. Year 2+ abun- 
dance appears to reflect young-of-the-year abun- 
dance 2 years earlier in a number of cases. For 
example, low year 2+ indices in the otter trawl in 
1980 and 1985 and high indices in 1982 and 1983 
followed similar trends in young-of-the-year 2 
years earlier. Anothe~ explanation for the apparent 
haease in adult abundance in-1993 is that the 
distribution of splittail may have shifted down- 
stream, incmsing the vulnerability of splittail to 
this sunrey. 
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Fall Midwater Trawl Surrrey 

The fall midwater trawl - conducted since 
1967, reP-ts one of the b g a t  and most P 
graphicaUy extensive measures of splittail ahn- 
dance. However, the midwater trawl is relatively 
inefficht at catching s p l i w  1967 to 1992, 
less than 500 splittail were aught. Analysis of 
length frequency data for 1980 to 1992 indicates 
most of those were young-of-the-year, but at least 
30% were year 1 or older. Baxter (1994) suggests 
that the relatively large size of 1- +ids and 
adultsmay allow them to success f"d- yavoidopen- 
water trawls. The present indices are dcdated 
based on all sizes c o m m  additional analyses 
are needed to separate young-of-the+year, year 1 
andyear2+ fishinthedatabases. 

Another concern is that samples are collected prin- 
cipally from higher-velocity,, midchannel areas. 
Yet splittail are generally found in shallow-water 
areas or in channel margins (Baxter 1994). 

Calculated indices shown in Figure 87 were as- 
sumed to primarily represent trends in young-of- 
the-year. The limitations in this assumption are 
discussed above. Splittail appear to have been 
most abundant in 1967-1972 and 1980-1987. Re- 
cruitment apparently was particularly low during 
the 1976/1977 drought and has remahed fairly low 
inmost years since 1987. However, Fox and Britton 
(lgg4) US using least- * 
gression and found no significant tmul in splittail 
abundance @'o.9)* popuhtion de 
clines are not necessarily detectable using  reg^^- 
sion analysis. 

Summer Tow-Net Survey 

The -er tow-net -ey been conducted 
since 1959 in all years except 1967 and 1968. Lila 
the fall midwater trawl survey, the summer tow- 
net survey is geographically extensive but rela- 
tively inefficient at catching splittail- Since 1959, 
1- than 500 splittail haw - causht. Len@- 
*enc~ of the data indicate the -q 
catches almost exclusively young-of-the-year 
spwAbmrneasuRlnentrforW-ey 
are likely to have most of the same limitations 
noted for the midwater trawL 

The highest tow-net indices were in 1963,1978, 
1982, and 1986. In contrast to a number of other 
surveys, abundance levels since 1987 have not 
been particularly low relative to other years. For 
example, the 1991 index (5.0) was the sixth highest 
m m o r d  

Other Surveys 

~ d d i t i d  information onsplittail-and 
distrktion is available from a xnimber of shorter- 
term studies within the range of splittail. These 
data are summarized below. 

PG&E 

Monthly surveys were conducted in 19784979 
( P W  1981a, b) and 1991-1992 (PG&E 1992b) in 
Suisun Bay and the lower San Joaquin River using 
bottom (otter) trawl, gill-net, fyke-net, and beach 
seine methods. Species composition, based on the 
percentage of Sacramento splittail within the com- 
posite catches, is summarized below. 

A9ZMEL 1~91-1992 
% % 

r o m p , ~ a n k  ~ m p - ~ &  
14 s2z~Je 2 6 12 4 2 5 

~ e n t  composition ofthe &hq community 
reP-ted by during the hvo surveys 
ap- to be stable. At the very least, these d t s  
demonstrate that spliW remain a daminant 
of the fishery communities in these regions. Part 
However, the similarity in percent composition 
between the surveys is not necessarily repre- 
sentative of absolute splittail abundance. 

This issue was examined in f urther detail with data * -eYS. was hypo- that if 
othasurvvin hrameregimshaw edm- 
in splittail abundance over a similar period, the 
composition data may reflect actual abundance 
trends. The kst lor is 
~ & ~ ~ O W / & , y * d y * t i o n ~ , n e a t p i *  
burg Pow= P h t  -dent of splittail 
were caught at station 535 and at all midwater 
~ l N m y S t a t i ~ i n ~ - t o ~ - -  
d.mhad..Theanalysb& mthe-bers 
of year 1 and year 2+ s p W  since the PG&E 
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(1981b) survey found that most of the catch was 
larger than 150 mm, the size range expected for 
year -1 or older fish Although the catch data at 
station 837 was irregular (Figure la) ,  there is no 
evidence that splittail abundance has decreased in 
this region. In fact, the data suggest abundance 
may have actually i n c h  near Pittsburg Power 
Plant. 

80 81 82 83 84 85 86 87 88 89 90 Ql 
YEAR 

. .  ... . 

Figure lo3 
AVERAGE CATCHPERYNIT-EFFORT NEAR 

PrrrSBURG POWER PLANT FOR 
YEAR 1 AND YEAR 2+ SPLllT.AlL 

Suisun Marsh Salinity Control Gates 
Predator Sumeys 

A monitoring program has been conducted at 
Suisun Marsh Salinity Control Gates since 1987 to 
address questions about juvenile salmon preda- 
tion. Although the sampling program is designed 
primarily to monitor abundance of fish predators 
in the area, large numbers of splittail are also cap- 
tured. Sampling is performed during the daytime 
in spring and summer using stationary and drift 
gill-nets at sites upstream and downsbeam of the 
structure. A reference site was added to the moni- 
toring program in 1993. 

Catch-per-unitsffort was calculated based on the 
total catch of splittail divided by the number of 
hours sampled at the u stream and downstream 
site @FG 1994). Ab &ce could not be calcu- 
lated for 1987 because no data we= recorded for 
splittail. Examination of the length data indicated 
that all splittail captured were in the year 2+ size 
range. 

Splittail were the second most abundant species in 
most years; in 1988 they were the most abundant 
species caught. Catch-per-unitsffort data are sum- 
marized in Figure 104. Monitoring results indicate 
that adult abundance has beenvariable but has not 
declined since 1988. This is consistent with d t s  
of UC-Davis monitoring in Montezuma Slough 
over the same period using an otter trawL How- 
ever, the UC-Davis survey ncted a major decline in 
this e o n  in the early 1980s. There is some evi- 
dence of a peak in abundance in 1991, followed by 
a decrease 1992-1993; however, 1993 abundance 
was similar to 1988. It is not known how levels of 
year 2+ in 1988 compare to previous years, but 
evidence from other surveys indicates this was a 
relatively strong year class. Other surveys in this 
section (eg, midwater trawl and tow-net survey) 
consistently demonstrate that exceptionally 1-e 
numbers of splittail young w e  produced in 1986 
and reached maturity in 1988. 
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AVERAGE CATCH-PER-UNIT-EFFORT FOR 
SUlSUN MARSH SALINITY CONTROL STRUCTURE 

GILL-NET STUDIES, 1987-1993 



San Pablo Bay and Suisun Bay Sampling, 
1963-1964 

Ganssle (1966) describes an intensive wwey con- 
ducted in the early 19609 using a 2!kqmm-foot 
midwater trawl, a 25-foot otter trawl for deep- 
water stations, and a 450-foot @-net8 anda 16-foot 
otter trawl for shallow water. The shallow-water 
stations m M y ,  Honker, western Suisun, and 
northeastern San Pablo bays. The larger trawls 
were fished in deep channel sections from central 
San Pablo Bay and Carquinez Strait upstream to 
near the San Joaquin confl- Gill-netting was 
conducted from June 1963 through May 1964, and 
trawling was performed in January 1963-1961 

The catch of splittail totaled 291, with only 2 cap- 
tured in San Pablo Bay. Most of the fish were cap- 
tured in Grizzly and Honker bays. Western Suisun 
Bay contributed an undefined number. Sampling 
effort at these three locations totaled 179.7hours of 
gill-netting and the equivalent of 210 ten-minute 
tows. 

This dataset is valuable because it provides per- 
spective on catch levels before SWP pumping be- 
gan. The types of gear used and areas fished are 
similar to many of the current sampling protocols. 
Results of this study indicate that historically, even 
with some fairly intensive sampling, San Pablo 
Bay, Carquinez Strait, and (to a lesser extent) west- 
ern Suisun Bay did not appear to have major con- 
centrations of splittail. 

Gill.Net Samplin Napa River and 
Lower American k 'ver 

On October 4-5 and October 18,1989, DFG and 
FWS staff conducted two short-tern~ gill-net sur- 
veys m the Napa River (DFG 1989b). In the fist 
survey,, adult splittail were the most abundant fish 
species captured, comprising 66% of the total 
catch. &eptionauy large numbers of splittail (76 
adults/3 net sets) were also captured in the second 
survey. 

In May 1991, gill-net sampling was conducted in 
the lower American River as part of studies by East 
Bay Municipal Utility District, Sacramento 
County, and DFG (Hanson Environmenbl1991). 
Sampling at two locations captured signiscant 
numbers of splittail (25 adults/7 hours) during 
nightlime sampling but none in the daytime How- 
ever,  the^ were some diffeffnces in techniques 
used day and night sampling, so the results may 
not be strictly comparable. 

These short-term data are not useful for determin- 
ing abundance trends, but they do show that large 
numbers of splittail are found in locations not sam- 
pledby any of the routine surve . Moreover, these r surveys were in the middle o a 6-year drought, 
whenabundance data from other locations suggest 
a decline in the numbers of young. Therefore, it 
appears that use of different gear types and sam- 
pling locations and times could change our under- 
standing of splittail abundance and distribution. 
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FACTORS THAT MAY INFLUENCE SACRAMENTO 

SPLInAIL ABUNDANCE AND DISTRIBUTION 

In its proposed rule for Sacramento s p W  the 
Fish and Wildlife Service (1994) identified altered 
hydraulics and xeduced outflow from exports as 
the principal causes of the population ddine..Ad- 
ditional threats were listed as loss at pumping 
plants and diversions, loss of spawning and nurs- 
ery habitat as a consequence of draining and dik- 
ing for agriculture, reduction in the availability of 
highly productive brackish-water habitat, urban 
and agricultural pollution, introduced species, and 
exacerbation of these factors as a result of 6 years 
of drought. 

Analyses performed for the present assessment 
indicate that the recent drought is the primary 
cause of recent lower abundance of young splittail 
in the estuary based on a strong correlation with 
Delta outflow. Abundance is also wellcondated 
with floodplain inundation, which may provide a 
large amount of additional spawning, xmrhg, and 
foraging habitat in very wet years. Little flooding 
has occurred in the range of splittail since 1986, 
leading to a series of weak year classes. 

Because floodplain inundation occurs when un- 
controlled flows are in the system, the project- 
related changes to the hydraulics of the estuary 
may not have a major effect on recruitment success 
in wet years. 

Of the other factors listed by the Fish and Wildlife 
Service, urban and agricultural pollution and in- 
troduced species remain potentially major but 
poorly understood threats to splittail. There is, 
however, no evidence to support the conclusion 
that loss at pumping plants significantly affects 
abundance. Analysis of salvage data demonstrates 
that entrahnent occurs primarily when large 
numbers of splittail are present in the system, Al- 
though diking and draining of floodplain areas for 
agriculture have resulted in loss of splittail spawn- 
ing and nursery habitat, most of this activity oc- 
curred well before recent observations of poor 
recruitment. Inaddition, it is questionable whether 
loss of brackish water habitat constitutes a risk for 
splittail. The present and historical range of this 
species extends far upstream of the entrapment 

zone and over a broad range of salinities. Although 
splittail abundance was negatively correlated with 
salinity for a number of regions in the estuiuy, 
specific conductance co-varies with factors such as 
outflow and floodplain inundation, making it dif- 
ficult to identify specific causes. 

A number of other otential factors not W e d  L by the Fish and Wd Service have also been also 
examined. Splittail appear to rely heavily on 
Neomysis shrimp as a food source, at least in Suisun 
Marsh, but terrestrial and other aqwtic food 
sources also utilized Food limitation as a result 
of declines in Neomysis abundance and reduced 
access to terntrial food somes in the floodplain 
in dry years cannot be ruled out. An additional 
concernis that a reduction in the number of spawn- 
ers may lead to poor Ieauitment. No stock-recruit- 
ment relationship was found for this species, 
indicating that abundance is controlled by envi- 
ronmental conditions. There is, however, evidence 
of the opposite relationship: poor recruitment 
leads to a reduction in the number of spawners. 
Historical abundance trends indicate that the spe- 
cies has the capacity to rebound dramatically fol- 
lowing successive weak year classes. Finally, 
recreational harvest of adult splittail remains a 
possible minor threat to the population. 

Many of these factors have been analyzed with 
indices such as the fall midwater trawl that have 
major limitations. Until better abundance meas- 

, ures can be developed, all conclusions based on 
these surveys should be considered tentative. 

Effects of Flow on Splittail Abundance 

Few species in the estuary appear to respond as 
dramatically to wet years as splittail. The correla- 
tion between flow and splittail production was 
noted by Daniels and Moyle (1983), who found a 
relationship between total Delta outflow and mid- 
water trawl abundance. The Department of FA 
and Game (1993) performed regression analyses 
using midwater trawl data through 1990 and 
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cant relationship with March-May fda?e outflow ( - .78). Similar relationships between 
young-of-the-year abundance and outflow were 
also reported by Meng (1993) for the Chipps Island 
and Outflow/Bay surveys using r e p d o n  analy- 
sis. 

An update of the &tionship between midwater 
trawl abundance and outflow through 1993 is 
shownin Figure 105 (*.a# ~4.01).  he relation- 
ship remains highly si- (~250.50, ~4 .01)  if 
the abundance and outflow data are log-trans- 
formed. Note that the present analysis included 
Febmayinthe~onbecausethismonthap 
pears to be important for spawning (Chapter 6). 

Figure 105 
RELATIONSHIP B M E N  FALL MIDWATER TRAWL ~NDM 

FOR SPUTTAIL AND 
AVERAGE DELTA OUTFLOW, FEBRUARY-MAY 1967-1 993 

The correlation between wetter years and juvenile 
splittail abundance is supported using mn-para- 
metric statistical methods. If midwater trawl and 
summer tow-net data are grouped into "'drf' (criti- 
cal-below normal) and "wet" (above normal-wet), 
differences are statistically s i w  using a 
Mann-Whim U-test (p4.05) (Figures 106 and 
107). 

There is also evidence that hydrology affects the 
abundance of adults. w o n  analysis of the 
OuMow/Bay study otter trawl index for year 2+ 
versus the log of February-May flows 2 years ear- 
lier showed a significant relationship (a .53 ,  
p4.01; Figure 108). This &tionship is surpris- 
ingly strong considering the fact that the adult 
population -resents diverse age classes. How- 
ever, the relationship is not statistically signifmint 
if 1985, when year 2+ abundance was highest, is 
ignored (*.08). 

Although high outflow years clearly benefit split- 
tail, it is likely that abundance does not actually 
respond as a continuous linear function, as sug- 
gested by the F i i  and W1dEfe Service (1993, page 
863). The relationships in Figure 105 and those 
described by Meng (1993) are fairly "flat" until 
average February-May outflows surpass about 
25,000 cfs, where abundance sharply increases. 
There appears to be little difference in recruitment 
in dry to moderate outflow years. 

The most likely explanation for this tffnd is that 
exceptionally strong year classes may only be pro- 
duced when major storms inundate wgetation in 
the floodplain, thexeby creating a large amount of 
spawning, d g ,  and foraging habitat This hy- 
pothesis was presented by Caywood (1974) based 
on observations that flooded vegetation is usually 
associated with splittail spawning. Moreover, 
terresfrial foods such as earthworms occasionally 
comprise a significant portion of their diet. Cay- 
wood (1974) suggested that nutrition rior to 
reproduction may depend on the a d i l i t y  of 
terrestrial organisms. In addition, splittail have 
been observed in two of the major floodplain areas 
in the basin: Yolo and Sutter bypasses. Caywood 
(1974) noted that splittail are common in Yolo 
Bypass when it floods and occasionally in Sutter 
Bypass. Jones and Stokes (1994) also collected 
adult and juvenile splittail in Sutter Bypass during 
1993. 

The possible importance of Yolo Bypass and other 
floodplain areas is supported by the statistical 
analysis shown in Figure 109. The data indicate a 
highly significant relationship (p4.01) between 
the number of days this area is flooded in winter 
and spring and the midwater trawl index. The 
relationship remains statistically significant 
( a .19 ,  p4.05) when the years of heaviest flood- 
ing, 1982 and 1983, are ignored. Gage data were not 
available to perform a similar analysis for Sutter 
Bypass. These mults do not necessarily indicate 
that the bypasses are the primary spawning and 
rearing areas, but the at least provide an index 

bash. 
I of the inundation of oodplains throughout the 

Regression analysis also indicates that floodplain 
inundation could be related to adult abundance. 
The 3 values for the year 2+ otter trawl indices 
versus bypass flooding 2 years earlier (p4.01) w& 
0.55 for the Yo10 Bypass (Figure 110). However, as 
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for the analysis for oufflow (Figure 108), the rela- 
tionship is not significant if 1985 is ignored 
(A0.12). 

The floodplain inundation hypothesis offers a 
possible explanation for why splittail yearclass 
strength is not always strong in wet years. Meng 
(1993) noted that young-of-the-year abundance 
was relatively low in 1993 compared to other wet 
years and suggested that the abundance/outflow 
relationship may be "decoupling". However, Fig- 
ure 109 shows there was little inundation of the 
floodplain m 1993 despite the year being classified 
as wet. Outflow was relatively evenly distributed 
across winter and spring 1993, and reservoirs had 
a large amount of unused storage capacity follow- 
ing the 6-year drought, so the Yo10 and Sutter 
bypass areas were not needed for long-term flood 
control. Therefore, inundation of spawning habitat 
appears to have been relatively low compared to 
1982,1983, and 1986, when the bypasses and other 
floodplain areas were used extensively for flood 
control. An alternative or contributing factor to 
explain the low index in 1993 is that the spawning 
stock may have been reduced by 6 successive years 
of drought, but there is no evidence of this trend in 
any of the year 2+ abundance indices except in 
SuisunMarsh. 

Another possibility is that the 1993 midwater trawl 
index is not representative of PO ulation trends i! throughout the system. Results om the beach 
seine, which samples upstream of the midwater 
trawl, show that 1993 abundance was exception- 
ally high In any case, further studies are needed to 
define the extent to which floodplain may provide 
additional habitat. For example, Jones and Stokes 
(1994) found that young were stranded in Sutter 
Bypass as water receded in 1993, indicating that 
floodplain habitat may be marginal in some loca- 
tions or time periods. 

In s-, there is a significant relationship be- 
tween Delta outflow and abundance. Delta inflow 
and associated flooding also offer an explanation 
of why strong year classes are produced in very 
wet years. 
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Figure 11 1 
CORRELATION BElWEEN THE PROPORION OF THE MIDWATER TRAWL INDEX FROM SUlSUN BAY AND 

Effects of Flow on Spfittail Distribution 

Young splithilad delta mdtap~ tobed i s t r ib -  
uted-renuy in response tohighoutflow Years* 
As described in Chapter 5, bw-net and midwater 
trawl indices that a greater Pefientage of 
the delta SICldt population is west of the Delta (k 
in Suisun Bay) in wetter Yew. Howevert Hanson 
(1994) fcmnd no *tiomh$ between the pefient- 
age of the Suisunmidwater trawl indw for splittail 
and outflow (Pig= 111)- This conflicts with the 
h~~pothesb by m g  (1993) that SPEW &un- 
dance is dated to the amount of shallow bnckbh- 
water habitat in Suisun Bay. Apossible explanation 
for the lack of a relationship for the midwater trawl 
is that the indices used did not differentiate be- 
tween adults and juveniles, possibly confounding 
the analysis. 

AVERAGE TOTAL DELTA OUTFLOW DURING THE PREVIOUS FEBRUARY TO MAY 
SOURCE: Heneon (1894) 

Description of the distribution patterns of adults is 
complicated by the fact that the species migrates 
during spawning periods. Changes in adult abun- 
dance were examined by plotting the monthly sal- 
vage per thousand acre-feet (see section on 
abundance) versus average monthly total Delta 
inflow from D A W W  @WR 1992). Results for 
the CVP and SWp a presented Fi- 112 and 
113. Abrupt increases in the level of year 2+ splittail 
fquently coincide with rapid increases in Delta 
idow. i he is most consistent in dry years 
(water year 1980,1985, and 1987-1991), with more 
variable d t s  m wetter years. By contrast0 the 
pattern of year 1 a b u n h  &OW dd-bk 
bends. 

mults suggest that adult migration may be 
triggered at least in part by increases in streamflow 
from the tributaries. Year 2+ splittail were probably 
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Figure 112 

SPUTTAlL SALVAGE PER ACRE-FOOT AT 
TRACY RSH FACILITY VERSUS 

DELTA INFLOW 
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I I 
Flgure 113 

SPLITMIL SALVAGE PER ACRE-FOOT AT 
SKINNER FISH FACILITY VERSUS 

DELTA INFLOW 
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Figure 114 

SPLITTAIL DISTRIBUTION AND 
NUMBERS OF SPUTTAIL CAUGHT BY EACH STUW 

SOURCE: Mong, rrnplbsshed dda 

caUy significant relationship between an indicator 
of entmpment zone location, X2, and splittail abun- 
dance. Fox and Britton (1994) used generalized 
linear models to develop a relationship between 
splittail midwater trawl abundance and the loca- 
tion of X2 during February-June (r2=0.61, ~4.05).  
This observation is not surprising given the close. 
relationship between outflow and entrapment 

Factors That May Influence 

The Department of Fish and Game's Bay/Delta 
Division is examining distribution of splittail us- 
ing data from the FWS beach seine survey. Analy- 
ses are not yet complete, but preliminary results 
are shown in Wgure 115. Substantial numbers of 
young were caught in upstream areas including 
the Sacramento River, northern Delta, and central 
Delta through June 1993, a high outflow year. This 
indicates that significant spawning took place in 
the Delta (Baxter 1994). The fact that  the^ is no 
clear decrease in CPUE between April and June at 
these sites also suggests that many of these fish 
could be m r h g  in this region well after peak flows 
subsided. 

Figure 115 
CATCH-PER-UNIT-EFF ORT (TRAWL) OF 

YOUNG-OF-THE-YEAR SPLITTAIL BY M E  
MIS  BEACH SEINE SURMY FOR FOUR REGIONS, 1993 

Higher catches of young-of-the-year in the Delta and 
upsbeam areas are consistent with the distribution 
of splittail dative to specific conductivity. As dis- 
cussed in the Water Wty section of this chapter, 
high catches of splittail in the Out£low/Bay study 
murat0ppt,notthe2ppt1eve~u~edasan~of 
entrapment zone position (Baxter 1994). In addition, 
highs densi of splittail in fresh water is mom 
consistent wi a: the historical range from Redding to 
FIWIIO, far away £ram the entmprnent zone 

It should be noted, however, that there is a statisti- 

200- 

! 

Chapter 8 

entrained at the export facilities during their mi- 
gration to or from spawning areas. The lack of 
trend for year 1 fish would be expected since most 
of these fish are too young to spawn. A stronger 
relationship between flow and the timing of en- 
ttainment in dry years is reasonable because a 
higher percentage of Delta inflow is diverted dur- 
ing these years. If upstream migration is cued 
toward a native tributary haeased increasedta diver- 
sion of water originating frrmr a basin could result 
inmore adults straying toward the export facilities. 
Variability in the distribution of adults in wetter 
years may be partly a d t  of the timing of stream- 
flow. For example, sharp increases in stteamflow 
in November 1981 and 1984 may have been too 
early for spawning. Other cues such as day length 
and water temperature may be important associ- 
ated factors. 

Effects of Entrapment Zone Position 

In its proposed rule for Sacramento splittail, the 
Fish and Wildlife Service (1994) states that the 
species is "adapted for life in the entrapment zone". 
The major evidence for this assertion is an analysis 
by Meng (1993), which appears to show that the 
peak distribution of splittail is in Suisun Bay, an 
area where the entrapment zone was often histori- 
cally located (Figure 114). 
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zone position (Kimmer and Monismith 1993). 
Splittail abundance increases in high outflow 
years, when floodplains are inundated and salinity 
decreases throughout the estuaiy. Thus, the rela- 
tionship between X2 and abundance could simply 
be a result of covariance with hydrology, rather 
than functional. 

Effects of Reverse Flow 

Net =Verse flow ~~ in the Delta when inflow 
from upstream ~ b u k I " b  is h!dfiCient t0 meet 
export and local agricultural diversions. Water is 

from ~ ~ m t r e a m  areas and in some 
nels upsheam tidal flow can be intensified and also 
cause net upstream flows where they would 0th- 
erwise not occur. 

From 1985 to 1992, net reverse flows have charac- 
terized the lower San Joaquin River for more than 
150 days of the year, and, in every year except 1986, 
reverse flows have occurred for 15-85 days of the 

I The black poxtion of tach bar shows the number of- duriag the splittail spawning seeson (Februa~~ to May). I 

splittail spawning season (February-May) (Figure 
116) (also see Chapter 5 and Moyle d a1 1992). The 
proposed "threatened" listing for splittail (FWS 
1993) suggests that reverse flow negatively im- 
pacts splittail by disorienting larvae and juveniles, 
leading to mortality at the export facilities. 

Recent particle tracking studies by Deparbnent of 
Water Resources, described in Chapter 5, demon- 
strate that a calculated index of reverse flow, 
QWEST, is not a good indicator of entrainment 
risks. EnWnment of tracers occurred despite high 
positive values of QWEST. The degree to which the 
simulation is representative of young fish is not 
known, but the model provides at least an indka- 
tion of the major physical processes. 

~n alternative explanation is that there is a region 
in the interior Delta where entrainment risks are 
much higher. This region has not been well charac- 
terized, but it likely depends on different tributary 
inflows, export pumping, Delta cross Channel op- 
erations, Clifton Court Forebay operations, and 
consumptive -. 

Figure 116 
NUMBER OF DAYS OF REVERSE FLOW IN M E  SAN JOAQUlN RIVER, WATER YEARS 1960-1 992 
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Splittail are also reported to be at risk because 
"changes in salinity and reverse flow of water has 
shifted the distribution of individuals upstream 
and has caused the fish to be vulnerable to State 
and Federal pumping plants" (FWS 1994). There is 
indeed good evidence that this process is impor- 
tant for delta smelt with respect to salinity, but 
splittail do not appear to respond similarly As 
noted in the sections on outflow and streamflow, 
there is no significant relationship between out- 
flow and the portion of the splittail population in 
Suisun Bay, where entrainment risks are markedly 
lower. Because merse flow is frequently associ- 
ated with low inflow, there is no reason to believe 
that a negative QWEST is responsible for a popu- 
lation shift toward the pumps. This hypothesis was 
tested statistically, and there was no significant 
relationship between reverse flow and salvage. No 
significant association was found between the 
number of days of reverse flow in March-July and 
young-of-the-year salvage at the SWP (r2=0.11; 
n=13) or the CVP (9=0.21; n=12). The association 
was not significant between February-May reverse 
flow and SWP salvage of year 1 (A0.26; n=13) or 
year 2+ fish (60.22; n=12) or CVP salvage of year 
1 (r2=0.022; n=13) or year 2+ fish (a.0022; n=12). 

Although there is no evidence that reverse flow 
enhances entrainment, it is possible that this vari- 
able could alter splittail habitat and abundance. 
This question was examined by comparing splittail 
abundance indices with frequency of reverse flows 
(QWEST). Two splittail abundance datasets were 
used: the midwater trawl index (1967-1992) and 
the summer tow-net index (1962-1992). Analyses 
showed a signilkant negative association between 
the midwater trawl index and the annual total days 
of reverse flow (210.23; n=24, p4.05) and number 
of days of reverse flow during the February-May 
spawning period (h.19; n=24, ~4.05). The great- 
est amount of variability in the midwater trawl 
index explained by reverse flow was for Max&- 
July (60.25; n=24, p4.05). The association was 
not significant between the tow-net index and the 
annual total days of reverse flow (a.079; n=28), 
February-May reverse flow (r2=0.062; n=28), or 
--July reverse flow (*.096; n=28). 

Like a number of other analyses presented in this 
assessment, statistically significant relationships 
with abundance do not necessarily prove cause 
and effect. In the case of reverse flow, this variable 
explains relatively little of the variability in the 

midwater trawl index compared to other para- I 
meters such as Delta oufflow and floodplain inun- 
dation. The correlation with abundance may be 
primarily a result of covariation between reverse 
flow and streamflow. Reverse flows occur more 

! I  

fmpently during low-inflow years, when splittail 
abundance is s i ~ c a n t l y  lower. ' 1 

Effects of the Central Valley Project 

Possible effects on splittail of CVP facilities, includ- 
ing Tracy Pumping Plant, Contra Costa Canalf and 
the Delta Cross Channel, are reviewed below. 

I 
 racy Pumping Plant I 
The most apparent effect of the central Valley 
Project is entrainment of fish at Tracy Pumping 
Plant Actual losses of juveniles and adults salvaged 
at the CVP cannot be reliably calculated because 
there is no information for splittail pre-screening 
loss (predation rates) or on efficiency of the louver 
screens for splittail. Salvage provides a relative 

I 
index of loss rates between years. However, sal- 1 vage levels may be influenced by seasonal or an- 
nual changes in predation and exports or by 
screening efficiency. 

Monthly salvage levels of different age classes of 
splittail at Tracy Fish Facility are summarized in 
Figure 117 (see Chapter 7 for discussion of salvage 
database). Based on the salvage data, it appears 

I 
that at least limited entrainment occurs throughout 
the year, with peak levels from February through 1 August These data were examined to determine 
the effect of CVP operations on different life stages 
of splittail and to determine what environmental 
parameters influence splittail salvage. 

Regression analyses for CVP salvage during the 
period of peak young-of-the-year salvage (May- 
July) are shown in Figure 118. Salvage levels were 
positively correlated with total Delta oufflow 
(p4.01) but showed no relationship with CVP 
exports (pN.005). An explanation for the relation- 
ship with outflow is that more young splittail are 
produced in wetter years. Because midwater trawl 
indices are also significantly correlated with total 
Delta outflow, higher salvage levels at the CVP are 
probably a result of an increase in the number of ., I 
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Figure 1 17 
ESTIMATED MONTHLY AVERAGE SPLITTAIL SALVAGED PER THOUSAND ACRE-FEET MPORTED BY THE 

CENTRAL VALLEY PROJECT, 1980-1 991 
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Figure 119 

SALVAGE OF YOUNG-OF-THE-YEAR SPUrrAlL AT THE 
CVP AND SWP VERSUS THE 

FALL MIDWATER TRAWL INDM, 1980-1 991 
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The question still remains whether the relative 
impact to the population increases in dry years. To 
examine this issue, entrainment indices for splittail 
were calculated using methods similar to those 
described for delta smelt (Chapter 5). Monthly 
young-of-the-year salvage at Tracy Fish Facility 
were divided by the midwater trawl index to cor- 
rect salvage data for year class strength. The indi- 
ces shown in Figure 120 do not support the Fish 
and Wildlife Service (1994) conclusion that the pr* 
jects have the greatest effect on young-of-the-year 
abundance in dry years. Indeed, the entrainment 
indices suggest that the relative impad of entrain- 
ment on young-of-the-year was actually lower 
during the recent drought than in previous years. 
Therefore, there is no evidence that entrainment 
loss& are responsible for the recent decline of split- 
tail recruitment. 
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Figure 118 
RElAnONSHlP BETWEEN AVERAGE CVP SALVAGE, 

AVERAGE TOTAL DELTA OUTFLOW, AND 
AVERAGE CVP EXPORTS, MAY-JULY 1979-1 991 

splittail in the system. As evidence, Figure 119 
shows a significant relationship between the mid- 
water trawl index and salvage of young-of-theyear 
at the CVP and SWP (~~0.05). Thus, it appears that 
splittail recruitment has a greater effect on the 
magnitude of entrainment-related losses at the 
CVP than operations or changes in the distribution 
of splittail. 
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Information on CVP entrainment of larval splittail 
is available from the DWR Egg and Larval Entrain- 
ment study for 1992 and 1993. Larval splittail en- 
trajnment was estimated beginning in 1992 as a 
requirement of the U.S. Army Corps of Engineers 
permit for the South Delta Temporary Barriers Pro- 
ject. However, catch data are available from 1988, 
when identification of splittail to the species level 
began Seven sites are sampled in the southern 
Delta (sites 91-96,98), and in 1992 five sites in the 
central Delta were added (sites 930-934) (sites are 
shown on Figure 43, page 77). 

In general, splittail larvae may be present in the 
southern Delta from late March through June, but 
occurrence may vary within this period from year 
to year. Splittail appear to be more a resident spe- 
cies in the southern Delta. They do not seem to be 
present primarily due to transport from the central 
Delta, as appears to be the case for delta smelt. In 
general, splittail larvae are most common at the 
CVP and SWP intake sites (9296) and to the east 
(93,94,98), but they are occasionally collected'at 
sites that could be indicative of larval transport 
from the central Delta (91,95,930,931,934). Over- 
all, results suggest few splittail larvae occur in the 
sou,&m Delta, even though suitable spawning 
habitat is available. 

In 1992, splittail were collected near the CVP intake 
(site 96) on April 16; in Grant Line Canal (sites 94, 
98) on March 27, April 1, and April 6; and in Old 
River upstream of the CVP intake (site 93) on April 
4 and 8 (Spaar 1993). No splittail were collected on 
Old River north of Clifton Court Forebay (site 91) 
or in North Canal (site 95). In comparison, splittail 
were collected only at central Delta sites 930 and 
934 on April 14 and 16. Similarly, in 1993 splittail 
were collected in Grant Line Canal (site 98) on 
April 4,6, and 10 and June 3 and in Old River (sites 
9293) on June 15 and April 6, but were not col- 
lected north of the forebay (sites 91, 95) (DWR 
1994). Splittail were collected only at central Delta 
sites 930, 931, and 934 between March 23 and 
June 5,1993. 

Table 10 shows estimated entrainment of splittail 
larvae in 1992 and 1993 for both the Central Valley 
Project and the State Water Project. No larvae were 
collected near the CVP intake in 1993; therefore, no 
entrainment was estimated. 

Table 10 
ESIMATED ENTRAINMENT OF SPUlTAlL LARVAE, 

1992-1 993 
(hum& of Fkh) 

Year CVP SWP Total 

1992 109 0 109 
1993 0 1 94 1 94 
Total 109 194 303 

Contra Costa Canal 

The Contra Costa Canal, owned by USBR and op- 
erated by Contra Costa Water District, has an un- 
screened intake at Rock Slough that draws 50 to 250 
cubic feet of water per second from Rock Slough. 
Its operations have been addressed in the Septem- 
ber 9,1993, biological opinion (FWS 1993b), Ap- 
pendix A of which addresses Saaamento splittail. 
Losses of larvae would be expected whether the 
intake were screened or not. I 
Although no loss estimates are available for juve- 
nile or adult splittail, one splittail was collected in 
DFG sampling for the Contra Costa Canal intake 
entrainment study. This fish was caught with a 
sieve net during overnight sampling on March 
21-22, 1994 More information on this study is 
available in the similar section for delta smelt 
(Chapter 5). I 
Department of Water Resowes egg and larval 
monitoring, which began in Rock Slough in 1992, 

I 
caught no larval splittail between February 12 and 
July 15,1992, and on only 2 days between February 
16 and July 15, 1993 (Spaar 1993, DWR unpub- 
lished data). Catch densities in 1993 were: 

April 10 0.0086 larvadm03 = 0.007RAF 
June 5 0.01 18 lmdm = 0.0096lTAF 

Entrainment of splittail larvae in 1993 was esti- 
mated to be about 11m. Entraininent was esti- 
mated using the same methodology as for the CVP 
and SWP intakes (Spaar 1988). A discussion of how 
larval entrainment is estimated is included in the 
North Bay Aqueduct section of Chapter 5. 

I 
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Monthly entrainment of splittail larvae per acre- 
foot at the Contra Costa Canal was estimated from 
densities measured in Rock Slough and compared 
with monthly entrainment at the SWPand CVP for 
1992 and at the SWP, CVP, and North Bay Aque- 
duct for 1993 (Figure 121). Estimates shown in 
Figure 121 may not be representative of actual 
entrainment because larval distribution in front of 
the diversions is influenced by tides. For example, 
larvae collected near the diversions are more likely 
to be entrained during a flood tide than an ebb tide. 
No splittail were estimated to have been entrained 
in 1992 at the Contra Costa Canal or SW. At the 
CVE en tminment occurred only in April, at 4.80 

. larvae per acre-foot. The North Bay Aqueduct was 
not sampled in 1992, so entrainment was not esti- 
mated. For 1993, splittail larvae were entrained in 
April (10.59 larvae/aae-foot) and June (14.58 lar- 
vae/acre-foot). No larval entrainment was esti- 
mated to have occurred in February,, March, May, 
or July. The entrainment density was lower at the 
Contra Costa Canal than at the State Water Project 
in June. 
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Figure 121 
NUMBER OF SPLrrrAlL ENTFMNED PER ACRE-FOOT FOR 

CONTRA COSTA CANAL, NORTH BAY AQUEDUCT, 
STATE WATER PROJECT, AND CEMRAL VALLEY PROJECT 

Delta Cross Channel 

Effects of the Delta Cross Channel gates on splittail 
are not known. As described for delta smelt, gate 
closm could interfere with spawning success of 
splittail by delaying any fish migrating from the 
central Delta to the Sacramento River. Also, Cross 
Channel operation could alter entrainment at the 
SWP and CVP by altering Delta hydrology. Trans- 
port modeling studies suggest that the relative 
impacts depend on the relative distribution of 
spawning between the Sacramento and San 
Joaquin rivers. However, analyses presented ear- 
lier in this chapter indicate entrainment does not 
have a detectable effect on splittail abundance. 

Effects of the State Water Project 

Possible e&cts on splittail of State Water Project 
facilities, including Banks Pumping Plant, North 
Bay Aqueduct, Suisun Marsh Salinity Control Gates, 
and South Delta Barriers, are reviewed below. 

Banks Pumping Plant 

Entrainment at Banks Pumping Plant is the most 
obvious effect of the State Water Roject on splittail. 
However, there is insufficient information on pre- 
dation rates in Clifton Court Forebay and screen 
efficiencies at Skinner Fish Facility to quantify ac- 
tual loss of juvenile and adults. Although salvage 
levels at Skinner Fish Facility vary due to seasonal 
or annual changes in predation and exports or 
screening efficiency, salvage provides the best 
available index of loss rates between years. 

Monthly salvage levels of different age classes of 
splittail at Skinner Fish Facility are summarized in 
Figure 122 Chapter 5 includes a discussion of the 
salvage database. At least limited entrainment ap- 
p m t l y  occurs throughout the year, with peak 
levels in February-August. These data were exam- 
ined to determine the effect of SWP operations on 
different life stages of splittail and what environ- 
mental parameters influence splittail salvage. 

Figure 123 is a comparison between salvage levels 
during the months of peak young-of-theyear abun- 
dance, total Delta outflow, and SWP exports. There 
is no statistically significant relationship between 
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MONTHLY AVERAGE ESTIMATED SPLllTAlL SALVAGED PER ACRE-FOOT EXPORTED BY THE 
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Figure 123 
RELATIONSHIP BETWEEN AVERAGE SWP SALVAGE, 

AVERAGE TOTAL DELTA OUTFLOW, AND 
AVERAGE SWP EXPORTS, MAYJULY 1979-1 991 

salvage and either outflow or exports, but salvage 
appears to be generally higher in wetter years. 

Possible Wrences in salvage between wet and dry 
years were tested using the Mm-Whitney U-test. 
Total SWP salvage of young-of-the-year for 1979- 
1991 was grouped into "dry" (critical-below 
normal) or "wet" (above normal-wet) years. Differ- 
ences between the two groups were significant at 
the p<0.01 level, with salvage greater in wet years. 
The best explanation is that salvage levels directly 
reflect trends in young-of-the-year abundance; re- 
cruitment is higher in wetter years, increasing the 
number of young splittail observed at the SWI? 
This conclusion is supported by the direct relation- 
ship between salvage at the export facilities and 
the midwater trawl index (Figure 119). 

Entraixunent indices similar to those described for 
the CVP were developed as a means to correct the 
salvage data for yearclass strength. Figme 124 
provides no evidence to support the Fish and Wild- 
life Service (1994) hypothesis that relative impacts 
to the splittail population are greater during dry 
years. Moreover, the relatively low entrainment 
indices in most years since 1987 are consistent with 
results for the CVP. As a resultI it cannot be con- 
cluded that entrainment-related losses are respon- 
sible for the recent decline of juvenile splittail 
abundance. 
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Information on entrainment of splittail larvae at 
Banks Pumping Plant is available from the DWR 
Egg and Larval Entdnment Study for 1992 and 
1993 (Figure 121, Table 10). More information on 
larval splittail near the SWP intake can be found in 
the discussion for the Central Valley Project. 

No splittail larvae were collected near the SWP 
intake in 1992, but they were collected in Old River 
upstream and near the CVP intake (sites 93,96) and 
in Grant Line Canal (sites 94,98) (Spaar 1993). In 
1993, splittail Iarvae were collected near the SWP 
intake on June 15 (DWR 1994). The 1993 entrain- 
ment of splittail was estimated at about 195,000 
larvae (less than 21 mm long). 

North Bay Aqueduct 

The fisheries surveys described in the North Bay 
Aqueduct section for delta smelt would potentially 
also provide information on splittail in Barker, 
Lindsey, and Cache sloughs. Pre-project surveys 
from 1986 to 1988 indicate splittail comprised only 
0.61% of the total catch and ranged from 80 to 119 
mm FL (Kano 1989). Relative abundance of splittail 
less than 100 mm was higher during winter (Feb- 
ruary; 0.00071 splittail/cubic meter or 0.00058/ 
TAF) and summer (July; 0.00066 splittail/cubic 
meter or 0.00054/TAF) than during fall (October; 
0.00007 splittail/cubic meter or 0.000057/TAF). 
Average size of these fish was 86.8 mm FL Post- 
project surveys from 1988 to 1990 indicate splittail 
compnlsed0.06% of the totalcatch (1 fishat 257- 
PI,) (Kano 1990b). The catch pattern of these sur- 
veys indicate splittail were collected primarily 
during the period following the high outflow of 
spring 1986; that is, July and October 1986 and 
February 1987. From 1987 to 1991, splittail were 
caught only in February 1989 (1 fish, 257 mm FL) 
and 1991 (1 fish, 101 mm FL). Similarly, DFG trian- 
nualmonito~g from 1975 to 1979 caught only one 
splittail, in February 1976, at 330 mm FL @FG 
unpublished data). Purse seine sampling in spring 
1993 did not collect any splittail (Lindberg 1993). 

Larval fish surveys from 1986 to 1991 identified 
cyprinid species to the family level only. Identifi- 
cation to species began in 1993. Egg and larval 
monitoring between February 16 and July 13,1993, 
collected splittail larvae in Barker Slough on only 
two occasions: March 23 (0.0077 lamae/cubic 

meter or 0.0062/TAF) and May 20 (0.0084 larvae/ 
cubic meter or 0.0068/TAF) @WR unpublished 
data). 

Monthly entrainment of splittail larvae per acre- 
foot at the Barker Slough intake was compared 
with monthly entrainment at the SWP, CVP, and 
Contra Costa Canal intakes for 1993 (Figure 121). 
At the North Bay Aqueduct, splittail larvae were 
entrained in May only, at 5.20 per aae-foot, which 
is lower than monthly entrainment density for the 
other sites when larvae were entrained. No larval 
enbinment was estimated to have occurred in 
February-April or June-July. 

Suisun Marsh Salinitv Control Gates 

A monitoring program has been underway since 
1987 to determine whether operation of the Suisun 
Marsh Salinity Control Gates had a significant ef- 
fect on fisheries. The studies were designed to 
address concerns by the Environmental Protection 
Agency, National Marine Fisheries Service, and 
Fish and Wildlife Service that the gates might 
attract predators, resulting in increased loss of 
juvenile striped bass and migrating juvenile 
salmon, or could delay the upstream migration of 
adult salmon. 

Monitoring data for splittail was described in 
Chapter 7. As demonstrated by Figure 104, there is 
no detectable difference in splittail density before 
and after construction of the gates in 1989. Splittail 
remain the second most abundant fish species cap- 
tured in DFG gill-net studies in Montezuma 
Slough, indicating that the gates have not had a 
sigruficant effect on splittail. 

South Delta Barriers 

As with delta smelt, the South Delta Temporary 
Barriers Project could alter splittail salvage rates 
through changes in circulation patterns and losses 
to SWP and CVP diversions. DWR (1993) reports 
that from 1979 to 1991, the median number (based 
on monthly values) of splittail salvaged between 
April and November was 1,160 for the SWP and 
2,383 for -the CVR In 1992, the median number 
salvaged between April and September was 20 for 
the SWP and 51 for the CVP. Although part of the 



decrease can be attributed to overall decline in 
splittail abundance, these numbers do suggest 
salvage of splittail did not increase while the bar- 
riers were in place. 

The Tempomy Barriers Project could also impact 
splittail through changes in larval transport and 
recruitment patterns (DWR 1993). Overall, egg and 
larval survey results suggest few splittail larvae 
occur in the project area, even though suitable 
spawning habitat is available. However, larval 
abundance in the central Delta was also low during 
1992 Thus, it is lausi'ble that larvae caught in the 
southern Delta L a  tch from eggs spawned in the 
region. Yet, because of the timing of barrier place- 
ment, it is likely that the barriers had little effect on 
larval survivorship or recruitment in the project 
area. 

During 1992, DFG collected two splittail in 
monthly hoop-netting and electrofishing surveys 
upstream and downstream of the barriers (DWR 
1993). Both fish were caught during April in Old 
River about 5 krn southeast of the Old River near 
Tracy barrier. Although these data show some 
splittail were impounded behind the barriers, the 
low catch suggests population effects were mini- 
mal. 

Effects of PG&E Power Plants 

Adult and juvenile Sacramento splittail are com- 
monly found near ffi&E's Pittsburg and Contra 
Costa power plants (PG&E 1992a). Survey results 
at these facilities are summarized in Chapter 7. 
Splittail appear to be attracted to thermal dis- 
charge, as indicated by higher abundance within 
the Pittsburg Power Plant thermal plumes than in 
nearby waters (Gritz 1971). 

Data on splittail entrainment at PG&E's facilities 
are limited to surveys during 1978 and 1979 (ffi&E 
1981a, 1981b). In general, splittail entrainment ap- 
pears much lower than for other species. Results 
from April 1978 to April 1979 show that 123,000 
splittail were entrained at Contra Costa Power 
Plant (PG&E 1981a, 1981b). However, it is possible 
that not all of these individuals are lost, because 
the diverted water is returned to the estuary. It is 
unknown whether the facilities pose a significant 
threat to splittail. 

Factors That May Influence 

Effects of Agricultural Diversions 

A detailed discussion of agricultural diversions 
was predented in Chapter 5. Limited information 
is available on splittail from 1992 and 1993 sam- 
pling for the Delta Agricultural Diversion Evalu- 
ation. No life stages of splittail have been collected 
from any of the diversion sites, but larval splittail 
are present in adjacent channels at two sites (Spaar, 
in press; DWR unpublished data; Griffin 1993). 

No larval splittail were collected in 1992 or 1993 
from the diversion sites. However, larvae were 
collected from the adjacent channel in both years 
at two sites - Twitchell Island and Naglee Burk 
In 1992, one larvae (7.6 mm TL) was caught off the 
Witchell Island site (San Jbquin River) on April 
16. Downstream of the Naglee Burk site (Old 
River), larvae were caught on April 4 (1 larvae, 6.8 
mm TL) and April 8 (2 larvae, 7.0 and 7.1 mm TL). 
In 1993, splittail larvae were again only collected 
in the channel adjacent to these two sites. Splittail 
larvae were caught consistently from March 23 to 
April 10 off the Twitchell Island site (total of 5 
likvae, -8 mrn TL). One larvae was caught on April 
6 downstream of the Naglee Burk site. 

No juvenile or adult splittail were collected from 
the diversion sampled at Naglee Burk in 1992 and 
1993, or at Twitchell Island, Bacon Island, Bouldin 
Island, or McMullin Tract in 1993. None were col- 
lected using a tow-net sled in adjacent channels in 
1992 and 1993 or by otter or midwater trawl in 
August and September 1993 (Spaar, in press; DWR 
unpublished data). 

Although there is no direct evidence of entrain- 
ment, splittail are probably most vulnerable to di- 
versions in February-June, dduring their larval and 
early juvenile stages. Swimming ability is weakest 
in the larval stage for most fish species. The Delta 
irrigation season is usually from late March or 
early April through September Csee discussion in 
Chapter 5). 
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Effects of Predation and Competition 

Splittail abundance trends may also be affected by 
a number of native and introduced fish and inver- 
tebrate species. The exceptionally large number of 
introduced species are of particular concern as 
they have extensively modified the ecosystem. 
Possible effects through predation and competi- 
tion are described below. 

Of the numerous predators in the region, most 
such as catfish, striped bass, and sunfish were well 
established in the estuary before low recruitment 
levels of splittail occurred during the past 7 years. 
Several of these species (eg, striped bass) also de- 
clined in abundance over the same period as split- 
tail young-of-the-year abundance and are, 
therefore, unlikely to be responsible for recent 
trends, although they do contribute to splittail 
mortality. Although recent water transparency in- 
creases in the estuary could have enhanced preda- 
tion, analyses indicate that this variable is not 
correlated with splittail abundance. 

If predation has a major effect on splittail recruit- 
ment, the most probable explanation is that a 
recently introduced species is responsible. The 
species most likely to have the greatest effect are 
inland silverside (introduced in 1975) and the 
yellowfin and chameleon gobies (introduced in the 
late 1950s). 

Predation studies using large field enclosures 
stocked with larval striped bass demonstrate that 
inland silversides are highly predaceous (Bennett 
et al 1993). Silverside abundance appears to have 
increased dramatically in the early 1980s and con- 
tinued to increase over the latter part of the decade 
when splittail young-of-the-yau indices were low. 
The relationship between splittail and inland silver- 
side abundance was examined using data from the 
midwater trawl Annual c~tch-per-unit-effort for 
each species was calculated as the average of the 
monthly catch for September-December during 
1980-1990, when silverside became highly abun- 
dant. Regression anal ses indicate no significant r relationship in CPUE or the two species (a.19).  
Given the complexity of predator/prey inter- 
actions, it is nonetheless possible that silverside 
may negatively impact splittail. 

Chameleon goby was relatively rare in the rnidwa- 
ter trawl catch until 1988, the year after a decline 
in splittail young-of-the-year abundance was 
noted at the beginning of the 6-year drought. There 
are W a e n t  data points to determine whether 
the abundance of these species may be associated. 
Recent data from UC-Davis also suggest that spe- 
cies classii as chameleon goby actually repre- 
sent two distinct species (P. Moyle, pers comm). By 
contrast, yellowfin goby have been a common spe- 
cies in the midwater trawl throughout the period 
of record. However, a comparison of CPUE be- 
tween yellowfin goby and splittail in the midwater 
trawl for 1980-1990 suggests their abundance 
trends are not related (k0.09). This finding does I 

not rule out interactions between these two spe- 
cies. 

Several introduced fish species could also compete 
with splittail for food. In the Bay/Delta system, 
low food abundance and changing composition 
suggest that food could be limiting at juvenile or 
adult stages (Moyle et a1 1992). Inland silverside is 
a successful competitor with native species in a 
number of other locations (Lid al1976). This exotic 
species forms dense schools in shoal ateas, where 
splittail are more abundant. Yellowfin and chame- 
leon goby are potentially important competitors 
with splittail, because all appear to be benthic 
feeders. Nonethebs, the analyses described above 
provide no evidence that splittail abundance is 
related to trends in goby and inland silverside. 

The introduction of the Asian clam, Pofamucu~buln 
amrensis, is perhaps the most significant biologi- 
cal change in the estuary over the past decade. 
Recent evidence suggests that PotamcmbJa is re- 
sponsible in part for a decline in phytoplankton 
abundance in the estuary (Alpine and Cloem 1992) 
and may directly compete with fish by consuming 
Eutytewa affnis nauplii (Kimmerer, in press), an 
important zooplankton food sauce. Studies from 
1993 also indicate that high Delta outflow did not 
significantly reduce the range of the clam (L,ehman 
1993) and may, therefore, be an ongoing problem 
for resident biota. However, Pofamowrbufa does 
not account for lower abundance of young splittail 
in 1987, a year before the clam was well estab- 
lished. 
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Effects of Food Abundance 

Distribution and habitat use of splittail larvae are 
not well understood, and their feeding habits have 
not been studied. Studies are needed that would 
identify habitat requirements, food selection, and 
feeding behavior to determine the interactions of 
splittail and available food sources and the effects 
on survival and growth of the species thtoughout 
its range. These studies would help develop an 
understanding of the influence of ecological 
changes to its habitat on year-class s t ~ ~ ~ g t h ,  sur- 
vival, and population stability of splittail. 

Effects of food abundance on adults and juveniles 
are discussed below, followed by a discussion of 
food abundance trends. 

Effects of Food Abundance on 
Juveniles and Add@ 

Splittail arp predominantly benthic foragers with a 
limited range of prey types, and they feed oppor- 
tunistically on the benthic food items available 
within local habitats. 

Feeding studies document juvenile and adult split- 
tail as opportunistic benthic foragers. Caywood 
(1974) analyzed stomach contents of splittail from 
Miller Park on the Sacramento River in 1973 and - - 

1974 and found the most frequent items included 
detritus and algae (73 to 81%), earthworms (hm- 
bticus spp.) (40 to 64%) and dipterans (up to 46%). 
Relative abundance of food oqpnbms was domi- 
nated by oligochaetes, dadocerans, and dipterans. 
Dominant food organisms in splittail stomachs 
taken near Antioch in the fall of 1973 and analyzed 
by Caywood (1974) included copepods (86% rela- 
tive frequency) and dipterans, although in October 
stomachs were gorged with deh-ith and algae. 
Juvenile splittail (143 mm mean FL) sampled from 
Big Break in Apnl1974 had detritus, dams (Cm- 
bicula manilensis), amphipods (Corophium spp.), 
and copepods as the dominant food items (Cay- 
wood 1974). 

These findings were similar to d t s  of feeding 
studies by Daniels and Moyle (1983). Stomach con- 
tents of splittail from Suisun Marsh consisted pre- 
dominantly of detritus in both pexent frequency 
of occumnce (74%) and percent volume (57%). A 

smaller portion of the stomach contents (41% by 
volume) consisted of animal matter, dominated by 
crustaceans (35% by volume). Opossum shrimp 
(Neomysis mercedis) were the dominant crustacean 
food item (37% frequency; 59% volume less detri- 
tus) both daily and seasonally. Unlike Caywood's 
d t s ,  oligochaetes-were not a dominant food 
item for splittail in the marsh. Other minor prey 
items included mollusks, insects, and fish. 

Feeding and food selection studies conducted by 
Herbold (1987) suggest that splittail specifically 
select Neomysis as their main prey item ,jn Suisun 
Marsh. Fullness indices data indicate that condi- 
tion factors of splittail are linked to Neontysis abun- 
dance. Herbold found that as Neomysis densities 
decline there is concomi.tant increase in the inci- 
dent of detritus in stomach contents. Splittail did 
not switch to alternate and more prevalent food 
items as was observed for other native resident 
marsh s d e s .  It is hypothesized that declines in 
~~littail'abundance Gy be associated with the 
observed declines in Neumysis abundance (B. Her- 
bold, EPA, pers comm, May 5,1994). However, the 
historical range of splittail extends far beyond the 
estuarine habitat of Neamysis, so it is questionable 
whether the shrimp is a required food source. One 
possibility is that Neomysis is indeed the most suit- 
able food within the marsh, but other resources are 
available in upstream areas. 

Effects of Changes in Food Abundance 

The effects of changes in Delta phytoplankton and 
zooplankton species composition and biomass on 
fish is largely unknown. This is particularly true 
for larval splittail since information on food selec- 
tion is limited. The reduction in phytoplankton 
levels and shift m zooplankton species composi- 
tion was discussed in Chapter 5. Perhaps of great- 
est concern is a reduction in abundance of Neomysis, 
identified as a major food source for splittail in 
previous studies. This information is reviewed be- 
low. 

Herbold (1987) evaluated feeding habits and food 
selection of native resident fish species in Suisun 
Marsh, which included juvenile and adult splittail, 
comparing prey item abundances and stomach 
contents. Splittail utilized Neamysis almost exclu- 
sively as the main food source through the marsh. 
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Neomysis achieves its greatest abundance at low 
salinities of about 2-3 &/an (1-2 ppt) (Kimmerer 
1992; hutson and Orsi 1983). Mysid shrimp dis- 
tribution is similar to Eutytmma affinis, an estu- 
arine copepod, but the shrimp are more abundant 
in fresh water. Heubach (1969) found that rates of 
reproduction of mysids were highest from fresh 
water to a salinity of 3.6 ppt. Both of these species 
are commonly associated with the entrapment 
zone and are considered euryhaline, although 
mysids generally occur nearer the upstream extent 
of the entrapment ume (Obrebski et a1 1992; Kim- 
memr 1992). 

Neomysis abundance and distribution were de- 
scribed using abundance anomaly values to exam- 
ine long-term trends in the estuary (Obrebski et a1 
1992; Kimmerer 1992) (Chapter 5). The use of 
anomalies is described in detail by Obrebski et a1 
(1992). This type of analysis removed the effects of 
specific conductance and season, which cause 
short-term and localized variations in phytoplank- 
ton and zooplankton abundance. Anomalies are 
the difference in pigment measurements* for a 
sampling station and date and the mean pigment 
value for the specific conductance class (Table 2 in 
Obrebski et a1 1992) and month. 

Obrebski et a1 (1992) and Kimmerer (1992) exam- 
ined abundance trends of Neomysis in the estuary 
using Department of Fish and Game zooplankton 
monitoring data from 1972 to 1987. Abundance of 
Neomysis was higher between 1972 and 1976 than 
after 1976. This pattern was observed for several 
species of freshwater zooplankton (Obrebski et al 
1992). For the period analyzed, the lowest abun- 
dance of Neomysis was in 1977 and 1988 (Figure 41 
in Kimmerer 1992). Obrebski et a1 were able to 
show that declines in Neomysis abundance were 
seasonal and most significant in the fall both 
within the entrapment zone and regionally across 
the Delta (Tables 3 and 5 in Obrebski et a1 1992). 
Kimmerer (1992, Figures 44 and 45) found that 
entrapment zone position also had an effect on 
mysid abundance. Mysid abundance was lower 
when the entppment zone was upstream, but the 
pattern was influenced by season and correlated 
with temperature in some cases. Over all  seasons, 
Neomysis abundance was highest when entrap- 
ment zone position was less than 92 km upstream 
(Sherman Island) of the Golden Gate Bridge. 

The decline in mysid shrimp abundance has con- 
tinued through 1993, based on abundance anom- 
aly (Figure 125). Record low abundance was 
documented in 1990 and 1992 The decline coin- 
cides with 6 years of drought. Trends in abundance 
for splittail and Neomysis were evaluated for PO- 
tential associations. Regression analyses of 
Neomysis abundance anomaly on fall midwater 
trawl data (R=0.02) and log of fall midwater trawl 
data (r24.04) showed no correlations These re- 
gression coef%iaents do not support the hypothesis 
that splittail abundance is associated with 
Neomysis abundance. Effects of the long-term 
drought on estuary conditions and other environ- 
mental variables may be msponsible for the de- 
clines in abundance of either splittail or Neomysis. 
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Figure 125 
NEOMYSIS ANOMALIES, BY YEAR 

Source: Ooparbnont of Fish and Q~IM 

1 Pigment is an indicator of phytoplankton levels. 
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Effects of Recreational Harvest 

Splittail are not harvested comme&dly, but com- 
prise at least a small meational fishery. Harvest 
of splittail was first evaluated by Caywood (1974), 
who noted a recmatid  fishery near Sacramento, 
at the port of Stockton, and at the Mokelumne- 
Cosumnes River confluence. Angler surveys were 
also conducted by PG&E in 1974 to evaluate the 
fishery for a number of species near Contra Costa 

. and F5ttsburg power plants. Splittail averaged 
1.8% of the total catch by anglers from late June 
through October 1974 near Pittsburg Power Plant. 
In some cases, splittail averaged up to 14% of the 
total catch T m  of day had a significant effect on 
catch (P<0.01) ( K & E  1975a). Near Contra Costa 
Power Plant, splittail comprised 1% of the catch 
(PG&E 197%). 

The Dresent status of the recreational fishery is not 
k n o b  However, Moyle rt a1 (1993) rep& that 
splittail are sometimes used as bait for striped bass. 
Although recreational harvest could reduce the 
number of spawners, there is no evidence to sug- 
gest that this factor has a major effect on splittail 
abundance. 

Effects of Spawning Stock Size and 
Year-Class Strength 

Like delta smelt and other species, splittail abun- 
dance could be limited by the number of spawners 
in the population. If the spawning population is 
reduced by a fishery or environmental factors, re- 
cruitment may become poor. However, application 
of stock-recruitment theory to splittail is compli- 
cated by the fact that abundance data for adults are 
relatively crude, with no definite separation be- 
tween age classes. As demonstrated by Daniels 
and Moyle (1983), fecundity haeases with age, 
length, and weight, indicating that knowledge of 
the relative contribution of different age classes is 
necessary to evaluate recruitment patterns. 

In the absence of detailed size and age data, analy- 
ses were performed with the assumption that the 
number of year 2+ fish in the population was an 
adequate measure of the spawning stock. Spawn- 
ing stock size and year class strength were exam- 
ined using annual salvage and Delta Outflow/Bay 

study abundance indices, described in Chapter 7. 
Abundance indices were analyzed for SWP (1979- 
1993), CVP (1980-1993), Delta Outflow/Bay Study 
otter and midwater trawl indices (1980-1992), and 
Suisun Marsh survey (1979-1992) using linear re- 
gression and log transformation technipes. 

As shown in Figure 126, there is no significant 
relationship between the number of ear 2+ fish 
and young-of-the-year mruitment &inthe 
SWP (a.065, ~0.05) and CVP (r2=0.01, p>0.05) 

e'r log-transform data. The 9 values were even 
lower for untransformed data for the SWP 
(60.01) and CVP (r%0.01). As a specific example 
of why stock size does not appear to be a critical 
factor, large numbers of young splittail were pro- 
duced in 1983, despite apparently low levels of 
adults. By contrast, recruitment was poor in 1988, 
when there appeared to be a relatively strong 
spawning population. 

Analyses of the other studies' data are consistent 
with these results. There was no significant rela- 
tionship for the Delta Outflow/Bay Study mid- 
water (log transformed r2=0.001, untransformed 

I ' 

1 5  2 2.5 
LOO YEAR 2+ I 

Figure 126 

SPUrrAlL SALVAGE ABUNDANCE INDICES 
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data A0.067, p>0.05) or otter trawl (lo trans- 
formed &0.001, untransformed data k0.057, 
p>0.05). Similarly, the Suisun Marsh indices 
showed no significant relationship (log trans- 
formed A0.22, untransformed h . 0 6 ) .  

The stock-recruitment relationship was also exam- 
ined using an alternative approach with the fall 
midwater trawl dataset. The fall midwater trawl 
captures primarily young-of-the-year splittail, 
and, in the absence of data on adult catches, it was 
assumed that the annual abundance indices repre- 
sented young-of-the-year exclusively. 

To simplify the analysis, the following assump- 
tions were made: 

Adults reproduced at age 2 

All fish died after spawning at age 5. 

Age-specific mortality rates were constant 
among years. 

The third assumption allowed the use of the abun- 
dance index for young-of-the-year in a given year 
as an index of subsequent adult abundances. For a 
given year, the young-of-the-year abundance in- 
dex from 2 years prior was used as the abundance 
index for age class 2 adults. Likewise, the abun- 
dance of adults in age classes 3,4, and 5 were taken 
as equal to the young-of-the-year abundances from 
3,4, and 5 years before. 

Daniels and Moyle (1983) provide mean standard 
lengths for Sacramento splittail at 1 ,2  3,4, and 5 
years old and also a regression equation for calcu- 
lating splittail fecundity based on standard length. 
The following procedure was used to develop a 
measure of the relative reproductive contribution 
of each age class: 

Fecundity was calculated for adult age classes 
(2-5 years). 

Age-specific fecundities were divided by the 
maximum fecundity (5 years old) to give the 
relative fecundity of each age class. 

Adult abundance indices for each age class were 
multiplied by the corresponding age-specific 
relative fecundity to yleld the relative repro- 
ductive contribution of each age class. 

Data were log transformed because the abundance 
indices did not conform to a normal distribution. 
Log transformation normalized the dataset. (Kol- 
morgorov-Smirnov statistic = 0.5136, p>0.05). For 
each analysis, several data transformations (recip- 
rocal,recipnxalsquatleroot,~dofthefaurth 
root,naturallog, fourth root, and square root) were 
applied to the independent variable to identify the 
best fit xegression equation. The young-of-thyear 
abundance indices were regressed on several com- 
binations of adult age class, as follows: 

YOY abundance index in a given year versus 
the abundance index of 2-year-old adults. 

YOY abundance index in a given year versus 
the average abundance index of 2- and $year- 
old adults. 

YOY abundance index in a given ye& versus 
the average abundance index of 2-, 3-, and 4 
year-old adults. 

YOY abundance index in a given year versus 
the average abundance index of 2-, 35 4, and 
5-year-old adults. 

In addition to these regressions, the weighted 
abundance indices of the 2-, 3-, 4, and 5-year age 
classes were averaged and a regression analysis 
performed on the young-of-theyear abundance 
index in a given year and the weighted average of 
the 2-, 3-, 4, and 5-year age classes. 

I 
The annual young-of-the-year abundance indices 
were not significantly related (p< 0.05) to any com- 
bination of adult abundance indices (Table 11). No 
significant relationship was found between the 
annual abundance indices and the average of the 
2-, 3-, 4, and 5-year classes weighted according to 
reproductive contribution. 

TaMe 11 
RESULTS OF REGRESSION ANALYSES OF 

YOUNG-OF-THE-YEAR ABUNDANCE INDICES 
FOR SACRAMENTO SPUlTAlL AND 
AVERAGE ABUNDANCE INDICES OF 

COMBINAIONS OF ADULT AGE CLASSES 

~dutt ~ g e  Classes ' ? p v a l u e  

O-y~o lds  only 0.02 0.55 
Average of 2- and 9year-olds 0.13 0.10 
Average of 2; 9 ,  and 4-yearoIds 0.13 0.10 
Average of 2-, 9,4-, and 5-yearolds 0.08 022 
Weighted average of 2; 4; and &year& 0.05 0.36 
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The salvage and midwater trawl d t s  suggest 
that environmental factors - not the number of 
adults - control splittail recruitment. However, 
regredon analyses indicate that recruitment af- 
fects the number of spawners. Figwe 127 shows 
that there are significant relationships (pc0.01) be- 
tween thenumber of young-of-the-year and year 1 
abundance one year later and young-of-the-year 
and year 2+ abundance two years later at the SWP. 
The relationships are not statistically significant 
for the CVP, but do show a similar tren& high 
young-of-the-year indices result inhigher levels of 
year 1 splittail The same general bend is also evi- 
dent in the Delta Outflow/Bay and Suisun Marsh 
studies (Figwe 128). All except the young-of-the!- 
year/year 1 relationship for the otter trawl are sta- 
tistically significant at the p4.05 l e d  

Additional data are not available to M y  con- 
firm this trend for years prior to 1979, but the low 

levels of year 2+ observed at the W in 1979 
(Figure 127) are consistent with the extremely low 
midwater trawl indices in 1976 and 1977 (Fig- 
we 84, page 120). Similarly, improved levels of 
year 2+ in 1980 seem compatible with the mark- 
edly higher midwater trawl indices in 1978. 

Given an association between young-of-the-year 
indices and the number of adults subsequently 
observed in the population, it is possible that poor 
recruitment during the recent &year drought will 
lead to a reduced spawning stock. Nonetheless, the 
lack of a stock mruitment relationship for this 
species indicates that a reduction in the number of 
spawners is not responsible for low levels of 
young-of-the-year, at least through 1992 If recruit- 
ment patterns during the past three decades are 
indeed rep~sentative of the resilience of this spe- 
cies! young-of-the-year production should rebound 
quickly when environmental conditions improve. 

SWP CVP 
)YOY vs. YEAR 1 I 

I 0 1 2 3 4 
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RELATIONSHIPS BETWEEN YEAR 1 AND PREVIOUS-YEAR YOUNG-OF-THE-YEAR AND 
YEAR 2 t  AND YOUNG-OF-THE-YEAR TWO YEARS EARLIER FOR 

SWP AND CVP ANNUAL SALVAGE ABUNDANCE INDICES 
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Few water quality parameters have the potential 
to affect the abundance and distribution of Sacra- 
mento splittail over its entire range. A general dis- 
cussion of some of the major water quality 
parameters was provided in Chapter 5. Water 
transparency and specific conductance (salinity) 
are the most likely factors that could affect splittail 
at the population level. Water temperature, pH, 
and dissolved oxygen have not changed on a scale 
large enough to affect splittail. Factofs such as 
silica, nitrate, and phosphate are not believed to 
directly affect this species. 

One possible explanation is that increased flood- 
plain inundation or high outflow is necessary to 
create strong year classes. 

Effects of Water Quality 

This following sections discuss the potential for 
water transparency and specific conductance to 
affect the splittail population The results should 
be interpreted with caution, because the correla- 
tion analyses shown do not necessarily demon- 
strate cause-andeffect relationships. 

[YOY vs YEAR 1 I 
m . . 

z 

Wafer Trans~arencv 

0 9 0.5 

~YOY vs YEAR 2+1 

Water transparency is directly dependent on the 
concentration of suspended organic and inorganic 
particles. Major factors influencing transparency 
include sediment transport from streamflow and 
seasonal blooms of phytoplankton. 
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Secchi depth readings show that water transpar- 
ency has been variable throughout the upper estu- 
ary, but there has been an inaeasing trend in most 
regions (Chapter 5). Studies with other species 
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(Ligon et a1 in press) indicate that such increases 
could increase the susceptibility of splittail to pre- 
dation 

The relationship between splittail abundance and 
water transparency was evaluated using an ap- 
proach similar to that described for delta smelt. 
Results are ed in Table 12 In general, 
water transparency was not significantly corre- 
lated with splittail abundance. The only exceptions 
are the northern Delta in spring and Suisun Bay in 
fall. However, the lack of a c d t e n t  bend be- 
tween seasons and regions indicates these relation- 
ships may be spurious. 

Table 12 
RESULTS OF CORRELATION ANALYSES, 

SPLITTAIL MIDWATER TRAWL ABUNDANCE AND 
MEAN SEASONAL ESTIMATES OF 

SECCHI DISC DEPTH FOR 
FIVE REGIONS IN THE UPPER ESTUARY 

C o n ~ n t v a l u ~ o  are rnm seesonel mean soesonal Seahi disc dew 
anom- (variation due to 8poclRc conduema removed). 

M resub are lor 1871 to 1891. 

Correlation Coeffodents 
Region Winter Spring Stowner Fall 
Southern Delta 4.30 404 0.10 0.25 
Central Delta 0.27 0.07 0.08 0.19 
Northern Delta 0.37 0.49' 0.09 0.07 
Western Delta 0.25 0.23 0.25 0.01 
Suisun Bay 0.22 0.20 0.15 0.39' 

P4.W 

S~ecific Conductance 

The Fish and Wddlife Service (1994) identified salin- 
ity increases in the Suisun Bay/Grizzl Bay region J as a possible factor influencing spli abundance. 
The major factor controlling specific conductance 
in the estuary is sea water intrusion In the south- 
ern Delta, agricultural drain water may also alter 
specific conductance independent of salt water 
movement. 

Specific conductance directly affects the distribu- 
tion of splittail, although the optimum salinity 
range for different life stages is not known. In 
Suisun Bay, splittail of all sizes are most consis- 
tently found in shallow water at dinities less than 
2-3 ppt (Meng 1993). However, splittail appear to 
tolerate higher levels, as catches aik often greatest 
in summer when salinities are 6-10 ppt. 

Salinity tolerance of splittail was examined in fur- 
ther detail using data from the Delta Outflow/Bay 
study for 1980-1992 Catch data from the midwater 
and otter trawl surveys were separated into 
young-of-theyear, year 1, and year 2+ using meth- 
ods described in Chapter 7. Samples were then 
grouped based on either average salinity (mid- 
water trawl) or bottom salinity (otter trawl) for two 
periods: January-July and August-December. The 
catch data have not been adjusted to account for 
sampling effort or area. Moreover, it is difficult to 
use the data to differentiate between active prefer- 
ences and tolerance of enviro~nental conditions. 
For example, splittail may choose to remain in 
suboptimal salinities if other habitat conditions (eg, 
food abundance) are positive.l The results are 
summarized in Figures 129 and 130. 

The highest catches of all age classes occurred at 0 
ppt, which is consistent with observations by 
Meng (1993). In general, older age classes of fish 
are more common at a broader range of salinities 
but show no detectable change in distribution be- 
tween the two halves of the year. In contrast, it 
appears that young-of-the-year splittail become 
more abundant at higher salinities in the second 
half of the year. While midwater and otter trawl 
catches of young-of-the-year occurred up to 10-13 
ppt throughout the year, there were more observa- 
tions above 0 ppt during August-December. It is 
d e a r  whether this seasonal shift represents an 
active migration of young~f-the-year to higher 
salinity water or whether higher salinity water 
intrudes into splittail habitat as oufflow decreases 
in late summer and early faU If the latter hypothe- 
sis is correct, large numbers of young~f-theyear 
may be observed at low salinities in winter and 
spring because they are carried downstream to 
Suisun Bay and beyond by high flows. 

1 Salinity challenge studies underway at the University of California, Davis, may help to address this issue. 

176 
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Figure 129 Figure 130 
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Because the highest catches of all Iife stages of 
splittail were observed at low salinities, this vari- 
able may account for trends in abundance This 
was examined by correlating mean seasonal spe- 
cific conductance values with splittail midwater 
trawl abundance on a regional basis for 1971-1991. 
Development of the water quality database was 
described in Chapter 5. 

As shown in Table 13, splittaiI abundance was 
negatively correlated with specific conductance in 
all regions of the upper estuary in a variety of 
seasons. The highest correlation coefficients were 
generaUy found during summer and fall, when 
specific conductance values tend to be highest. 
However, these relationships are not necessarily 
cause and effect. A number of variables co-vary 
with salinity and may have a more direct effect on 
splittail abundance. As an example, inundation of 
potential floodplain spawning habitat occurs dur- 
ing wetter years, when salinities lowest. 

Table 13 
RESULTS OF CORRELAION ANALYSES, 

SPLITTAIL MIDWATER TRAWL ABUNDANCE AND 
MEAN SEASONAL ESTIMATES OF 
SPECIFIC CONDUCTANCE FOR 

FNE RE(310NS IN THE UPPER ESTUARY 
Wwa em mean eeasonal meen masod spociflc condudenco. 

&I re~Ugearekr 1071 to 1861. 

ConelationCoe~ts 
Region Wntet Spring Surmr Fall 
Southern Delta -0.50' 4.64' 4.74" 4.62" 
Central Delta 0.32 4.30 0.44' 436  
Notthem Delta 0.31 0.29 0.26 0.29 
WestemDeJta 432 d35 0.42' 4.39' 
sulm Bay 0.49' 0.58" 0.60" 0.53" 

P8.05 
" P8.01 - P8.005 

Effects of Contaminants 

Toxic con in detail in Chapter 5, , ~ ~ d ~ o n s .  Possible pollut- 
ants include heavy metals, pesticides, herbicides, 
andpolycyclic aromatic hydrocarbons. No toxicity 
studies have been conducted to &ermine the sen- 
sitivity of splittail to these compounds. Contami- 
nants in the sediments are potentidly the greatest 
threat to splittail because they are freqyently in 
shallow water near the bottom, although contami- 
nants in the water column are also a concern. Evi- 
dence suggests that toxins in sediments may have 
significant effects on the biota of the benthic envi- 
ronment, even at low levels (Elder 1988). Splittail 
reside in the shoals, where there is a greater risk of 
exposure to urban and agricultural runoff. Toxicity 
may be d u c e d  in channel areas where greater 
dilution and flushing occur. 

The fact that most of the surveys for juveniles 
showed an inaease in abundance in 1991 is of 
possible significance. Rice field discharge practices 
were changed this year, leading to a reduction in 
herbicide levels in water discharged into areas 
known to contain splittail. In 1991, Bennett et a1 
(1994) noted a major reduction in liver deformih, 
a characteristic of toxic exposure, in young striped 
bass. 
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CVP/SWP OPERATION SIMULATIONS 

The Bureau of Reclamationfs PROSIM model was 
used to simulate CVP/SWP operations for pur- 
poses of examining the effects of criteria contained 
in the February 12,1993, National Marine Fisheries 
Service biol&cal opinion on system responses 
thoueht to be of simificance to the environment of 
the dvelta smelt. The purpose was to demonstrate 
and quantify the significant diffemes created, 
especially in Delta conditions, due to operations 
required of the CVP and SWP in compliance with 
the NMFS criteria. The most significant of these 
criteria, the minimum QWEST criterion, results in 
increased Delta oufflow and decreased CVP and 
SWP export pumping, especially during February,, 
March, and April, three months during which the 
projects are required by the FWS 1994 biological 
opinion to provide transport and habitat flows to 
benefit delta smelt. 

The NMFS criteria have been implemented for 
only two years: 1993 and 1994. These criteria were 
not in place during the late 1970s through 1992# 
cited by FWS as a period of decline for delta smelt. 
The 1994 FWS biological opinion regards CVP and 
SWP operations, as carried out during that period, 
as a factor in the decline of the delta smelt. FWS 
relied on this linkage in its determination that CVP 
and SWP operations would jeopardize the delta 
smelt. An examination of the differences in CVP 
and SWP operations caused by the NMFS criteria 
suggests: 

Transport and habitat flows are provided for a 
significantly greater number of days, especially 
in Februaryf Marchf and April. 
Project operations are so different than those of 
the late 1970s to 1992 that a detednation of 
how or when the CVP and SWP could be jeop- 
ardizing delta smelt should consider only cur- 
rent operations (including NMFS) aiteria. 
Certain ekmmts of the NMFS criteria also p r e  
tect delta smelt and could be accepted as suffi- 
cient protection to avoid a dual set of criteria, 
which would increase the likelihood of man- 
agement conflicts between the needs of winter- 
run Chinook and delta smelt. 

PROSIM version 5.31 was used for two studies 
encompassing 70-year sequences of CVP and SWP 
operations. The studies considered operations 
with: 

Decision 1485 Only (Pre-NMFS) - RUN531E 
Decision 1485 Plus NMFS (Post-NMFS) - 
RUN531F 

Detailed documentation of the PROSIM model, the 
input data, modeling assumptions and criteria, 
and results of the two studies are available from 
the Bureau of Reclamation This chapter briefly 
describes aspects of the PROSIM model most sig- 
nificant to these two studies. 

Hydrologic Data 

Both studies use historical hydrologic data for the 
Central Valley for 1922 to 1991. These data are 
superimposed on a forecasted 1995 level of devel- 
opment. The PROSIM hydrologic database is the 
same as Water Resources' DWRSIM database (with 
some e~ceptions)~ but it is organized into the for- 
mat required for PROSIM. Hydrologic inputs of 
the eastside streams and San Joaquin River are 
supplied as a time series of 'pre-operated" inflows 
to the Delta, derived from DWRSIM analyses. 

Demands 

For both the pre-NMFS and post-NMFS studies, 
1995 level demands were assumed for the CVP. In 
most cases this was the same as full contractual 
water supply. North-of-Delta demands may be re- 
duced depending on hydrologic conditions in the 
Sacramento Valley. In summaryf 1995-level annual 
CVP demands were: 

Million 

North of Delta (maximum) 3.089 
South of Delta (including Cross Valley) 3.535 
Total 6.624 
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Specifically, CVP demands include Refuge Water 
at Level I 1  including 143.3 TAP in the Sacramento 
Valley and 201.3 TAF in the San Joaquin Valley 
with only 50 TAF assumed used for Grasslands. No 
interim water supplies are assumed. Cross Valley 
Canal demand is 128 TAF (wheeled by DWR). 

SWP export demands are based on annual entitle- 
ment requests, assumed 40 be 3.685 MAP, with the 
monthly delivery pattern taken from a DWRSIM 
input set. 

Assumptions and Criteria 
Common to Both Studies 

The following assumptions and criteria were used 
for both PROSIM studies. 

DecGion 1485 outflow and water quality stand- 
ards met jointly by CVP and SWP. 
Coordinated Operation Agreement deter- 
mines sharing of responsibility for i~basin 
uses and use of unstored flow for export. 
Decision 1485 replacement pumping for CVP 
at Banks Pumping Plant of up to 194 TAF in 
July, AugustI and September. 
Annual Trinity River release from L,ewiston 
Dam of 340 TAF (per May 1991 decision by 
Secretary of the Interior). 
Minimum flow of 3,5004,000 cfs at navigation 
control point (Wilkins Slough) on Sacramento 
River. 

Minimum flows at Keswick of 3,250-6,OOO cfs, 
but not less than described by USBR/DFG 1960 
a-, and clarified by October 1981 letter 
from USBR to DFG. During November-March, 
a ramp-down limit of 20%permonth applies to 
releases from Keswick Dam if they are less than 
6,000 cfs. 
Minimum flows on the American River from 
SWRCB Decision 093 but higher amounts in 
October-February, based on Folsom storage. 
November-March ramp-down limit of 20% per 
month imposed on release to American River. 
March-May minimum release depends on fore- 
casted inflow and storage. June-September 
minimum is fixed in May. 

No assumption regarding management and I 
dedication of the 800,000 acre-feet under 
CVPIA. rn 
Banks pumping limited to a maximum of 7,300 I 
cfs from mid-December to mid-March This 
limitation is a monthly average used for model 
purposes only. The actual pumping rate may 
be as much as 10,600 d s  based on compliance 

I 
with the Corps of Engineem' operating-criteria 
letter. I 

Assumptions and Criteria for 
Post-NMFS Studv 

To the extent they could be addressed by a monthly 
computer model, the February 12, 1993, NMFS 
biological opinion's Reasonable and Prudent Al- 
ternative operations for protection of winter-run 
Chinook salmon were adopted for use in the post- 
NMFS study. These were: 

Minimum of 1.9 MAF Shasta storage on Sep- 
tember 30. Exceptions taken for 8 critical runoff 
years (out of 70 study years). 
Minimum Keswick flow of 3,250 cfs in October- 
March Ramp-down limits imposed for de- 
creases below 6,000 cfs. 

Reservoir storage objectives, releases, and 
water allocations are modified to help meet the 
upper Sacramento River temperature criteria 
as specified in the biological opinion. (No tem- 
perature analysis was performed on this study, 
but it was checked for reasonable conformance 
with similar studies.) 
Delta Cross Channel gates closed in February- 
April 
QWEST must be >O in February thr&gh April 
and >-rn cfs' in November-January. Delta 
export pumping reduced if fiecessary to meet 
theQWESTindex. 

1 Effect of NMPS Incidental Take criteria is not 
modeled. The 1% seasonal take limit at CVP 
and S W  export pumps has constrained opera- 
tions in both 1993 and 1994, resulting in periods 
of reduced pumping to avoid entrainment. 
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Limitations of PROSIM in 
Simulating NMFS Criteria 

Some of the NMFS criteria are expressed such that 
a translation to the monthly time steps used by the 
PROSIM model has been used to approximate 
their effect. This was done with the QWEST crite- 
ria, where the 14-day running averages required 
by the biological opinion are translated as monthly 
minimum quirements for use by PROSIM. In 
most cases this will result in underestimating the 
effect of QWEST, because meeting the 14-day av- 
erage requirement on an ongoing basis will usually 
result in a monthly average higher than the mini- 
mum requirement, especially when inflows to the 
Delta are changing. 

The upper Sacramento River temperature criteria 
are expressed as mean daily requirements in the 
NMFS biological opinion. As with the QWEST cri- 
teria, meeting temperatures on a daily basis will 
usually result in a monthly average somewhat 
lower than the requirement. A g a -  PROSIM re- 
sults may thenbe an underestimate of the amounts 
of storage and release required to meet the actual 
criteria. 

Some elements of the NMFS criteria are not mod- 
eled at al l  by PROSIM. Conditional closures of the 
Delta Cross Channel gates (for presence of winter- 
run) from October 1 to January 31 are not modeled. 
The requirement for basing CVP water allocations 
on a conservative (at least 90% probability of ex- 
ceedence) forecast is not modeled. Finally, the ef- 
fect of the NMFS criterion limiting incidental take 
to 1% of the estimated number of juvenile out-mi- 
grants is not modeled. During 1992 (under an ear- 
lier biological opinion), 1993, and 1994 CVP and 
SWP Delta exports have been limited at times to 
avoid excessive incidental take. Since no take lim- 
its are modeled by PROSIM, this may amount to a 
further underestimate of the effects of the NMFS 
criteria. 

Chapter 9 

Results 

Results of the PROSIM studies comparing the pre- 
NMFS and post-NMFS criteria are presented in 
Figures 131 through 136 and Tables 14 through 19. 
Although effects vary in magnitude depending on 

I 
hydrologic conditions, the NMFS 1993 criteria will 
result in: I 

Reduced Delta export. 1 

Inaeased flow in the lower San Joaquin River 
( Q m .  
I n a d  Delta outflow. 

Location of X2 farther downstream 

Generally higher CVP resewoir storage. 

Generally lower CVP and SWP water delivery. 
Modified streamflows, particularly in the up- 
per Sacramento River, where temperature cri- 
teria affect the timing and amounts of release. 

The major effects of the NMFS criteria are high- 
lighted in Figures 137 through 142 by presenting 
the pre-NMFS and post-NMFS results for each 
year of the 70-year studies, arranged from wettest 
to driest (according to the Sacramento River Index 
for each water year). A "difference bar" is plotted 
on Figures 137-142 to draw attention to the magni- 
tude of differences between pre-NMFS and post- 
NMFS modeled results through the range of 
hydrologic conditions represented. In many cases, 
differences caused by the NMFS criteria are most 
prominently manifested in the drier half of the 
water years. For reference, Table 20 shows the Sac- 
ramento River Index and water year type chrono- 
logically for 1922-1991. Table 21 shows the same 
information, but arranged by year type from wet- 
test to driest. 
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Conclusions 

The NMFS criteria significantly decrease 
CVP/SWP export pumping in February, 
March, and April. This effect is very prominent 
in below-nonnal, dry, and critical years. 
The increased Delta outflows and estimated 
downstream movement of X2 resulting from 
the NMFS criteria, especially in February, 
March, and April, more frequently meet the 
objectives of FWS Reasonable and Prudent Al- 
ternative l for delta smelt transport and habitat. 
This effect is most prominent in below-normal, 
dry, and critical years. 
The NMFS criteria have ChangedCVP and SWP 
operations so significantly that only recent op- 
erations (1993 and 1994) and the proposed op- 
erations (including NMFS criteria) should be 
considered in determining whether future op- 
erations could jeopardize delta smelt. 

The NMFS criteria also protect delta smelt; if 
they were accepted as sufficiently protective, 
the need for dual criteria would be avoided, in 
turn reducing potential management conflicts 
between winter-run Chinook and the delta 
smelt 

The NMFS criteria generally requireaccumula- 
tion of greater amounts of storage (for upper 
Saaamento temperature control), especially 
during below-normal, dry, and critical years. 
This would pose a potential management con- 
flict with transport and habitat flow require- 
ments if those had to be met by releases from 
upstream reservoirs. 
Because of the modeling limitations, these 
PROSIM studies underestimate the magnitude 
of the effects of the NMFS criteria Experience 
and intuition suggest that in many of the water 
years simulated, the real effects on export, 
Delta outflow, and even storage and releases 
could be significantly greater than PROSIM 
portrays. 
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Figure 134 
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Table 14 
AVERAGE CHANGE IN DELTA OUTFLOW RESULTING FROM 

NMFS CRITERIA 
Raulls of PROSIM Simulations, July 1094 

(In 1,000 AcreFeet) 

Water Number Water February 
Year of Year to April 
Type Years Febnwy Mar& April Total Total 
We1 25 - 5  79 121 310 185 
A b a v e N d  9 93 @ 201 436 376 
BekwNormal 13 105 204 137 446 446 

hy 11 174 174 46 378 394 
C W  12 228 199 44 4#) 471 
1922-1991 70 96 138 109 343 

Table 16 
AVERAGE NUMBER OF DAYS (FEBRUARY-JUNE) 

X2 IS DOWNSTREAM OF CHIPPS ISLAND 
WlTH AND WITHOUT NMFS CRITERIA 

Resub ol PROSlM Simulations. July 1W4 

Water Number 
Year of Pm- Post- 
Type Years NMFS NMFS Change 
Wet 25 143 144 t 1 
Above Normal 9 110 117 t 7 
~ e b w  Normal 13 n 78 t21 
Dry 11 32 49 t17 
crw 12 3 5 + 2 - 

Table 18 
CHANGE IN END-OF-YEAR STORAGE AT 

SHASTA FOLSOM, AND C U R  ENGLE RESERVOIRS 
RESULTING FROM NMFS CRITERIA 

Resulle of PROSlM Simulation$, July 1994 
(In 1,000 krefeot) 

Water Number 
Year of Pre Post- 
lype Years NMFS NMFS 
Wet 25 5516 5570 - 6 
Above Normal 9 4574 4530 - 44 
BebwNonnal 13 4193 4299 +lo8 
Dry 11 4019 41 52 t133 
Ctitical 12 2469 2951 +482 
1922-1991 70 4413 4528 +I15 

- 

Table 15 
AVERAGE CHANGE IN SWP AND CVP RESULTING FROM 

NMFS CRITERIA 
Rosulte of PROSIM Simulations, July 1984 

(In 1,000 AcMeet) 

Water Number 
Year of 

w* February 
Year loApril 

Type Years Feb~ary March Apnl Total Total 
Wet 25 + 2 -15  -35 -108 - 4 9  
A b a r e N d  9 -67  -80 -145 4 4 1  493 
-Normal 13 -88 -119 -247 404 4 4  
aY 11 -177 -167 -242 697 685 
CriGcd 12 -270 -190 -147 1 415  
1922-1991 70 -100 -97  -140 475 437 - 

Table 17 
AVERAGE NUMBER OF DAYS (FEBRUARY-JUNE) 

X2 IS DOWNSTREAM OF M E  CONFLUENCE 
WlTH AND WITHOUT NMFS CRITERIA 

Resub ol PROSlM Simulatlom, July 1984 

Water Number 
Year of Pre Post- 
Type Years NMFS NMFS Change 
Wet 25 150 150 - 
Above N o d  g 147 150 + 3 
Bebw N d  13 148 148 - 
Dry 11 115 128 +13 
Critical 12 30 54 +24 

i 

Table 19 
CHANGE INCOMBINED CVPISWP 

ANNUAL WATER DELIVERY 
RESULTING FROM NMFS CRITERIA 

R~wM of PROSlM Sbnuleth, July 1884 
(In 1,000 -Feet) 

Water Number 
Year of Pre Post- 
Type Years NMFS NMFS 
Wet 25 9644 96W - 40 
Above N o d  g SO1 9074 1427 
BebwNormal 13 9271 0768 303 
ay 11 9005 8313 a 1  
W 12 6786 6185 401  
1922-1991 70 8966 8592 474 - 
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Ta#e 20 
SACRAMENTO RIVER INDEX, 

1922-1991 

SmaInBnlo Saaamenb 
waw hw River water Year Rker 
Yeer lime lndeix 

1 m  AN 18.0 
1Q23 BN 132 
1924 C 5.7 
1 s  AN 16.0 
1928 D 11.8 
I S 7  W 23.8 
1928 AN 16.8 
1928 C 8.4 
1930 BNR) 13.5 
1931 C 6.1 
1932 BNR) 13.1 
1933 C 89 
1 934 C 8.6 
1 s  AN 16.6 
1936 AN 17.3 
1937 BN 13.3 
1938 W 31.8 
1939 C 82 
1940 WlAN 224 
1941 w 27.1 
1942 W 252 
1843 W 21.1 
1944 D 10.4 
1 945 BN 15.1 
1846 AN 17.6 
1947 D 10.4 
1948 AN 15.8 
1649 D 120 
1Q50 BN 14.4 
1851 W 22.8 
1652 W 28.6 
1953 W 20.1 
1954 AN 17.4 
1955 D 11.0 
1956 W 29.9 

W wol 
AN Abcrvo Normel 

- 

Year Type IndePc 

1957 BN 149 
1958 W 28.7 . 
IS59 D 120 
1960 BN 13.1 
1981 D 120 
1062 BN 15.1 
1063 W 23.0 
1964 D 10.3 
1- W 25.7 
1966 BN 12.0 
1961 W 24.1 
1968 BN 13.6 
1969 W 27.0 
1970 W 24.1 
1971 W 22.6 
1972 BN 13.4 
1973 W 20.0 
1974 W 325 
1975 AN 102 
1976 c 8.1 
IS77 C 5.1 
1878 W 23.0 
1970 D 124 
lW0 W 223 
1981 D 11.1 
1982 W 33.3 
1983 W 37.7 
1 W  W 224 
1885 D 11.0 
1986 W 25.7 
1087 C 92 
1988 C 92 
1989 BN/D 14.8 
1990 C 92 
1991 C 8.4 

Table 21 
SACRAMENTO RIVER INDEX, 19224 991, 

RANKED FROM WET TO DRY 

sauamm -b 
W Y b a r R i v e r  Water Year Rker 

BN Bebw Normd 
0 Dy 
C Crillcel 

Year Two lndex 

1883 W 37.7 
1992 W 33.3 
1874 W 325 
1938 W 3lB 
1956 W 2B.B 
1958 W 28.7 
1852 W 28.6 
1941 W 27.1 
1869 W 27.0 
1986 W 25.7 
1865 W 25.7 
1042 W 252 
1967 W 24.1 
1970 W 24.1 
1978 W 23.9 
1 W  W 23.8 
1063 W 23.0 
1951 W a.9 
1971 W 226 
1940 WlAN 224 
1884 W a.4 
1980 W a.3 
1043 W 21.1 
1053 W 20.1 
1973 W 20.0 
1975 AN 192 
1Cm AN 18.0 
1946 AN 17.6 
1QS4 AN 17.4 
1936 AN 17.3 
1028 AN 168 
1 m  AN 16.6 
1925 AN 16.0 
1848 AN 158 
1962 BN 15.1 

W wsl 
ANkvmNormd 

Year Type lndeix 

1045 BN 15.1 
1951 BN 149 
1989 BN/D 14.8 
leSO BN 14.4 
1968 BN 13.6 
1930 E M  13.5 
1972 BN 13.4 
1937 BN 13.3 
1923 BN 132 
1932 BNlD 13.1 
1960 BN 13.1 
19€6 BN 129 
1979 D 124 
1961 D 120 
1949 D 120 
1059 D 120 
1026 D 11.8 
1981 D 11.1 
1955 D 11.0 
1985 D 11.0 
1964 D 10.9 
1944 D 10.4 
1947 D 10.4 
1088 C 92 
1Q90 C 92 
1687 C 92 
1933 C 8.8 
1934 C 8.6 
1929 C 8.4 
1991 C 8.4 
1939 C 82  
1976 C 8.1 
1931 C 6.1 
1924 C 5.7 
1977 C 5.1 

BNBebwNmd 
0 w 
C Q D i a l  



CVPISWP Operation Slrnulatlons Chapter 9 

Sacramento River Index (Wetter --> Drier) 
- Dl485 ONLY --- Di485+NMFS ] 

Fiwre 137 
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Sacramento River Index (Wetter --> Drier) 
- Dl485 ONLY --- D1485+NMFS 

- ---- - - - 

CHANGE IN FEBRUARY-APRIL BANKS AND TRACY PUMPING FOR A RANGE OF WATER YEARS 
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I I 

Sacramento River Index (Wetter -> Drier) 

Sacramento River Index (Wetter --> Drier) 

I 

- Dl485 ONLY --- D1485+NMFS 

I 

I I 

Rgure 140 
CHANGE IN THE NUMBER OF DAYS X2 IS DOWNSTREAM OF M E  CONFLUENCE FOR A RANGE OF WATER YEARS 

' Figure 139 
CHANGE IN M E  NUMBER OF DAYS2 IS DOWNSTREAM OF CHIPPS ISLAND FOR A RANGE OF WATER YEARS 
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Sacramento River Index (Wetter --> Drier) 
- Dl485 ONLY --- D1485+NMFS 

I J 
Figure 141 

CHANGE IN END-OF-YEAR CARRYOVER STORAGE (CLAIR ENGLE, SHASTA, FOLSOM) FOR A RANGE OF WATER YEARS 
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37.7 27.0 23.0 20.0 16.0 13.5 12.0 10.4 8.4 

Sacramento River Index (Wetter --> Drier) 
- D14850NLY --- Dl485+NMFS I 

1 1 
Figure 142 

CHANGE IN PERCENT OF 1995-LEVEL DEMAND DELIVERED FOR A RANGE OF WATER YEARS 
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ANALYSIS OF CVP AND SWP IMPACTS 

Results of modeling studies to assess project im- 
pacts for diffemnt water year types are summa- 
rized in Chapter 9. The accompanying figures 
show the range of potential Delta hydrodynamic 
conditions and pumping levels during the mid- 
1990s with operation of existing Central V '  
Project and State Water Project facilities. Them are 
numerous uncertainties about project operations 
in the future. Important questions also remain 
about factors influencing the abundance of splittail 
and delta smelt. This discussion is an analysis of 
the best available information on project opera- 
tions and biology. Conclusions may be revised af- 
ter further evaluation 

Expected. impacts on delta smelt and Sacramento 
splittail, based on current modeling capabilities 
and assumptions, are described in this chapter. 

Tracy Pumping Plant and 
Banks Pumping Plant 

Simulated combined future exports for Tracy 
Pumping Plant and Banks Pumping Piant (Figures 
132 and 138) show that winter-run criteria will 
substantially limit exports in February-April, par- 
ticularly in dry years. Entrainment and associated 
losses of delta smelt and splittail would not occur 
if these facilities had not been constructed. Specific 
impacts for the two species are described below. 

Delta Smelt 

The magnitude and timing of losses at the W a n d  
CVP appear to result from cmplex interactions of 
several factors,'including flow, delta smelt distri- 
bution, and cohort abundance. The most likely 
mechanism for flow and distribution effects is that 
in low outflow years the delta smelt population 
shifts to upstream areas, where entrainment risks 

are greater. The impact of losses following entrain- 
ment is expected to be greater when yearclass 
strength is weak. Year-class strength appears to 
depend at least partly on the number of adult 
spawners the previous year. Rationale for this 
hypothesis is described below. 

A shift in population distribution has been estab- 
lished by Stevens et al (1990). The cause of the 
distribution shift appears to.be increased salinity 
in Suisun Bay and the western Delta during drier 
years, discussed in Chapter 5 under 'Water Qual- 
ity". 

Actual levels of entrainment and associated losses 
at the CVP and SWP Delta facilities are not known 
because information is lacking about scneening ef- 1 
ficiencies and predation rates. Without this infor- 
mation, salvage at the export facilities provides 
only an index of the relative timing and magnitude 
of entrainment and losses. 

I 
The major evidence for inaeasd losses during 
drought years is the significant relationship be- 
tween spring salvage of juvenile delta smelt at 
Skinner Fish Facility and total outflow during pe- l 
riods of peak abundance. Salvage levels appear to 
increase most dramatically when average outflow 
drops to below 10,000 cfs when juveniles are abun- 
dant (Figure 51, Chapter 5). Entrainment indices I 

also show that salvage is relatively higher in dry 
years at Tracy Fish Facility. 

The higher risk of entrainment and, presumably, 
associated losses in the interior Delta is consistent 
with DWR Particle Tracking Model studies (Chap- 
ter 5), which indicate the export pumps have a 
"zone of inf1uence"in the interior Delta from which 
a large percentage of modeled particles were en- 
trainect If the distribution of delta smelt is shifted 
into this area, entrainment losses are likely to in- 
crease. 
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Although flows in the western Delta were also 
significantly correlated with SWP salvage, partide 
tracking studies suggest reverse flows are not a 
good indicator of entrainment. Model studies 
showed particles in the interior of the Delta were 
carried to the export pumps despite high positive 
QWEST values. QWEST and actual western Delta 
flow are not equivalent, but often show similar 
trends. The association between western Delta 
flow and salvage may, therefore, be due to the 
correlation between western Wta flow and Delta 
outflow or other factors, rather than to a direct 
cause-and-effect relationship. The &tionship be- 
tween inflow and SWP salvage may be due to a 
similar reason. As evidence that outflow is a better 
indicator of entrainment and associated losses, this 
variable had a higher 9 value with salvage than 
either western Delta flow or Delta inflow. Al- 
though export levels could change the am i  af- 
fected by pumping, exports were not found to be 
correlated to salvage levels, even when drought 
years are isolated. Hence, although future exports 
will continue to be higher in wetter years when 
outflow is high, statistical evidence suggests irn- 
pacts will be lower in wetter years than in drier 
Y-. 

While outflow appears to be a major hydrologic 
variable associated with SWP entrainment and 
loss, impacts to the smelt population also depend 
on yearclass strength. If yearclass is weak, the 
relative impacts of entrainment-related losses to 
the delta smelt population are expected to be 
worse. SWP and CVP entminment indices dwel- 
oped to incorporate cohort abundance generally 
follow the same trend as the salvage/outflow rela- 
tionship. Impacts for 1979 to 1993 wen? usually 
lower in wet years and high in most drought years. 

Apparently timing and distribution of flow also 
affect salvage levels. For example, spring high sal- 
vage levels (and presumably loss rates) occurred 
in 1984, whenmajqr outflow events were confined 
primarily to the early part of the water year. 

Based on these observations, it is not surprisiig 
that no simple relationship has been found be- 
tween delta smelt abundance indices and exports. 
Direct losses may have little effect on abundance 
indices except in dry years when cohort strength is 
weak. However, no statistically rigorous relation- 
ship could be shown between salvage, which rep- 
resents the best indicator of entdnment, and delta 
smelt abundance. 

These uncertainties make it difficult to identify 
population level impacts for the simulated exports 
and outflow levels. It islikely.however, that project 
impacts will be lower than in the 19809, because 
winter run criteria result in reduced exports and 
inc- Delta outflow in the critical winter and 
early spring months. 

The evidence suggests that entrainment at export 
facilities does not have a significant effect on abun- 
dance. Unlike delta smelt, splittail do not show 
increasedentrainment in dry years. Salvage results 
indicate that loss rates at the two facilities depend 
directly on the number of splittail in the system. 
Therefore, higher entrainment is associated with 
wet years, when splittail are abundant because of 
favorable environmental conditions. 

Although them is no evidence that loss at the SWP 
and CVP affects splittail abundance, changes in 
operation could mult in changes in entminment 
rates. Operation of the project under National Ma- 
rine Fisheries Senrice criteria is expected to xesult 
in lower impacts to adult splittail than operation 
under Decision 1485 because of reduced exports 
from October to April, the months when most year 
2+ are observed. Increased loss of young-of-the- 
year might occur in May to July because of higher 
exports under NMFS. These changes are not ex- 
pected to have a net major effect on the splittajl 
population. 
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North Bay Aqueduct 

Expected future exports for the North Bay Aque- 
duct are presented in Figure 133. Specific impacts 
for the two species are described below. 

Delta Smelt 

There are no direct entrainment data on larval 
delta smelt, although tests are being planned for 
1995. Based on sampling in Barker Slough, it is safe 
to assume that larvae are entrained Effectiveness 
of the North Bay Aqueduct fish screen on smaller 
juveniles and prejuveniies is unknown. 

Prospect Island is being purchased by the Federal 
Government to be enhanced for fish and wildlife 
habitat. Prospect Island will include shallow-water 
habitat specifically designed to enhance delta 
smelt and Sacramento splittail populations. If this 
project is successful, it will result in an increased 
population of delta smelt and Sacramento splittail 
in the North Bay Aqueduct area. 

A recently created "flooded island" area at the 
junction of Cache and Shag sloughs is even closer 
than Prospect Island to the North Bay Aqueduct 
intake. Water Resources is monitoring this area, 
which may be affecting delta smelt populations 
near the intake. 

The calculated density estimates for larval delta 
smelt in Barker and Lindsey sloughs are in the 
same order of magnitude as those near the Tracy 
and Banks pumping plants and the intake to the 
Contra Costa However, the annual esti- 
mates of delta smelt larvae enbilled ate in the 
thousands for the North Bay Aqueduct and orders 
of magnitude larger for Tracy/Banks. 

Mdit-ional water from the North Bay Aqueduct 
will likely be used to augment flows in the western 
Suisun Marsh to meet Decision 1485 *ty stand- 
ards. 

Water for Suisun Marsh may be needed as early as 
September and continue through May in dry and 
critically dry ye-. DWR and USBR estimate that 
30 to 50 C ~ S  would be needed in about 1 of 15 years; 
however, water would have been needed for 
Suisun Marsh during most of the Years during the 
recent drought throu& May coincides 
with the delta smelt ~ p a d g  period during 
which a pumping re~tru:tion to protect delta smelt 
larvae was in effect during 1993 and 1994. With a 
65 cfS pumping reskktion and water needed for 
Suisun Marsh, there will not be adequate capacity 
remaining for North Bay Aqueduct water users. 
This potential conflict needs to be resolved in fu- 
ture biological opinions. 

splittail 

Egg and larval monitoring in Barker Slough indi- 
cates that relatively few splittail are entrained in 
the North Bay Aqueduct. Assessment of long-term 
impacts on splittail requires additional monitor- 
ing. 

Egg and larval monitoring for Sacramento splittail 
in Barker Slough began in 1993. Data prior to that 
did not separate splittail from other cyp-d spe- 
cies. In 1993, a total of seven splittail were caught 
in Barker and Lindsey sloughs. Data for 1994 are 
not yet available. 

There have been no splittail entrainment studies at 
the ~ o r t h  Bay Aqueduct, so entmhment can only 
be estimated. Effectiveness of the NBA fish 
at preventing a-mt of splittail juveniles and 
adults is unknown. Calculated density of larval 
splittail in Barker and Lindsey sloughs is about the 
same as for delta smelt. However, the sampling 
histov is much shorter, leaving =me question 
about and y a - t o - y a  -bofiq in the 
data 
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Contra Costa Canal Splittail 

As for delta smelt, entrainment data are limited to 
simulated future -0- for contra coMa Canal egg and larval monitoring in 1992 to 1994. These 
are presented in Figure 134. Specific impacts for indicate that ent was higher in 
delta smelt and Sacx~ment0 s p l i w  are described 1993, a wet year, tham%f the two dry 
below. Incidental take of the two S P ~ W  in contra is consistent with salvage at 
costa cad caved under September 9, and Tracy fish facilities: favorable endon- 
1993, biological opinion. mental conditions in wet y&s lead to incteased 

abundance and a proportional increase in entrain- 
ment. If the same mechanism applies to Contra 

Delta Smelt Costa Canal, the variation in export levels is not 
likely to have a net effect on splittail populations. 

Based on salvage results from Skinner and Tracy 
fish facilities, delta smelt are expected to be more 
vulnerable to Delta diversions during drought 
years, when their distribution shifts closer to the 

Suisun Marsh 
diversion. Entrainment data for Contra Costa Ca- Salinity Control Facilities 
nal are limited to egg and larval monitoring in 1992 
to 1994. 

Delta Smelt 
A transport modeling simulation for the proposed 
Los Vaqueros Project based on specific hydrology, Mo"itoring Indicates the S h u n  Marsh w v  
smelt abundance, and distribution suggests losses control Gates have had minimal adverse 
could ocw (Jones and Stokes 1992). The degree to On delta and is no that con- 
whi& d t s  wr-t the in tinued operation of the gdtes w0dd aeate addi- 
smelt abundance and distribution under actual tional 
conditions is not known. The model assumed lar- 
val and juvenile smelt to be distributd and en- The Roaring River Diversion does entrain delta 

in proportion to the net water movement s ~ ~ ~ l t ,  although addition of a fish S C A ~ ~  appears 
in Delta chMlek Larvae were to be prr- 10 have significantly reduced those impah. En- 
sent in February through June. Losses estimated by trainment is expected to continue at low levels 
the simulation are probably greater than would when delta smelt are Present in s h u n  
aCmy occur kauK peak o c m c e  of larvae However, delta smelt have become incmsingly 
may be mom than is arPurned in that m e  in the marsh since 1981, SO enhainment 

be infrequent until the population recovers. 
-Y 

analysis. 

As an example of possible d i f f m e s ,  the model 
assumed uniform density of smelt at the intake, S~lit*l 
but smelt usually show a patchy distribution. Im- 
pat*, of merit could k ova- or Mo"Uohg indicates detectable change in the 

depmdjng on &t densities at the level of adult splittail Since ~0IlStrUdi0n of the 
intake. gates. Therefom, there is no evidence that contin- 

ued operation of the gates would p a t e  additional 
impacts. 



Analysis of CVP and SWP Impacts Chapter 10 

Delta Outflow 

Average total Delta oufflow from the simulation is 
presented in Figures 131 and 136 for each water 
year type. Figures 135,139, and 140 show predicted 
average monthly position of X2 (an indicator of 
entrapment zone location). In general, increased 
outflow and downstream movement of X2 are ex- 
pected to result from the NMFS criteria, especially 
in February-April Impacts of project-related flow 
changes on direct loss are described earlier in this 
chapter. Altered flow patterns in the estuary could 
have other impacts on delta smelt and splittail, 
including changes in en trainment rates at agrinrl- 
tural or industrial diversions. 

Delta Smelt 

Upstream =nroir storage and project exports 
reduce oufflow in winter and spring, contributing 
to an incremental upstream shift in delta smelt 
distribution. However, these impacts are some- 
what mitigated by NMFS criteria, which result in 
higher outflow levels than would occur under De- 
cision 1485 alone. Also, releases from CVP and 
SWP reservoirs maintain summer and fall outflow 
higher than it would be without the projects. 

Particle tracking studies suggest entrainment by 
agricultural diversions may be high if delta smelt 
are forced to move into the interior Delta Changes 
in outflow could also move delta smelt popula- 
tions closer to or farther from the influences of 
PG&E diversions near the confluence of the Sacra- 
mento and San Joa* rivers. Changes in oufflow 
due to project operation could also alter delta smelt 
losses at agricultural diversions. The net effect of 
outflow changes on losses from entrainment 
and impingement at PG&E facilities would be 
either beneficial or detrimental, depending on the 
water year. 

Project-related changes in oufflow may also affect 
the position of the entrapment zone. Exact impacts 
to delta smelt are difficult to specify because of 
statistical limitations in the relationships devel- 
oped for delta smelt. At present, these relation- 
ships account for less than 25% of the variability in 
delta smelt abundance. The incremental value of 

specific levels of oufflow (and X2 position) cannot 
yet be accurately idmti6ed. Nonetheless, delta smelt 
abundance is generally reduced whenever X2 is 
located upstream of Chipps Island. Abundance is 
highly variable when X2 is downstream of this 
point, but inaeases in at least some of the years. 
Therefore, it appears that project-related changes 
to entrapment zone position could reduce long- 
term average delta smelt abundance. Modeling 
studies indicate that these impacts are mitigated in 
part by NMFS criteria, which generally result in 
the entrapment zone being farther downstream in 
February-A ril thanunder Decision 1485 alone. X2 
position is &lY similar for the I& of the spring 
and Summer. 

Splittail 

The significant relationship between abundance 
and outflow suggests that project-related changes 
in outflow could affect splittail recruitment. How- 
ever, there is some evidence that strong recruit- 
ment also depends onuncontrolled outflow events 
that inundate floodplain spawning and rearing 
habitat. Because diversions generally have little 
effect on the occurrence of these events, the ap- 
pearance of strong year classes may be largely 
independent of project operations. 

Similar relationships were found between abun- 
dance and X2 or specific conductance position, yet 
there is some concern that this may be due to 
covariation with other factors such as outflow or 
floodplain inundation. The range of splittail ex- 
tends far beyond the entrapment zone: from the 
tributaries of the upper Sacramento River in the 
north to the lower Tuolumne River in the south. 
Moreover, monitoring indicates that abundance of 
adult splittail has remained stable in its lower 
range, where salinity should have the greatest ef- 
fect. The major exception to this is Suisun Marsh, 
where abundance has remained relatively low 
since 1981. Moreover, abundance of young-of-the- 
year splittail appears to have decreased in this 
region during the &year drought. If X2 position is 
indeed an important factor regulating splittail re- 
cruitment, the outilow levels shown for NMFS 
operations would'have lower impacts to splittail 
than operating under Decision 1485 alone. 



Reverse Flow 
I 

I 

Results from the model PROSIM, d i n  
Figwe 136, indicate QWEST is generally positive 
in wet years, but net reverse flows are more fie+ 
went in August and September. In other water 
year types, net meme flows are frequently strong- 
est from July to September and range fram -2000 
to+U)OOcfsthexestoftheyear.Thegeneraltmd 
is that QWEST his are higher under Decision 
1485 and NMFS than under Decision 1485 alone 
during October-April In o k  months, Decision 
1485 and NMFS QWEST levels are usuaIly similar 
to or lower than under Decision 1485 alone. The 
export facilities contribute to net reverse flows that 
would not occur without SWP and CVP pumping 
in the Delta. 

Delta Smelt 

Although there has been some concern that net 
reverse flow may be detrimental to delta smelt 
(Moyle et a1 1992), no association has been found 
between QWEST and abundance indices. More- 
over, modeling studies show that particles, and 
presumably young fish, in areas west of Antioch 
are only slightly affected by net reverse flows 
(QWEST = -2000 cfs). Model results also suggest 
QWEST is a poor indicator of entrainment of 
particles at SWP, CVP, and agricultural diversions 
because entrainment occurs in the interior delta 
wen at high positive QWEST values. While these 
results should be interpreted with caution because 
smelt do not behave like neutrally-buoyant parti- 
cles, they at least indicate the major processes. 
Therefore, the QWEST levels are not expected to 
create impacts in addition to those identified for 
Delta outflow. 

Splittail 

The inverse relationship between abundance and 
the number of days of reverse flow (QWEST) dur- 
ing spawning season indicates that this factor 
could affect the splittail population. It is more 
likely, however, that the relationship is a result of 
covariation witheither outflow or floodplaininun- 
dation Moreover, no similar relationship was 
found between juvenile or adult salvage and 

QWEST. If reverse flow is, in fact, an important 
panmeter, the QWEST levels shown under NMFS 
criteria would have benefits to splittail compared 
to Decision 1485. 

Delta Cross Channel Gates 

Under the NMFS aikria, the Delta Cross Channel 
gates would be closed in February through April. 
Possible effects a~ discussed below. 

Delta Smelt 

Closing the Delta Cross Channel gates from Febru- 
ary 1 to April 30 could create a barrier to some 
adult delta smelt migrating upstream to spawn. It 
is not hown whether the Cross Channel, with the 
radial gates closed, would provide acceptable 
spawning habitat similar to a d e a d d  slough 
(Radtke 1966) or whether operation would inter- 
fere with spawning success by delaying migration. 

Operation of the Delta Cross Channel changes 
flow patterns and may result in increased or de- 
creased vulnerability of larval delta smelt to en- 
trainment by CVP, SWP, agricultural, and 
industrial diversions. Modeling studies using trac- 
ers suggest closing the Cross Channel could reduce 
entrainment and subsequent loss of larval fish 
spawned in the Sacramento River but adversely 
impact fish spawned in the lower San Joaquin 
River system. Given these conflicting results and 
uncertainties about the degree to which tracers 
simulate larvae, the overall impact of Delta Cross 
Channel operation is not hown. Impacts are likely 
related to annual distribution of spawning be- 
tween the two river systems. 

Splittail 

Closwe of the Delta Cross Qlannel in winter and 
spring could create a barrier for adult splittail on 
their spawning migration. Although operation of 
the gates could also affect entrainment rates of 
young splittail, the overall impacts may be minor 
because losses at diversions do not have a detect- 
able effect on abundance. 



chaptern 
CUMULATIVE EFFECTS 

Cumulative effects are those impacts resulting 
from fuhm State and other non-Federal actions that 
are not subject to c d t a t i o n  q u k m n t s  estab- 
lished in Section 10 of the Endangered Species Act. 
These actions may affect listed species occurring or 
reasmablycertaintooccurintheactionarea. Future 
Federal actions are subject to the consultation 
requiranents established in Section 7 of the Endan- 
gered Species Actand, thedore,a~notconsided 
cumulative to the proposedaction The cumulative 
effects mentioned below have been discussed in 
preceding chapters and are ammarhd here. 

Cumulative effects on delta smelt and splittail 
include any diversion of water that may entrain 
adults or larvae or that decrease outflows incre- 
mentally and cause a shift in the preferred habitat 
to less than optimal areas. Another component of 
decreased outflows is salt water intrusion, which 
may allow competing organisms, such as the Asian 
clam, to extend their ranges and increase their 
populations. These organisms compete with delta 
smelt for food. Numerous water diversions for 

agricultme, duckclubs, power plants, andmunicipal/ 
industrial uses upstream of the Delta, in the Delta, 
and in Suisun Bay contribute to these cumulative 
effects. 

Other cumulative effects are predation, limited food, 
disease, and parasites. Cumulative effects can also 
include chemical contamination from point and 
non-point discharges that may adversely affect 
survival rates and reproductive success. Pesti- 
cides, herbicides, and selenium have all been sug- 
gested as potential sources of delta smelt mortality. 

Although these cumulative effects operate to- 
gether with the effects of the proposed action to 
influence the status of delta smelt and spIittail, the 
relative importance of these factors to delta smelt 
and splittail abundance is not clear. Any program 
or proposal to reduce the threat of jeopardy or to 
help recover populations of the two species may 
need to address all these factors to assure effective- 
ness. 



Chapter 12 

ANALYSIS OF 1994 
REASONABLE AND PRUDENT ALTERNATIVES 

The 1994 delta smelt summer townet index of 13.0 
is near the average for the period of record and the 
highest index observed since 1980. For a dry year, 
the smelt were fairly widely distributed with speci- 
mens collected from Grizzly and Honker Bays, in 
Suisun Bay near Carquinez Strait, and in the lower 
Sacramento River. The reasonable and prudent al- 
ternatives and the take provisions, in conjunction 
with the NMFS requirements for winter-run Chi- 
nook may have contributed to better survival of lar- 
val and juvenile smelt, as evidenced by the moder- 
ate tow-net index. Whether these actions result in 
an increased adult abundance index and adequate 
adult distribution remains to be seen. 

Fish and Wildlife Service minimum criteria for 
transporting delta smelt downstream in a critical. 
water year were exceeded in 1994 due in part to a 
brief wet period in February and in part to the 
NMFS February 12,1993, biological opinion criteria 
for protection of winter-run Chinook salmon. Del- 
ta outflow exceeded 12,000 cfs for 34 days during 
February and March; the critical year requirement 
was 18 days between February 1 and June 30. The 
X2 isohaline was located downstream of Collins- 
ville on April 1, and thereafter Delta outflow ex- 
ceeded 6,800 cfs for 43 days between April 1 and 
May 19; critical year requirement was 40 days be- 

tween April 1 and June 30. However, delta smelt 
did not migrate west until June, after outflow had 
dropped to about 4,000 cfs. Therefore, while RPA 
No. 1 may have moved some smelt out of the Delta 
during the February through May period and the 
6,800 cfs flows may have been helpful in maintain- 
ing the smelt in a downstream location, monitoring 
indicates the majority of the fish migrated in June 
and were probably responding to some cue other 
than flow. This illustrates the limited extent of our 
knowledge of delta smelt biology. 

There are some questions about the potential effects 
on Delta hydrodynamics if the Delta Crass Channel 
gates are closed during the February through April 
transport period. The gates were closed from Janu- 
ary 7 to May 26 for protection of winter-run salm- 
on. Gate closure may inhibit interior Delta circula- 
tion promoting a "bathtub" effect which may have 
been one reason delta smelt did not migrate during 
the latter part of this period. This and similar ques- 
tions will be addressed during simulations using 
the DWR particle tracking model. Modeling sce- 
narios are being developed and preliminary results 
should be available in fall 1994. 
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Appendix A 
RECOMMENDATIONS FOR FUTURE STUDIES 

Possible Future Studies on Delta Smelt 

BASIC BIOLOGY 

ABUNDANCE AND D I ~ U T I O N  TRENDS 

Continue Kodiak trawl surveys to provide information about abundance 
and distribution trends. 
Perform analysis of percent of index in Suisun Bay versus outflow using 
most recent data. 
Examine abundance trends using tow-net surveys 1 and 2 as replicates. 

FACTORS AFFECTING ABUNDANCE AND DISTRIBUTION 

Outflow/Entrapment Zone 

Reexamine DFG's regression analysis to determine if outflow (cfs) is 
related to abundance. The recent wet year may make the relationship 
s i g d b n t  

Reverse Flow 

Additional transport modeling studies based on 1994 distribution. 
Analysis of the effect of possible vertical migration of smelt h e  on 
transPo* 

CVP Diversion and Entrainment 

Tracy Pumping Plant 

Examine salvage versus outflow relationship. 
Update analysis of en trainment indices using 1994 data. 
Studies to develop screen, trucking, and handling criteria. 

Delta Cross Channel/Georgiana slough 

Analyze acoustical barrier data for Georgians Slough 

SWP Diversion and Entrainment 

Banks Pumping Plant 

Update salvage versus outflow relationship using data after 1991. 
Update analysis of entrainment indices using 1994 data. 
Multiple regression for change in midwater trawl index versus salvage 
and spring outflow or X2 days in Suisun Bay. 
Studies to develop screen, trucking, and handling criteria. 



Appendix A 

PG&E Entrainment 

Summarize contents of Habitat Consemation Plan 

Agricultural Diversions 

Continue reports from ongoing studies. 

Predation and Competition 

Update abundance trends for yellowfin goby, chameleon goby, inland 
silverside, and perhaps others. 
Include Bill BemeWs most recent studies on silverside. 

Food Abundance 

Update analysis by using most recent data on food resources. 

Water Quality 

Studies to examine the hypothesis that water transparency affects 
abundance. 
Update analysis of Suisun Marsh catch of delta smelt versus average 
monthly salinity. 

ContamiMnts 

Use histology to determine if there is evidence of toxic effects. 

Disease and Parasites 

Report results of studies on Mycobacterium from UC-Davis. 

Interbreeding with W-gi 

Continue to describe occurrence in delta and possible effects on smelt. 



Recommendations for Future Studies Appendbc A 

I Possible Future Studies on Sacramento Splittail 

BASIC BIOLOGY 

Reproduction 

Determine how h d i t y  varies by size and age. 

Survival 

; Tagging studies to estimate annual survival of different age and sex 
PUPS* 

ABUNDANCE AND DI!XlUBUTION TRENDS 

Perform gill-net surveys to document the distribution and relative 
abundance of juvenile and adult splittail in Suisun Marsh, Suisun Bay, the 
Mta, and the lower Sacramento and San Joaquin rivers. 
Use gill-net data to determine if juvenile splittail reside in the Sacramento 
and San Joaquin rivers in summer. 
Use gill-net data to compare habitat use of juvenile and adult splittail 
Scale and otolith studies to examine the age composition of the splittail 
population 
Anchor tag studies to gather information on population movements. 
Use gill-net data to determine if relationships can be developed between 
adult abundance and midwater or otter trawl catch. 
Continue developing an ahnual YOY abundance index using FWS beach 
seine data. 
Examine data from DFG fyke-net electrofishhg, and creel census studies. 

FACTORS AFFECTING ABUNDANCE AND DImUTION 

Outflow/Entrapment Zone 

Use results of gill-net studies to determine importance of entrapment 
zone. 
Determine feasibility of reconfiguring Yolo and Sutter bypasses to provide 
splittail habitat. 
Use abundance data from surveys other thanmidwater trawl and tow-net 
data to examine relationship with outflow. 

Reverse Flow 

Use abundance data from surveys other thanmidwater trawl and tow-net 
data to examine relationship with reverse flow. 

CVP Diversion and Enhainment 

Tracy Pumping Plant 

Conduct studies to develop screen, trucking, and handling criteria 



Delta Cross Channel/Georgiana Slough 

Analyze acoustical barrier data for Georgians Slough. 

SWP Diversion and Entrainment 

Banks Pumping Plant - 

Update salvage versus outflow relationship using data after 1991. 
Update analysis of entrainment indices using 1994 data. 
Multiple regression of salvage levels versus outflow and exports. 
Studies to develop screen, trucking, and handling criteria. 

FG&E htrainment 

Summark contents of Habitat Conservation Plan. 

Agricultural Diversions 

Continue reports from ongoing studies. 

Predation and Competition 

Update abundance trends for yellowfin goby, chameleon goby, inland 
silverside, and perhaps others. 

Water Quality 

Determine salinity tolerance of YOY and adult splittail (UC-Davis). 
Use abundance data from surveys other than the midwater trawl to 
examine relationship with water quality. 

Contaminants 

Use histology to determine if there is evidence of toxic effects. 
Determine if there is a statistical relationship between herbicide use and 
abundance. 

Disease and Parasites 

Perform surveys to describe diseases of splittail. 

RecmtiOnalHarveSt 

Determirce extent of present fishery. 



Appendix B 
PRELIMINARY LENGTH CRITERIA USED TO 

SEPARATE YEAR CLASSES OF 
SACRAMENTO SPLITTAIL 

State Water Project I Central Valley Project 

o l  J 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
Month 

PRELIMINARY LENGTH CRITERIA USED TO SEPARATE YEAR CLASSES OF SPUnAlL 
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Suisun Marsh I 

PRELIMINARY LENGTH CRITERIA USED TO SEPARATE YEAR CLASSES OF SPUTTAlL 

SPUTTAlL LENGTH 
(-1 



SIZE RANGE MONTH I 

18 134 
6 67 

61 
75 80 YEAR 1 1 1 2 0  
80 85 11 
85 80 2 16 

Appendix B 

SPUrrAlL LENGTH FREQUENCY AT THE STATE WATER PROJECT, 
1979-1 991 



I I 
SPLKIAIL LENGTH FREQUENCY DISTRIBUTION, 1980.1990. ALL GEAR lYPES, 

DELTA OUTnOW 1 SAN FRANCISCO BAY STUDY 



STANDARD LENOTH (mu) MONTH 

MIN MAX 1 2  3 4 6 O 7 8 D l 0 1 1 1 2  
0 20 

20 25 3  3 9 1 2 1  
25 30 1  3  11 24 
30 35 12 32 3  

m A I L  Ll3NQTI-I FREQUENCY FOR THE SUISUN MARSH SURVEY 
1979-1992 

SPI 
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MONTHLY DATA GAPS 

IN THE SUISUN MARSH SURVEY 
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SCIENTIFIC NAMES OF FISH 
American eel 
American shad 

bay g d y  . 

bigscale logperch 
black bullhead 
black crappie 
blue catfish 
bluegill 
brownbulbad 
brown trout 
California halibut 
California roach 
chameleon goby 
channel catfish 
chinooksalmon 
commoncarp 
delta smelt 
~nglish sole 
fathead minnow 
golden shiner 
goldfish 
green sturgeon 
green sunfish 
hardhead 
hitch 
inland silverside 
jacksmelt 
largemouthbass 
longfixi smelt 
mosquitofish 
northern anchovy 
Pacific herring 
Pacific lamprey 
pink salmon 
plainfinmidshipman 
prickly sculpin 

AnWh mstrata 
Alosa sapidissima 

Lepidopbius kpidus 
Percina macrokpida 

Ameiuttcsmelas 
Pomoris n i g r m  

1 c t a l u m f u m  
Lepomis maaochim 
Amermerurus nebulosus 

Salmo mfta 
Paralichthys ca fifotnicus 

Hesperolewus symmeth.icus 
-tip tntngonocephalus 

lctalum punctafus 
Onmhynchus tshauyfscha 

Cyprinus carpi0 
Hyp- transpacjficlcs 

Plernont?cfes tletufus 
Pimephales p'omehs 

Notemigonus crysofeucas 
Carassius auratus 

An'pmer tneduosttis 
Lepomis cyanelfus 

Mylopharodon mcephalus 
Lavinia exilicada 
M i a  beryllina 

Athm'nopsis cali i iensis  
Micropterussafmoides 

Spirinchus thakichthys 
Gnmbusia afinis 

Engraulis mdax 
Clupea pallasii 

Larnpetra tridentata 
Ot l~~hynchuspbuscha 

Poridlthys notatus 
aspm 

pumpkin seed 

rainwater killifish 

-sunfish. 
red shiner 

riffle sculpin 
river lamprey 
Sacramento blackfish 
Sacramento perch 
Sacramento splittail 
Sacramento squawfish 
Sacramento sucker 
shinersurfperch 
silver salmon 
smallmouth bass 
speckled dace 
speckled sanddab 
splittail PC 
staghorn sculpin 
starry flounder 
steelhead trout 
striped bass 
striped mullet 
surf smelt 
h d f i n  shad 
threespine stickleback 
tui chub 

*perch 
-gi 
warmouth 
white catfish 
white crappie 
white croaker 
white sturgeon 
yellow bullhead 
yellow perch 
yellowfin goby 

~ O m i s g i b ~  
Lucania panm 

Lepomis nlimloph1~~ 
CyptineUa lutrensis 

-8J- 
Lampetra ayresii 

Orthotion  micro^ 
Ardwplites i n t m p t u s  

Pogonichtlzys - 
Ptychocheilusgrandis 

Catostmus ocddenfafis 
Cymatogaster aggregata 

onwrhynchus kisutch 
Micropterusdofinnieu 

Rhinichfhys osculus 
Citharichthys stigmaeus 

qpmichthys maaolepidotus 
Leptowttus armatus 
Platichthys stellnfus 

~ h y n c h u s m y k i s s  
Morm saxatilis 
Mugil cephalus 

H y p ~ n e ~ u s  pretiosils 
Dorosoma petenense 

Gasterosteus acuiwus 
Gila bicofor 

Hysterocarpus traski 
H y p t n n m s ~ o n e n s i s  

Lepmgul- 
Ameium catus 

Pomoxis annuliris 
Cenyonems lineatus 

Acipensm transmontanus 
h l d U T U 9  ~ f a k  

Percapazrescens 
Acanthopbius fladmnus 



COMMON ABBREVIATIONS 
I 

AND METRIC CONVERSIONS. 1 
Area 

km2 squars.kilometers; to convert to square miles, 
multiply by 0.3861 

rn2 square meters; to convert to square feet, multiply 
by 10.764 

Length 
an centimeaezs; to convert to irrhes, multlply by 03937 

length fnnn the most anterior art of a " 
Eto=edian caudal fin rays (fork in L tail) 

spedfic conductank 
pS mkosiemens; equivalent to mimmhos 

Temperature 
'C degrees Celsius; to convert to 'F, multiply by 1.8 

then add 32 depea 
'F degrees Fahrenh%it; to convert to 'C, subtract 

32 degrees then divide by 1.8 

km kilometers; to convert to miles, multiply by On139 Mathematics and Statistics 
m meters; to convert to feet, multiply by 32808 I df d e a ~ e s  of freedom 
mm millimeters; to convert to inches, multiply by 

0.W37 
SL standard length; tip of up jaw of a fish to crease 

t o r n 4  r h  tail is bent s K p l y  upward 

V 

e base of natural'logadthm 
E expected value 
log logarithm 

Volume 
AF acrefoot; equal to 43,560 cubic feet 

TL total 1- len fmm the most anterior part of a 
fish to the end o ?' the tail 

9'0 pefient 

per- 
P ~robabfitv 

N sample size 
NS notsipificant 

Flow 
ChP cubic feet per second; to convert to a-feet pet 

day multiply by 198 

8Pm call-per-te 
mgd -n*perday 

L liters; to convert to quarts, multipl b 1.05668; 
to convert to gallons, multiply by d:2&17 

MAF million aae-feet 
mL milliliters 

TAF thousadacrefeet 

Velocity 
fps festper-'='d' 
m/s meters per second; to convert to feet pet =on4 

multiply by 32808 

r correlation or regression d a e n t  (simple) 
R correlatian or r e p d o n  d d e n t  (multiple) 
SD standarddeviation 
SE standard error 
V -variance 

Mass 
kilograms; to convert to poumb, multiply by 22046 

Concentration 
mg/L -grams per fie parts per million (ppm) 

)rg/Z. mi-P?=perfiee~ua~partsper-(ppb) 

Government 
COE US. Army Corps of Engineers 
DFG Calibmia Department of Ei and Game 

DWR California Department of Water h u m s  
EPA US. Environmental Protection Agency 
FWS US.MandWildlifeSenrlce 
NMPS National Marine Fisheries Semicia 
SWRCB California State Water Resources Control Board 
USBR US. Bureau of Reclamation 
USGS U S . G e o ~ c a l S w e y  

General 
1 CPUE catchperuniteffort 
1 YOY y0"ngofheyear 


