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INTRODUCTION
, e |
The purpose of this paper is to summarize current
understanding of the factors controlling the abundance of fishery

resources and the food ehain that supports them in the

Sacramento-San Joaquinj%stuary.

This is only one élement in a series which needs to be
considered by the Bay-Delta Oversight Council (BDOC) in
formulating a plan which considers fishery resources adequately.

To place it in perspective, a logical progression of planning

elements is:

R

gy
[

Deflne the status of aquatlc resources--a report on

thlS subject accompanles this report

|1
.

I' 2. Establish objectives for resource management. An early '

‘responsibility of BDOC is to recommend such objectives.
3. Identlfy faétors controlling resources. This is the

~purpose of this report.

4. Use the kno%iedge of eontrolling factors to select and
evaluate alternatives to accomplish the objectlves

identified durlng Step 2. This and the next step will

be a subsequent assignment of BDOC.
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5. Select evset or sets of alternatives which will
accomplish the selected management objectives.

I

In considering the”factors controlling resource Ebundence,
the factors could be oetegorized in either of two waye. One
would be to examine each of the species for which subetantial
knowledge exists and deecribe the various factore coﬂtroliing its

abundance. The goal would be to provide a comprehensive

understanding of causes for changes in the abundance of the

' species.

The second way wogld be to select the physical and

biological factors thoﬁéht to be important and describe how each
factor affects variousMSpecies. For.example, one ph&sicai factor
is the diversion of water from the Sacramento River into the

" : ,‘.,..“; . }
"central Delta through the Delta Cross Channel and Georgiana

Slough. That diversion affects salmon, striped bass, Delta

.smelt, sturgeon, and shad.

The second approach was used in this paper because 1t is

‘more consistent with the fourth plannlng step i.e., the
alternatives selected durlng the fourth plannlng step deécribed
above will be comblnatlons of measures designed to affect the

4,

various physxcal and bloloqxcal factors in a desxred way, e.g.,

limiting diversions of water through the Delta Cross Channel and

Georgiana Slough.

|
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These descriptions of consequences will provide a basis for
judging generally how a set of measures will affect a‘given
species, thus providing the initial basis for selecting sets of

measures in Element 4. During that evaluation, the overall

benefit of all measures included in the alternative would be

estimated for each species and the measures would be modified as

R

appropriate to attain objectives.

The comprehensive program initiated by the Govefnor focuses
on water management ac%ions necessary to satisfy various needs.
Certain factors controlling fishery resources are related
directly to those watezrmanagement measures and are so identified

in this paper. Some of these directly related factors suggest a
need for water prOJect operatlng criteria while others suggest a
need for changes in the design of water delivery facilities.

Bboc also needs €6 consider other controlling factofs in its
'planning process to identify measures desirable to complement
water management measures and be confident that some non water

‘‘‘‘‘

management factors w111 not prevent realization of expected

benefits»from water management.

This paper makes a case for certain factors related to water

prOJects being the prlncipal factors currently controlllng the

abundance of speciflc fisheries. Certainly, those are not the

~only controlling factors, and the paper goes on to provide a

B—000347
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perspective on the relative roles of various factors other than

water project construction and operation.

;_’ |-

Lo e uu)

As a flnal 1ntroductory p01nt we must accept the challenge

of selectlng management measures desplte uncertalntles as to

thelr blologlcal consequences. The estuary is s1mply too W
compllcated and our understanding of it too limited to permit

precise estimates of consequences. Furthermore, the estuary is

constantly changlng, so a relatlonshlp observed in the past may
not be a good predlctor of the future, and many management

decisions pertaln to conditions outside the limits’ of those

‘observed. For example, we have never observed the consequences

‘of diverting water from the estuary at the higher rates proposed

!

for the future. leen those uncertalntles, we need to use

existing experlence to select and implement measures appearlng to

have the hlghest probablllty of attaining objectlves, evaluate
&-m

the consequences and then adjust management actlons as necessary

to attain the objectlves.

LARRINIIS
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_FKCTORS REihTED TO CONETRUCTION AND OPERATION OF WATER PROJECTS
Delta Inflow
The magnltude of flow comlng down the rivers into the
Estuary affects blologlcal resources both in the rivers above the

Estuary and in the Estuary. The principal identified effects

within the Estuary are:

1. Strlped bass eggs and larvae drifting down’the
Sacramento Rlver are more likely to surv1ve if flow
;rates suff1c1ent to transport larvae to the Delta occur
when the larvae are old enough to start eatlng.‘
Limited evidence of poor survival of these early stages
during low g}ows led the Department of Fist and Game
(DFG) to pré%ose a minimum flow of 13,000;cfs at
Sacramento qtring the spring.

2.  Various min?pum flows for Chinook salmon in the
Sacramento River system have been identified te protect
tsalmoh in tie upstream spawning and reariﬁg areas.

. Whlle many blologlsts believe that flows in the Delta
| portlon of the Sacramento River are also 1mportant to
“the survival of outmigratlng salmon, a statlstlcal

model of salmon survival prepared by the U S. Flsh and

" Wildlife Service (US%WS) identified water temperature

B—0003409
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.controlling factors in the Sacramento Rlver.

!

and diversion rather than flow as the pr1nc1pal

-

j

LTl RwE

In D-1485 the State Water Resources Control Board
(SWRCB) 1ncluded minimum flows at Rio Vlst; foréthe
protectlon of salmon based on the 1ntu1t1ve judgment of
DFG blologlsts. USFWS, DFG and the Natlonal Marlne

Flsherles Serv1ce (NMFS) supported a stronger ver51on

of those flows in the recent Bay-Delta hearlngs. (Most
(

,l‘ .

ev1dence on salmon needs in the Estuary is based on
observatlons of the largest run 1e. the fall run.
)

Needs of other runs may differ, warrantlng caution in

making management decision based on current

understandlng.)
Strong stat1st1ca1 relatlonshlps exist for the Tuolumne
and Stanlslaus rivers between flow in the sprlng and
returning runs of adult salmon 2- 1/2 years later. For
the Tuolumne Rlver, the relatlon dates back to

. estimates of spawnlng runs made in the late 1930s.

‘higher spring flows has held up to the present, it
_appears that the magnltude of the returnlng run for any
glven sprlng flow has diminlshed over the years. That
indicates that habltat quallty still 1mproves with

1ncreaslng rlver flow, but factors other than flow now

B—000350
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prevent runsffrom attaining historic levels. It seems
likely that flow improves habitat quality hoth in and
ﬂpStream froﬁithe Delta, but the relative importance of
habitat quallty in these two regions has not been
quantlfled.: USFWS, NMFS and DFG have advocated minimum
flows in the“San Joaquin River at Vernalis during the
sprlng outmlgratlon based on evidence that;such flows

would 1mprove salmon surv1va1 in the Delta, but the

benefit can not be gquantified precisely.

.The number of young Amerlcan shad mlgratlng seaward

through the Estuary in the fall is strongly and

.p051t1ve1y related to the magnitude of flow in the

prev1ous sprlng. This likely indicates that 1ncrea51ng

flow 1mproves condltlons in the rivers and upper

Estuary for shad survival in the spring and summer.

I y -

lﬁThe best yéar classes of white sturgeon tend to be

f

produced 1n years when Sacramento River flows are high

in the late w1nter and spring.

B—00035 1
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Diversioﬁs from the Sacramento River

i :
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B

Some of the water flow1ng down the Sacramento Rlver is

dlverted by grav1ty 1nto the lower San Joaquin River through

three channels, Georglana Slough Three Mile Slough, and the

Delta Cross Channel. Some fish follow the water both durlng

lthelr downstream and upstream migrations.

J :
i . :.l"

It is generally accepted that diversion of young fish from

. the Sacramento River decreases their survival, both by maklng

them more VUlnerable t; direct and indirect effects of'SWﬁ\CVP

adverse condltlons, such as elevated water temperatures, more

P
'y

i

|

predators and more agrlcultural dlverSLOns.

| . L foo
‘o N . . AEL " . e R } .
The principal quantitative evidence of such decreased
survival is for salmoﬁ'outmigrants. In April, May,‘and June,
| young hatchery reared salmon mlgratlng downstream 1n the

Sacramento River below Walnut Grove survive at about twice the

rate of those dlverted through the Cross Channel or Georglana

Slough. Since 2 percent or fewer of the salmon in the Sacramento

LI L

- River show up at the SWP/CVP flsh screens in the south Delta most
~of thls 1ncreased mortallty must occur in the Delta channels.~'
Thus for salmon mlgration durlng the spring, dlrect loss at the

SWP/CVP 1ntakes is less than the indirect mortallty resultlng

dlver51ons in the southern Delta and exp051ng then to other - |l

B—00035 2
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from diversion out of the Sacramento River. Survival of salmon

i

migrating earlier has not been evaluated.

Some upstream salmon migrants have always used the lower San
Joaquin River-Mokelumné‘River—Georgiana Slough route on their way

to the Sacramento systen spawning grounds, and there is some

indication that the proportion doing so increases in proportlon
to the amount of Sacra;ento River water following that route.
This is believed to cause no harm so long as the channels are not
blocked, including the%present normal operating modleor closing

the Delta Cross Channel.

Young of several?other species, including strined bass,

American shad, and Delta smelt, are also diverted from the

Sacramento River durlng their downstream migration and are likely

adversely affected. ﬁowever, effects on their survival have

never been measured as ‘they have for salmon. One 1nd1catlon of

such effects is the annual occurrence of hundreds of thousands to
- several million Amerlcan shad, most of which come from the

Sacramento systen, in 'SWP/CVP salvage operations at fish screens

in the South Delta.

The effect of diversion through Three Mile Slough has not
been directly evaluated for fish; however, studies‘by the Contra
Costa Water Districthsuggest Three Mile Slough is a major

transport route to the interior delta for ocean salts that enter

B—000353
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f
the lower end of the Sacramento River during low flow perlods.
If that is true, Three Kile Slough would also serve as a major
conduit for fish, particularly eggs and larvae transported by
currents, to move from‘the Sacramento River to the 1nterior
Delta. Also, studies indicate young salmon may be diverted
through Three Mile Slough (See discussion on next section)

i
i

Reverse Flows

+
The natural flow pattern in the Estuary is for freshwater

flowing to the ocean to cause the average total flow during ebb
(outgoing) tides to exceed the total flow during flood (incoming)

tides. The SWP\CVP pumps in the southwestern Delta draw water

causes the totaluupstféam flow during flood tide tojexceéd the
total downstream flow during ebb tide. That is calfed rewerse
flow. Note that it 1s actually a tidally averaged net reverse
flow. l.e. The tide still causes the flow to go back and forth
upstream. Near the uﬁstream limits of tidal action, freshwater
flow is large in relation to tidal flow, so the difference
between ebb and flood tide flows is easily measurable. As one
moves downstream tidal flow becomes several orders of magnitude
greater than net flow. For example at Chipps Island net flow is
on the order of only 2% of tidal flow at typical summer minimums,

‘and it has hever been possihle to measure flow precisely enough

10

towards the pumps. At ‘certain times and locations their draw ]I
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to ascertain net flows. In such cases estimates of net flow are

derived from mathematical models.

The potential significance of reverse flow is that it tends

to move fish and their;%ood supply towards the exporf pumpé

 rather than towards the ocean. One would expect this effect to

be most significént where net flows are relatively large in
reiation to tidal flowf}such as in 01d and Middle rivers near the
pumps. In fact it is questionable whether effects of modest
reverse fléws are sigﬁ%fiéantly more detrimental than small
positive flows to fish in areas such as the lower San Joaquin
River, whe%e net flows‘are so small in relation to tidal flow
that net fiows can’t ﬁé measured by the best scientific
instruments. While that is a legitimate question, some animals

have characteristics which may override such logic. For example,

opossum shrimp, a major animal in the food chain, move farther
‘‘‘‘‘ Since

velocities near the bgttom are less than those at mid-depth, the

shrimp’s migration pattern subjects them to being transported by
flow more on flood tide than ebb tide. The sensoryjmechanism
they uselﬁo do this is unknown, but it seems to be an obvious
adéptive étrategy to ﬁaintain their location in an estuary with
predominance of down#tream flow. It would make them more
vulnerable to upstregm transport than suggested by the relative
magnitude.of net flo;s and tidal flows. We do not know whether

any other species, including fish, behave similarly.

11
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below Mossdale.

Net flow reversals;occur essentially all the time now in 01d

and Middle rlvers, about one ‘half to three-fourths of’the tlme in

the lower San Joaquin River in many years, and frequently in the

San Joaquin River from Middle River to the head of 0ld River

s “

The specific effecﬁs of reverse flow are confounded vith
other factors, particuiarly the magnitude of exportsi Itrhas not
been possible to distinguish relative’increases in mortality
caused by reverse flows transportinq fish fo less favorabie
habitats from increases caused by losses in the SWP/CVP water
diversions, which are discussed in the next section. An example
‘of the combined effecﬁ”is that the proportion of young striped
bass occurring in the ﬁelta has been about 20 percent less for

any given amount of Delta outflow since 1970 than 1t was prlor to

1‘
{

1970.

Both the mortallty attributed to the ecologlcal consequences
of reverse flow and l6sses in the water diversions are caused by
the magnitude of water diversions. Judgements as to the'relative
significance of the two sources of mortality are iméortant
because w;ter project(alternatives studied in the‘past have
intrinsically different effects on the two sources.J Forqexample,
the various through Delta alternatives and a Peripheral Canal
might cause similar cnanges‘in reverse flow but have very

different effects on the vulnerability of fish to the diversions.

i

12

B—000356

--r—_-r-u-‘.‘-n-'u

B-000356



M Em em W ey o g

‘Salmon émolts must use factors other than net velocity to

help guide them through the Estuary, as their migration rate is

considerably faster than the het‘velocity. Nevertheless, reverse

flows may impede migration and have been investigated as a cause

Sonme qua%%itative support for adverse effects is
In

of mortalitf.
provided from outmigrant studies in the San Joaquin River.

two experiments in 1989‘and 1990 survival of salmon was 9 and

75 percent éreater when ‘flows were positive than when negative.

Those results, in combination with releases made in 1991,

produced a'positive relétithhip between net flow and survival.

There is also a p051t1ve correlation between survival of salmon

released at Ryde on the Sacramento River and reverse flow on the

lower San Joaquln Rlver. That correlation suggests that reverse

flow adversely affects salmon migrations through Three Mile

Slough. Néither studiﬁis definitive due to variability in

results and the small number of observations.
Losses in Water Project Diversions

Most evaluations”of the factors affecting salmon survival in

the Delta pertain to smolts migrating in the spring.
Particularly in wet féars a portion of both the fall- and winter-

run enters the DeltaA;s fry and rear there until they smolt and

migrate to the ocean. Marked hétchery reared fry released in the

Delta generally survive better than those released in the

Sacramento River upstream from the Delta. That is the reverse of

‘ |

13
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experiencestith smolts. We do not know what role reverse flows

or other factors play in'determining the survival rate of fry

rearing in the Delta.

it

The cvﬁ exports water at rates up to about 4,600 cfs through
their Tracy Pumping Plant and 250 cfs into COntra Costa canal.
The SWP exports water at rates up to about 6 400 cfs through

their Banks Pumping Plant and 150 cfs into North Bay Aqueduct.

- The capacity of the Banks Pumping Plant has recentlyjbeen

increased to 10,300 cfé} but the Corps Public Noticetlimits
average daiiy exports to the original capacity, except for some
increase when San Joaquin River flows are high during the winter.
Instantaneous export r;tes, however, can be as large as 10,300
cfs. DWR is preparing ‘an EIR\EIS for the Interim South Delta
Program seehing authority tovincrease average exporté, and

negotiations on mitigi%ion measures are ongoing. Inigeneral, the

CVP diversions are Opé%ated much nearer to capacity than SWP

diversions.

Intakes to the Banks and Tracy pumping plants have louver
‘fish screens of somewhat different design. The screens ére '
ineffective for 1arva1 fish, which has important adverse ‘effects
on some species, but are on the order of 90% effective for fish
~several inches long. Tn addition to fish lost through the

screens, fish die in Ehe diversion system due to predation and

- stresses associated with the handling and trucking required to

14
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release them into the Western Delta. Losses vary markedly for

|

different spe01es and 51zes of fish, operating conditions and

water temperatures.

A particularly sfanificant issue concerns mortality in
Clifton Court Forebay at the intake to Banks Pumping Plant. For

example, approximatelywhalf to 95% of young hatcherf—reared

.~ salmon released at the intake to the Forebay disappear before

reaching the fish screens. The principal cause of thlS
disappearance is probably predatlon by striped bass that has been
enhanced by the Forebay design and operation. Studies are

underway to define the problem better and to reduce losses. A

'major program is being planned for 1994 to remove strlped bass

from the Forebay and return them to the Estuary.
While certain improvements in the present screening system

_ = ‘ |
can and are being made, diversions from the south Delta present
- two inevitable probleﬁs. First, no flow can bypass‘the intake.

1

Thus all flsh must be captured and transported to another

location for release.j Substant1a1 losses are inevitable 'in the

process, especially for species or life stages which are easily

stressed.

The more fundamental problem is that water is belng
withdrawn from a large "pool", a1be1t one which is sloshing back

and forth with the trde, which is a major nursery for some fish

15
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and a perméhent residence for others. The draw of water to the

1’

“pool n

All fish species in the pool are not equally vulnerable to
being drawn to the diversion. Seaward migrants, such as salmon
and American shad, which follow the downstream flowjof water and
open water species, s&ch as striped bass, delta‘smeft, lcngfin

i
smelt, and splittail are particularly vulnerable. épeciés such

as largemouth bass ana tule perch, which reside near the shore

!

- where velocities are lower, are much less vulnerable.

l

' impact on 1ndiv1dua1 speCies, the vulnerability of certain

species varies with the magnitude of freshwater flow through the
estuary. For example, when flows are high young striped bass are
carried quickly into Suisun Bay, so the population cf bass is
much less vulnerable than when flows are low. |
This interactionmhetween flow and diversion effects makes it
difficult to determine the actual controlling mechanisms. ‘Most
biologists agree that increasing flow both 1mproves habitat
vquality for striped bass in the Suisun Bay nursery area and
diminishes vulnerability of bass to diversions, but the relative

importance of the two ‘cannot be distinguished precisely. Thus

.16
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considerable uncertainty exists as to minimum outflow needs even

in the absence of diversions from the present location.

The remainder of this section will describe effects of

losses in the SWP\CVP diversions for a few species.

Striped bass from egg stage through the first year of life
and beyond are lostAin'diversions. Historical annual loss
estimates of bass longer than 20 mm for the combined SWP\CVP
diversions range from less than 1 million in two very wet years
when exports were low and most bass were farther downstream to
more than 113 million in 1974 when striped bass were more
abundant than now and average combined SWP\CVP diversions
exceeded 9,800 cfs for June through August. Estimated annual
losses of smaller basé and eggs have ranged up to about 793
million since they were first measured in 1985. To provide some
perspective on potential impacts on the bass population, DFG
biologists estimated Fhat losses of bass entrained by the SWP\CVP
reduced the population before the 20 mm stage by more than 70% in
three dry years and 32 percent in a wet year. DFG analyses also
indicate that losses in SWP\CVP diversions throughout the first
year of life are largely responsible for the adult population
déclining from about 1.7 million fish in 1970 to only about

700,000 fish in 1991. While fhere is not a consensus on the
specifics of the DFG analyses among biologists, no biologist

testifying during the recent Bay-Delta hearings before the State

17
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Water Resources COnt:oléboard challenged a conclusion that

SWP/CVP diversions have harmed bass significantly.

Losses of chinook salmon at SWP\CVP diversions in the south
Delta have usually beeﬁébetween 400,000 and 800,000 in recent
years, assuming an estimated mortality of 75% in Clifton Court
Forebay. Estimates of the number of salmon migrating through the
belta are approximately 20 to 50 million. These losses are
equivalent to a loss of 6,000 to 12,000 salmon in the fishery.
Which is a small fraction of the total catch. The proportion of
salmon from the San Joaquin system lost at SWP/CVP intakes is
greater than the proportion of salmon lost from the Sacramento
system but the proportion has not been quantified well. About 2
" percent of the spring‘outmigrants from the Sacramento River show
up at the intakes, while on occasions 20 to 70 percent of the San

Joaquin outmigrants show up at the intakes.

ﬂossés at the SWP/CVP diversions have been estimated only
fﬁr striped bass and salmon,'but the total number of fish
captured at the screens is estimated for all species. The
capture estimates for two other species are worth mentioning here

to illustrate differences in the character of effects.

-First, from 1968 through 1985, the number of American shad
captured annually at the two facilities ranged from about 430,000

to 4.5 million. As contrasted to salmon, most shad must come

18
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from the Sacramento system as few shad spawn in the San Joaquin.
Also, the percentage lost at the screens is greater,'because shad
are difficult to handlé: Observations indicate that about 70
percent of the shad die in the handling process subsequent to

their being "saved" by the screens_while comparable losses of

salmon are on the order of 5 percent.

Secondly, Delta smelt is another species which is wvulnerable
to being drawn to the export pumps. Typically, the largest
numbers are captured in May, dune, and July during and shortly

after spawning. In some years, the pattern of Delta smelt

occurrence deviates from this "norm". For example, during 1977
Virtually'no pdmping occurred from May through November due to a
drought. Pumping commenced in December when large storms broke
the drought and the numbers of smelt captured increased rapidly.
In fact, in January 1978, 134,000 Delta smelt were captured at
the SWP screens. That almost equaled the number captured in all
of 1977 and exceeds the annual total for all subsequent years.
In effect 1977 was an unintended experiment in curtailing
diversions much more_than has ever been considered practical from
a regulatory standpoint. It appeared to increase survival of
smelt and several other fishes in the Delta temporarily, only to
destroy the fish when pumping resumed. It provides dramatic
evidence of the virtual impossibility of protecting those

resident fish species which are easily transported by flow by
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seasonally curtailing diversions with the present physical

configuration of the water delivery system.

o

Another consideration concerning delta smelt is very few
survive capture and transport even under the best of conditions.

Hence their survival during normal screening operations is likely

even less than that obgerved for shad.

Temperature

Water temperature has a Strong influence on the lives of all
-fish and their food supply. The normal seasonal cycle has

important influences on life processes such as growth and the

timing of spawning.

The'principal identified temperature requirement in the
Estuary is for cool temperatures to maintein salmon survival in
the spring. Correlation analyses provide evidence that survival
of young salmon decreases proportionately as temperature
increases above 60° F. Since 1abora£ory experiments indicate
temperature is not lethal to salmon until temperatures reach 72°
or 73° F, the observeé relationship is probably due to some

indirect effect. Increased activityvby predators as temperature

increesesdis one such possibility.
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While this temperature need is included in this section
describing factors of direct concern to BDOC, it might be more
appropriate to include if in the next section on indirect
concerns. Water operations definitely exert a major control over

water temperature in upstream areas, but the Delta is so far from

reservoirs that water temperature has largely come into

equilibrium with air temperature. Analyses indicate that it is

‘not feasible to influence water temperature in the Delta by

manipulating reservoir releases in most, if not all, cases.

Delta Outflow

Outflow vs. Salinity Controversy

Delta outflow is fhe amount of water flowing past Chipps
Island, at the western edge of the Delta, into San Francisco Bay.
The magnitude of Delta outflow largely controls the intrusion of
salt water from the ocean into the Estuary. Hence, Delta outflow

and salinity intrusion are highly correlated.

Historically, the Department of Fish and Game and the

U.S. Fish and Wildlife Service have described fishery protection

measures for the western Estuary in terms of Delta outflow.

Recently, a group of scientists convened by the Environmental

Protection Agency proposed salinity standards be used in

conjunction with and in preference to flow standards. Arquments
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for salinity center around its ecological importance and the fact
that it can be measured accurately. While outflow is also of
direct eéologicai significance, it can only be estimated. The
estimates are subject to significant short-term errors associated
with factors such as barometric pressure and wind, which either
retard or accelerate the‘floﬁ of water out of the Delta. Such
errors, however, have littie management significance, because
management objectives are based on averages over 2 or more weeks,

and the factors causing short-term errors in outflow estimates

average out over several weeks.

For p;actical purposes, the analysis of needs and statement
of management objecti§és will reach the same conclusion whether
based on outflow or saiinity. I believe the evidence indicates
that the biologiéal phénomena of primary interest are driven by
flow rather than salinity. Hence this paper describes needs in

terms of flow, except for a striped bass spawning need which is

clearly driven by salinity.

A consideration of regulatory interest is that salinity
standards may be more enforceable by the Environmental Protection
Agency under the Federal Clean Water Act than flow standards.

That controversy, however, is beyond the scope of this paper.
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Physics of Outflow

Freshwater flowing‘out of the Estuary tends to override salt
water transported into the Estuary from the ocean by tidal
action. This phenomenon results in a surface current of fresh
water flowing towards the ocean, and a bottom salty current
flowing inland on a tidally»averaged basis. In many estuaries
this results in a sharp vertical gradient between fresh and salt
water. In the Sacramento-San Joaquin Estuary, however, tidal
mixing forces are relatively large so the vertical gradient is
relatively small except during very high outflows. 1In fact, the
gradient almost disapﬁears at low flow. It is still great

enough, however, to have considerable ecological significance.

One consequence is that near the upper end.of the salinity
gradient suspended particles carried downstream by freshwater
settle towards the bottom and get transported upstream by the
flow along the bottom. This phenomenon affects both nonliving
particles and small living organisms, such as phytoplankton,
zooplankton and fish larvae. The net effect is an accumulation
of suspended particles near the upper end of the salinity

gradient, and hence the name entrapment zone for that segment of

estuaries.

The entrapment zone tends to be an important fish nursery

area in all estuaries due to the accumulation of biological
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material produced upstream. In addition in our Estuary,
production in the entrapment zone ténds to increase at moderate
outflows. Increased pfoduction probably occurs because increased
flows both strengthen the entrapment process and cause the zone
to be located adjacent to shallow embayments in Suisun Bay.

Better access to light causes phytoplankton production in the

shallow embayments to be greater than in the deeper channels.

Bay Fishes and Invertebrates

The magnitude of Delta outflow strongly influences the
distribution of almost all estuarine fishes and invertebrates.

Generally, the greater the outflow the farther downstream fish

and invertebrates occur.

Relationships between the magnitude of outflow and fhe
overall abundance of fish and invertebrates are not nearly as
general. 1In faét theré is no obvious relationship between
outflow and overall abundance for most fish and invertebrates.

For several important species, however, strong positive

relationships exist.

These .relationships probably reflect one of two hydrodynamic
processes. One process is the upstream transport, by bottom
current, of young fish and invertebrates from spawning grounds in

the Pacific Ocean or San Francisco Bay to nursery areas farther

24

B—0003638

----—'-’--'--- '

B-000368



upstream. The strengthening of the bottom current by increasing

outflow is probably responsible for starry flounder and a species

of bay shrimp (Crangon franciscorum) being much more abundant

when flows are high than when they are low.

The second process is the downstream transport of young by

freshwater flow. The prime example is longfin smelt. They spawn

in the Delta and their young are transported downstream to

nursery areas mostly in Suisun and San Pablo bays. High flows

increase their survival probably by a combination of spreading

them over a larger area of the estuary and increasing their food

supply as discussed in the previous section. No similar

relationship has been identified for Delta smelt.

Longfin smelt, bay shrimp and starry flounder spawn in the
" winter and early spring and their abundance is positively related

to outflow during the same period. In each case, the

relationship exhibits substantial variability so benefits would

be obvious only for fairly large incremental differences in

outflow.

Commercial and éngler records, however, indicate long-term

declines in shrimp and starry flounder abundance. Also, during

the recent drought longfin smelt have become so scarce that they
have been proposed for listing as an endangered species and no

young flounder were captured during DFG’s 1992 survey. Thus it
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is probable that, due to reduced outflow during the winter and
spring, the storage and diversion of water is the principal cause

of long-term declines in these three species.

Striped bass.-

Measurements dating back to 1959 indicate that young striped

bass survival increases in proportion to Delta outflow during

April through July. There is also evidence that Delta outflow

continues to influence bass survival through December.

The DFG has prepared a statistical model which indicates
that the survival of striped bass during their first year depends
on the magnitudes of Delta outflow and state and federal exports,

and that these first year conditions determine subsequent

abundance of adults. While no consensus exists as to the model’s

validity, no biologists testifying in the recent Bay-Delta
hearings challenged the contention that the combined effects of

Delta outflow and exports are major factors controlling bass

abundance.

It is likely that increasing Delta outflows improve young
bass survival by spreéaing them over a larger nursery area and
improving their food supply, as well as by reducing their

exposure to CVP\SWP ekport pumps.
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than net flow would transport them.

Chinook saimon =-

Three years of sampling for salmon at the Golden Gate,

indicates salmon smolts migrate through the lower estuary faster

In those three years, their

survival rate in that reach was not related to the magnitude of

Delta outflow.

SALINITY

The only fishery regulatory standard now in place which

reflects a need clearly dependent on salinity is striped bass

spawning objective in the San Joaquin River. Bass spawn in the

freshest reach of the river. Typically, that reach is between

the upper limit of ocean derived salinity near Antioch and

increase salinities near Stockton resulting from land derived
salts entering the Delta from the San Joaquin River. This reach
of very freshwater is created by Sacramento River water flowing

into the central Delta through the connecting channels as

described earlier.

Bass generally spawn where salinity, expressed as electrical

conductivity (EC), is less than 300 microsiemens and do not

continue mitigating up the San Joaquin River past ECs greater

than 550.
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There is an ongoing debate about this salinity need frdm two
perspectives. First, the DFG ﬁas sought to maintain appropriate
‘ salinities only from Antioch to a few miles below Stockton. The

U.S. Environmental Protection Agency (EPA) and the USFWS have
recently advocated extending the protection to Vernalis on the
San Joaquin River which woui& require additional releases of
water. It is uncertain}whether the larger spawning area would
increase production sufficiently to offset probable increased
losses in CVP/SWP expdrt pumps resulting from bass eggs spawned

in the San Joaquin River above the Delta being more vulnerable to

diversion through upper 01d River.

Secondly, in some very dry years, many bass have spawned at
higher salinities, but it isn’t known whether they would abandon

the‘spawning reach if salinities were consistently higher than

the present standards.

A general expectation waé that mofe saline conditions in San
Francisco Bay would result in substantial increases in marine
fishes and invertebrates in the Bay. That, however, generally
has not been the case; Overall, during the drought, the
abundance of fish decreased in all embayments except in South Bay
and abundance decreased for more fish species than it increased.
of all embayments, Sén Pahlo and Suisun bays were the most

heavily impacted by the drought in terms of increases in salinity
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and decreases in the number of species of fish and fish

abundance.

An exception was the gradual increase in the abundance of a
more salt tolerant shriﬁp, Crangon nigricauda, in San Francisco
Bay during the drought. While it became more abundant than the
normally dominant bay éhrimp, the total biomass of shrimp

declined because C. nigricauda is smaller than bay shrimp.

Another interesting aspect of the change is C. nigricauda
doesn’t invade the Bay in large numbers in single drought years.

Rather it seems to respond over several years to stable saline

conditions. Thus, this species apparently is not well adapted to
the dramatic salinity fluctuations which are typical of

estuaries.

FACTORS UNRELATED TO WATER PROJECTS

Introduced Species

' Introductions Prior to 1950

In the century between 1850 and 1950 humans introduced many

fish and invertebrate species into the Estuary. Some
introductions were a ‘deliberate attempt to diversify the fish

fauna. The native freshwater fish fauna was much less diverse in
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California than in the eastern United States. Hence a coricerted
éffort was made to transfer freshwater and anadromous game fish
from the East to Calif;fnia in the last half of the 19th century.
" Many invertebrates weré also introduced, largely incidental to

various commercial activities such as culturing oysters.

By 1950, the aquatic reséurces had changed dramatically.
For fish the change w;; most dramatic in freshwater. For
example, 17 of the 30';pecies salvaged at the SWP fish screens in
1980 were introduced é%ecies, with 13 having been introduéed
prior to 1950. In 1991, 7 of the 10 most abundant fish éalvaged
at the SWP screens were introduced. In contrast, only 5 of the
64 most common specieé“collected from San Francisco Bay upstream
through Suisun Bay dufing the 1980s were introduced priof to
1950. Thus the shift.from native to introduced fish is much

greatér in the freshwater portion of the Estuary than in the salt

and brackish water portion.

The sport catch of introduced species~-striped bass, white
catfish, largemouth bass, etc,--in the Estuary far exceeds the

catch of native species.

These .introductions must have affected the abundance of
native fishes but little historical information exists on the
abundance of native fﬁshes. The most certain consequence

probably was the elimination of Sacramento perch from the
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Estuary. The perch is a "primitive" member of the bass family

and probably could not compete with the several members of the

family introduced from the East.

Introductions Since 1950

The frequency of deliberate introductions has slowed since
1950, but accidental introductions probably have not decreased.

The major source of accidental introductions has apparently been

the exchange of ballast water by ships.

Amoné fishes, threadfin shad, introduced deliberately as a
fofage fish in the ea?iy 1960s; inland silversides, introduced
illegally apparently in an attempt to control gnats in Clear
Lake; yeliowfih goby Ahd chameleon goby have been the principal

‘new species. The gobies apparently came from the Orient in ship

ballast water.

The changes in invertebrate populations have been more
dramatic than those for fish since 1950. Several new species of
zooplankton have dramatically changed species composition in the

prackish and freshwater portions of the Estuary. A clam,

Potamocorbula amurensis, introduced in 1986 has dominated benthic

populations, particularly in Suisun Bay and a newly introduced

amphipod, Gammarus dajberji, has become a major food of young

striped bass.
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The ecological significance of these changes is uncertain.
The most widely acceptéd evidence of a major consequence is the
virtual disappearance during the summer and fall of the dominant
native copepod, Eurytemora affinis, near the upper end of the
salinity gfadient. An oriental copepod, Pseudodiaptomus forbesi,
largely reﬁlaced Eurytemora in the late 1980s. Eurytemora
populations declined sﬁarply during 1988 apparently in re;ponse

to predatién by the more recently introduced Potamocorbula.

The observations related to Eurytemora illustrate both the
approach biologists use in making judgements about the
consequences of species introductions and the uncertainties about
the ultimate ecologiqal effects. Eurytemora populations fell
after Potamocorbula became abundant in Suisun Bay. Laboratory
evidence indicates Potamocorbula can eat Eurytemora. Those
observations support éhe hypothesis for the causes in

Eurytemora’s decline, but the consequences for fish are

uncertain.

Eurytemora had 5éen the prinéipal initial food for':triped
bass larvae neaf the épper end of the salinity gradient.' Much
work has been done to try to determine whether food supply limits
striped bass productfbn. Most biblogists interpret degree of
food limitation exists, probably through slowing growth, thus
increaéing mortalitylrates. Yet no direét evidencé of starvation

of bass has been found. Bass have changed their diet as the
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composition of the available food supply has changed, and no
general relationships have been found between food supply'and
bass mortality. Thus the changes in food supply caused by recent
introductions are apparently not a major factor contributing to
the decline of striped bass. Even iflthat is so, the changes in

food supply might inhibit the recovery of some fish species.

The trends in the abundance of various fish species have
also been examined to try to identify coincidences between trends
which might indicate one species causing another to decline. No
declines in abundancerhave coincided with increases in introduced

species sufficiéntly for the introduced species to be the likely

cause of observed declines.

A recent questioﬁLhas been raised about that conclusion in
regard to Delta smelt and inland silversides. It has recently
been hypothesized that the measures of silversides abundance are
‘poor, because little sampling is done along the shoreline where
most occur. Hence predation and competition with silversides may

have been more significant for Delta smelt than previously

recognized.

The best summary of the effects of introduced species is
that introductions have caused major changes in fish fauna in the

estuary, particularly‘in fresh waters. The most obvious effects
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on fish populations occurred due to introductions in the 19th

century.

Introductions since 1950 have caused substantial chaﬁées in
aquatic invertebrates and established large populations of
several species of smailer fish, but they have not coincided with
the principal declines in other fish populations. Hence there is
not an strong empiricai case for recent introductions being a
principal cause of the decline in species such as striped bass
and Delta smelt. Conversely, uncertainty exists both as to
effects introductions may have had on some species and as to
whether the introductions may make the recovery of préviously

abundant species more difficult.

~ Food Limitations
Many biologists éuspect that food limitations‘may have
‘played some role in the decline of fish populations, with most of
the evaluation effort having been directed towards striped bass.
Among the reasons for this suspicion are the fact that
éooplankton are less abundant iﬁ this Estuary than in Atlantic
Coast estuaries whererlarge populations of bass occur. Also, the
‘abundance of a numbervof components in the food chain has
decreased since 1970.; Even though total zooplankton abundance is

about the same as it was 20 years ago.
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As discussed in the previous section on introductions, food
supply probably does influence the survival of bass, but the
available evidence does not provide any clear evidence that food
limitations have contributed significantly to the decline in bass

abundance.

TOXICITY

Forty years ago, a number of adverse effects of pollutants
were obvious in the Estuary. These included low dissolved oxygen
at several locations, fairly common kills of fish and obvious
visual or olfactory changes associated with discharges. Today,

after hundreds of miliions of dollars spent to upgrade waste

~ treatment, many fewer obvious signs of pollution exist.

The major question involving toxics is whether toxic
deposits or continﬁing discharges, including those from nonpoint
sources, cause toxic effects sufficient to affect the abundance
of species significantly. Various sublethal effects have been
documented well, but pollutant-effects experts are uncertain of
the consequences of such effects, particularly as they relate to

whole populations of fish.

One aspect of toxicant effects is that they are potentially
confounded with flow effects. The magnitude of flow certainly

dilutes concentrations of toxicants, particularly in the upper

35

B—0003709
B-000379



portion of the Estuary. As one moves downstream, tidal action

becomes of increasing importance in determining rates of
dilution. Within San Francisco Bay, tides are the dominant force
determining dilution, except when relatively high flows (~40,000

cfs) induce two-layer circulation.

While pollutant effects have been identified for a number of
species, potential effects have been examined more thoroughly for
striped bass than for other species. Hence the following

discussion will focus on striped bass.

One source of inﬁprmation concerns periodic pesticide
occurrence in runoff from the Sacramento and San Joaquin rivers.
Biologically significant concentrations occur periodicélly even
during pulse flows resulting from storms. Bioassays have
demonstrated lethal effects for several invertebrates and larval
striped bass both in the Sacramento and San Joaquin rivers. Also
liver necrosis typical of exposure to toxic chemicals has been
found in young bass in the wild. Yet no corresponding increase
in mortality rates fof young bass has been measurea, and
stringent controls, which cléafly decreased pesticide loading in
1991 and 1992, produced no corresponding increase in young bass
abundance.. The decline in the abundance of young striped bass
since the early 197os_is closely correlated with the amount of
rice pesticides usedwaiong the Sacfamento River. The failure of

the abundance of young‘bass to increase in response to improved
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regulation of pesticides in 1991 and 1992 indicates that the
correlation probably does not reflect a cause and effect

relationship.

For apparently healthy adult striped bass, studies initiated
by NMFS and followed up on by DFG found body burdens of various
hydrocarbons and heavy metals, including mercury concentrations
frequently exceeding U.S. Fooa and Drug Administration action
levels. Eleven years of sampling found some evidence of poor
health, such as egg résorption. However, no strong direct links
were found between spgcific pollutants and fish health. Some

indications of improving health were found during the eleven

years.

Another avenue of'exploratioh concerns a fish die off which
has occurred each spring or early summer”near the upper end of
the salinity gradient;for more than 40 years. Most deaths are of
adult stfiped bass, with'several'thousand carcasses counted in
some fears. Several gttempts to determine the cause of the die
off have been unsuccégéful, although recent University of
California led studies have found evidence of liver damage and
higher concentration of various hydrocarbons in moribund‘than

control fish.

To reiterate, clear evidence of some harm from toxiéants

_exists and warrants more effective management but overall
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consequences cannot be estimated. Given the major pollutant
abatement actions during the last 20'yéars and some evidence of
lessening effects of pollution, I find it difficult to believe
that pollutants are a principal cause of the widespread decline
in fishery-resources which has occurred in the last 20 or so

years.
Legal Harvest

Striped Bass -

DFG has measured éhe proportion of the bass population
harvested By anglers periodically between 1958 and 1968 and
annually since 1969. éince 1969 anglers have harvested ah
average of 19% of legal-sized bass annually with a range of 10 to

30%. No trend is evident over this period.

While these harvest rates are believed to be well within
safe limits, angling fegulations were made more restrictive in
1983 in an effort to increase protection for a declining

population. Prior t071983, the minimum length limit was 16

- .inches. 1In 1983, the minimum length was increased to 18 inches

and the daily bég limit reduced from 3 to 2 fish. The respective

legal length limits are equivalent approximately to bass being 3

and 3-1\2 years old.
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In contrast, the combined angling and commercial harvest
rates for striped bass in Chesapeake Bay were on the order of 50%

annually, with harvesting starting at age 2.

The subject of safe harvest limits is discussed in more

detail in the next section on illegal harvest.

- White Sturgeon - - : R

The risk of overfishing sturgeon is much greater than for
striped bass, primarily because sturgeon do not mature until they

are approximately twice as old as bass. 1In fact, no sturgeon

fishing was permitted in California from 1917 until 1954 because

sturgeon had become so scarce, probably due to overharvesting by

a commercial fishery.

In 1954 a tightly regulated sportfishery was opened--1 fish
-per day bag limit, with minimum sizes ranging between 40 and 50

inches at various times since 1954.

DFG has measured harvest rates periodically since 1954.
Annual harvest rates were 1éss than 8% until 1984, when they
increased to 9 to 11%. Concern that those higher rates were
approaching dangerous levels resulted in adoption of more
reétrictive size limits (both increased minimum size and a

maximum size). Subsequently, harvests have fallen to less than

39

B—000383
B-000383



5%. DFG is confident that sturgeon regulations are preventing

overharvesting.

Salmon -

'Management of the:éalmoh fishery is complicated by there
being both a sport and commercial fishery in the ocean and by the

preseﬁce of several regqulatory bodies. A sportfishery in

freshwater is small in relation to the ocean fishery but has been

increasing. Regulation was simplified and strengthened in 1976
by passage of the U.S. Fishery Conservation and Management Act
‘which provides for regulation of ocean fishing on the Pacific

Coast through the Pacific Fishery Management Council under the

leadership of the Secretary of Commerce.

In recent years the Council has drastically curtailed the
ocean fishery for salﬁon in an attempt to meet spawning stock
escapement goals. Reéently, the target escapement for the
Sacramento system has;been‘122,000 to 180,000 Chinook salmon, a
goal which has not beeh achieved in the last three years. No
iarget is set for the San doaquin system due to local habitat
degradation and an inébility to selectively manage the ocean

fishery to promote San Joaguin escapement.

Harvest rates have not been measured for the entire:éalmon

population as they have for striped bass and sturgeon. Instead
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the total catch of salmon south of Point Arena has been related

to escapement in the Sacramento system to get an index of harvest

rates. These rates have increased by an average of about 5%

since 1970 but fluctuations throughout the period have been far
greater than this average increase, with the highest rate being

about 60% greater than the lowest. A limitation of the harvest

rate index is that a substantial portion of the salmon from the

Sacramento system rear north of Point Arena. Those salmon have

received additional protection from stringent regqulations north

of Point Arena to protect Klamath River‘stocks.

Another issue concerning harvest regulations is the

- possibility that the increase in fishing effort supported by

hatchery production has resulted in overharvesting wild stocks.

_ Ocean harvests clearly reduce spawning escapement
substantially, but the most reasonable conclusion is that the
fishery is not the principal factor limiting production. The

best empirical evidence for that conclusion is the abundance of

San Joaquin stocks. San Joaquin stocks provide good production

in wet springs and poor production in dry springs. Total stocks
fell to less than 1,000 spawners in both the 1959-61 and 1976-77
droughts. Within 2 generations spawning escapement rebounded to

about 40,000 and 70,600 fish, respectively. That would not have

been possible if overharvesting rather than spring flows had been

the principal limiting factor.
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Other Fishes -

Largemouth bass harvest rates by anglers were measured from

1980 througﬁ.1984. Rates were consistently about 30%, which is

substantially less than‘largemouth harvest rates in many

California reservoirs.

White catfish harvest rates by anglers were measured in the

mid-~1950s and again from 1978-1980. Catfish do not migrate very

much, so harvest rates'Vary at different locations in the
Estuary, presumably due to local differences in the amount of

angling. In the latter study, harvest rates in different areas

of the Delta ranged from 10 to 38%. Estimates of harvest in the

1950s were in the same range.

Summary -

A summary of legal harvest of various fishes is that in all

cases harvest undoubtedly decreases the number of spawning adults

and the average age of adults. Within limits, that is an

finevitable consequencé of harvesting any wild or domestic animal

population.

The real questiéhs are whether harvests are sufficient to
inhibit the population’s ability to maintain itself or to be

responsible for observed changes in abundance. In every case
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where harvest rates have been measured for fish populations
inhabiting the Bay-Delta system, no evidence was found indicating

that the rates were either excessive or primarily responsible for

recent declines in fish stocks. Any contention to the contrary

‘must be viewed in of light concurrent declines in fish species

which are not subject to either commercially or recreational

harvest.

Illegal Harvest

Illegal harvest is more difficult to estimate than legal
harvest, due to its clandestine nature. Some illegal harvest
undoubtedly occurs for every species subject to fishing. A major

goal of DFG is to minimize illegal take sufficiently to prevent

harm to the resource and assure a socially acceptable division

among resource users. DFG does not condone any illegal harvest

and within the limits of its resources responds whenever evidence

of illegal take is uncovered.

harvest concern salmon and striped bass. DFG believes that

illegal take of salmon does not have a significant effect on the

resource as a whole; this includes harvests by foreign fisheries.

Illegal take consequences are less certain for striped bass.

They involve the illegal harvest of both legal and sublegal-sized
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bass. The magnitude of both is uncertain but the potential
consequences of the take of legal-size bass can be evaluated with
more certaiﬁty based on results of the tagging program.

Illegal take of 1e§31—siied’bass includes both'taking'more

than the two fish bagrlimié using legal angiing techniques and

harvesting with gill nets. Many bass taken both ways are sold

illegally for food.

In analyzing tag féturns, tags returned to DFG are assumed
to have been caught legally by anglérs. While that is
undoubtedly largely trﬁé, some illegally taken tags are probably

returned as some tags have rewards as high as $20 for their

return. To the extent tags from illegal fish are returned,

illegal take would be {ncluded in the estimated harvest rates

described in the section on legal harvest.

*

In additiﬁn to estimating harvest rates, biologists analyze
tag returns”to estimate totai mortality. The difference between
total mortglity and harvest rates is generally called natural
mortality. In feality, estimafes of total mortality is a
combination of naturai mortality, illegal harvest and perhaps

some legal harvest.

estimate how many anglers fail to return tags from fish they

catch underestimate that number.
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The bpttom line for the purpose of assessing illegal take is
that estimates of total mortality include illegal take. Even
though we can not estimate the percent of mortality caused by
illegal take. Thus some insight into the combined effect of

legal and illegal take can be derived from trends in total

mortality.

From 1969 to 1973 and in several earlier years, total
mortality averaged about 41%. After that it gradually increased
to a plateau through the 1980s averaging 49%. DFG biologists
estimate that this increase in total mortality of adults could

account for about 25%‘6f the decline in adult abdndance observed

since 1970.

That 25% is the ﬁaximumvincfemental impact of illegal
fishing, assuming all of the increase in total mortality were due
to illegal fishing. We do not know whether any of the increase
is due to illegal fishing, and it seems most unlikely that all of
it would be. For example; sea lions eaf adult striped bass.
Since they have increased their numbers and range with the
Estuary, sea lion predation likely has contributed to the

increased mortality.

Another perspecﬁive on total mortality is provided by
experience on the East Coast. Some bass stocks there, including

the largest stock which inhabits Chesapeake Bay, were being
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harvested by sport and commercial fisheries at a rate which
résulted in total mortalities on the order of 70% per yeéf. In
the Chesapeake those fisheries started at age 2, rather than
California’s practice of limitihg legal ﬁarvest to age 3-1/2 and
older. Most Chesapeakg'bioldgists concluded overharvesting was
the principal cause of'bass”declines observed on the east éoast

during the 1980s. They also concluded that total mortality on

the order of 50% is sﬁétainable.

The second portioh of illegal taﬁg is the catch of sublegal
bass. Historically, that has resulted entirely from anglers

keeping some sublegal bass, but in recent years there has been

some fishing with small nets.

Only the crudest of estimates exists. DFG wardens estimate
-they contact about z%ﬁof anglers. Given that and the number of
sublegal bass observed, they estimate that the take of sublegal

bass is at least 500,000 fish per year.

:The issue is not new. In the summer of 1957 or 1958, I
-épent a day patrollihg with a warden, so he céuld document his
concern over the take of sublegal bass. We saw a considerable
number of sublegal bass being kept. Hence the issue concerns

“both the present magﬁitude and how that has changed.
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Contrasting the estimated illegal catch with the estimated
+400,000 3-year old bass in the population now, it is very likely
that the illegal take éignificantly reduces the production of
adult bass. The illegal catch estimates are very uncertain, and
we have been unable to‘identify a way to improve them, so we can
not estimate the consequences of illegal catch more precisely.
While actions to reduce take are clearly warranted, the fact that
illegal harvest of bass is not a new problem, and that it is well
documented that increased mortality of younger bass is caused by
the water projects, if seems'ﬁnlikely that the harvest of
sublegal bass is the dominant factor causing the decline in adult

bass abundance since 1970.

Land Reclamation

Land reclamation”caused major ecological changes both in the
Estuary and throughodt the Central Valley. It destroyed most of
the tidal marshes in the estuary and seasonally flooded wetland
upstream from the estuary. The latter probably caused the
extinction of the thick-tailed chub, a minnow which spawned in

seasonally flqoded vegetation.

The vast majority of land reclamation occurred before 1920,
so there is essentially no factual information available to
estimate its consequences. The main issue for the purpose of

this paper is whether modest rehabilitation of tidal or seasonal
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wetlands might have substantial value for rehabilitating

fisheries.

The most significant may be for splittail. This native
minnow has decreased in abundance to the point where it has been

proposed for listing under the Federal Endangered Species Act.

Splittail often spawn over béds of submerged vegetation and
the production of youné is consistently much better in wet than
dry years. Those two facts may be related. i.e. The amount of
seasonally flooded vegetation may be great enough in wet years to
cause the better production. Increasing the availability of
wetlands at low flows‘might be aﬁ effective management strategy
for splittail, but it would be strictly exéerimental and require

substantial tracts oflwetlands to increase production

significantly.

Increased wetlands would undoubtedly cause other ecological
changes, including incfeasing the production of organic detritus,

but the actual nature of the changes are uncertain and large

scale restoration would be necessary to have much effect on basic

processes, such as in@reasing the base of the food chain through
production .of detritus. (Keep in mind that restoration cannot be
accomplished by breaching the levees. 1In the Delta and even in
Suisun Marsh, subsideﬁce has been so.great that breaching lévees

creates bays rather than marshes. Using dredge spoil to recreate
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wetlands offers some potential. It likely is responsible for the
wetland created when the tip of Mandeville Island was severed

during construction of the Stockton Deep Water Channel.)
In-Delta Diversions

Diversions onto Delta agricultural lands are made through
many small unscreened intakes. During the peak of the irrigation
season, the net amount of water diverted approximately equals the

amount diverted through the Tracy Pumping Plant of the CVP.

Limited evaluations prior to 1970 documented losses of both
salmon and striped bass by these diversions but were insufficient
to estimate the overall magnitude of such losses. Losses
undoubtedly vary due to the uneven geographic and seasonal

distribution of fish, differences in intake design and location

and other factors.

A more extensive evaluation of losses and potential

screening methods is ﬁnderway.

The largest othéfrloss at diversions occurs at Pacific Gas
and Electric cOmpanyfs Contra Costa and Pittsburg Powerplants.
The principal loss tﬂére is eggs and larvae of striped bass
entrained in the cooling water for the plants structural and

operational changes made in recent years pursuant to permits
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issued be the Reglonal Water Quality Control Boards have reduced

such loss 50 to 70% in relation to losses occurring in the late

1970’s.
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SUMMARY

A host of factors must be considered in formulating a
fishery restoration plan for‘the Sacramento-San Joaquin Estuary.
Enough is known to make sound judgments about the potential value
of various actions, but not enough is known to design definitive

restoration plans for the best known species, much less for the

whole ecosystem.

Dealing with theugffects of water development should be the
cornerstone of any resforation plan. This involves providing
adequate flows or salinities for various fishery needs, providing
‘better fish screens and making some structural changes in the
water distfibution sy;fem to deal with adverse effects associated

with the nature and location of the major water diversions.

Of the nonwater ?roject related factors, control of
toxicants and illegal harvest probably offer the greatest
potential for assistiﬁg restoration. Prevention of further
introductions of fish and invertebrates is important to avoiding

additional, potentiaiiy harmful changes.
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