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SUMMARY, CONCLUSIONS & RECOMMENDATIONS


E stuaries, the meeting places of fresh and s a l t water,

are among the world 's most im portant natural hab ita ts .

T hroughout history  such areas have been critica l l y  significant

because they provide fishing, transportation and recreation, as

well as fresh water for drink ing, power, irrigation, and waste

disposal d ilution.

T oday, over half the people in the world live within 125

miles of a coast. E ighty percent of the global and 70-80% of the

U .S . fish and shel l fish catch come from areas influenced by fresh

water and nutrient inflow from streams, rivers and estuaries.

M any thousands of tons of salmon and other anadromous fishes

caught each year migrated long distances from the ocean to their

home rivers to spawn.

Published resul ts regarding water development in rivers

entering the B lack ~   .tl:1§. ~   of A zov. C aspian and

M editerranean S eas in E urope and A sia a l l  point to the

conclusion th a t when successive spring and annual water

withdrawals exceeded 30% and more than 40-50% of the normal

unimpaired flow respectively , (computed as the average for 50-60

years of observations) , wa.ter quality  and fishery resources in

the river- d e l ta - e s tuary - coas ta l  zone (ocean) ecosystem

deteriorated to levels which overrode the ab il ity  of the system

to restore its e l f.
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Commercial and recreational 

catches of R ussian sturgeon,

pike- perch, brim, mackerel, sprat, etc. have been extinguished in

the D niester and D nieper E stuaries and the most productive

W estern part of the B lack S ea since the late 1960

1

s .

In the S ea of A zov ( once the most productive sea in the

W orld), the commercial catch of R ussian sturgeon, as well as

numerous other valuable semi-anadromous and anadromous fish ,

dropped from hundreds of thousands to several thousand tons over

the l a s t two decades of runoff regulation. (T heir requirements

for sufficient quantity and quality of water during migration and

spawning are almost the same as for the Chinook salmon, striped

bass and shad in the S an F rancisco B ay A rea.) The same phenomena

were observed i n ~ C aspian S ea as well as with the commercial

catch of S almon in N orthern E urope.

In the N ile Del ta- M editerranean ~   coas ta l rn, the

coastal commercial catch of S ardinnela and other species that are

dependent on runoff have dropped from more than one hundred

thousand tons in the 1950 's  to several thousand tons since the

A swan Dam operation (1964).

The commercial catch of striped bass in the Chesapeake B ay

region has declined up to 70% due to water regulation and

pollution. The same percentage decline of fish and shel lfish has

been observed in th§. D e l aw are~ a n d ~ T exas lagoons.

T he impoundment of :t.lut M urray-D arling R iver system in

A ustralia and construction of the s a l t barrier in its  D elta has

elim inated the fisheries in this area since the 1940

1

s.

C omparable s tud ies and many publ ications have reached

s im il ar conclusions; namely, despite reproductive cycles and
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behavioral and physiological differences among the estuarine fish

species , h is to ric  catch l eve l s  for each appear to re fl e c t

underlying relationships which require specific volumes of runoff

discharges, particularly  in l a te winter and spring.

U nder natural conditions approximately 60%-70% of the flow

tak es place during th is period, and this flow is responsible for:

1) R epelling the intrusion of sea water into the D elta;

2 ) Providing necessary levels of nutrients (organic and

inorganic m aterials, phosphate, s il ica tes , nitrogen, e tc .) ;

3) Producing flow conditions necessary for anadromous fish

m igration, spawning and rearing;

4) C reating a large entrapm ent zone which optim izes

survival of fry and the food on which they feed;

5) Providing flushing and mixing flows to maintain water

qua l ity  conditions (d issolved oxygen and tem perature

throughout the water column); and

6) E ntraining large amounts of sal ty  water as i t  flows

th:i;-ough the estuary  to the ocean, creating a dynamic

sa l in ity  equilibrium within the system.

A lthough a l l  of these conditions play important roles in the

hatching and development of fish of a given year class , i t  is

extremely important .:tQ note that the s ta te Q.f the estuary during

th is  period i.e heavily influenced 12.Y. past runoff conditions as

well.

D espite the more than $2 b il l ion spent over the past twenty-

five years on the evaluation and management of the D elta- S an

F rancisco B ay ecosystem, the basic understanding necessary to
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preserve i ts  heal th has not been 

picture of the complex factors that 

achieved. W ithout a clear

influence the D elta and Bay

living resources and water quality , management decisions have

been unable to reverse the decline of resources.

The research program of the R omberg T iburon C enter over

the pas t three years was designed to ( 1) provide in- depth

evaluation of freshwater inflow to the D elta and B ay, (2) assess

the manner in which flow has been modified since the early part

of th is  century  (especial ly  during the period following the

completion of the major components of the C entral V alley Project

(CVP) and s ta te water Project (S WP)), and (3 ) assess the impacts

of flow modification on the fishery resources of the system.

Purpose

The purpose of this report is  to util ize the resul ts of

the previous investigation on the modification of freshwater

flow to th~ D elta and B ay (R ozengurt e t a l . ,  1987a) to analyze

the relationship between flow and commercial and recreational

fish catch~s.

M ethods

our analy sis was performed in two stages:

1) A nnual commercial landings of salmon, striped bass and

shad (mainly data for the pre- project period) were compared with

spring and ~nnual flows several years earl ier. (The use of this

procedure is  based on the premise that flow has the greatest

impact during the firs t seasons of an organism 's l ife . T his

technique has been successfully used to show high correlations

between flow during egg and larval stages and lobster catches as
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long as 8-9 years l a te r, as well as with shorter lag times for

fish species general ly  landed 2- 4 years a fte r spawning.)

correlations between fish catch and the annual and seasonal flow

conditions for a number of years preceding a given y ear's catch

were calculated in order to examine cumulative effects of flow on

fish from year of hatch to year of catch (3 - 5 years l a te r) .

2) The relationships between salmon fa l l  run, S triped B ass

Index of abundance and recreational catches (for the post- project

period) vs. runoff were also examined with the same technique.

F indings

M odification Qf. F r e s h w a te r~ conditions

As resul t of construction of the sophisticated CVP and

SWP water storage fa c il i tie s  (with an accumulation capacity equal

to 71% of normal unimpaired runoff) and conveyance systems into

and out of the D elta (15-20% of the normal D elta outflow), the

pos t- p roi ec t period natura l water supply to .the. Del ta - san

F rancisco B ay estuarine s y s t e m ~ been reduced to unprecedented

levels;

1. S ince 1967, absolute values of to ta l  diversions with

predominant range of 10 -12 MAF per year ( with maximum values of

14-21 MAF) are 2 .8 - 3 .2 times (and up to 3 - 5 times) higher than

before the CVP and SWP were completed (pre- project period 1915-

1943 ) · (F ig. 3 - 2)

2. The absolute values of predominant upstream diversion

Qf. 6-12 MAr for the post- project period, 1944-1984, are 3 - 5 times

higher than for 1915-1943 .

5




10.500

g_7~

G.000


e.2~

7.500

8.7&o


i.. 6.000

:::t 5.250

4.500

!.750

3.000

2.750

1,500

0.750

0.000

10.500

t.750

t.000

9.250

7.!100


8.750

~  e.ooo


::E 5.250

4.500

3.7!,0

3 .000

2.2SO


1,500

0.750

0.000

11.250

10.500

9.750

9.000

e.260

7.500

8.7!>0.


~  6.000

-~ fl.250

4.500

3.750

3.000

2.250

,.~ 

0.750

0.000

(·

1911 22 21 32 37 42 47 52 57 s2 67 12 77 a2·

yeors

F ig. 3-2 T he mean annual volume of water diverted for 5- year

periods from the S acramento- S an Joaquin R iver basin during pre-

p roject (1915-1943 ) and pos t- p roject (1943 -1983 ) periods: A)


U pstream, B) I nner D elta, C) T otal D iversions. The. years marked

are the pivotal years of the period, e .g .,  1917 · 1915-1919.

(* = 4- year period)



A bsolute values of downstream diversions (D elta consumptive

use and export) were in some years, e .g ., 1975, of the same

magnitude as the upstream diversion, a phenomenon never observed

in the pre- project period. The predominant range of annual D elta

diversions since 1967 ~   !.=2 MAf. T hese values are almost a


times higher than D elta water withdrawals before the projects

~   completed.

3 . The major cause of these persistent decreases in

annual runoff is  .:tbA ,:t diversions in winter (prim arily upstream)

range between 1.2 a n d ~ and in spring <upstream gng downstream)

between J..Q. A.ru1 llQl. QJ;: mQX.e of the natural water supply of the

S acramento-S an Joaquin R iver-D elta subsystem.

4. S ince the projects' (CVP and SWP) operations began

(especially from the la te 60 's on), winter and spring regulated

water supply to the system was reduced 1.2 - 1.4 and 1.6- 2 .4 times

in comparison with unimpaired mean winter and spring water supply

to the Del ta- B ay system , respectively , for 5 - y ear periods

(prevailing range of unimpaired runoff is  equal to 3 -4 MAF) ·


T herefore, ~   .th& period 1967-1984 « res idual winter and.

especia l l y  spring Delta outflow .in j;.h§. m ajority  .Q.f. cases

corresponded .t.Q. subnormal s.ru;! below subnormal wetness when

compared wi!Jl s ta tis tic s  for unimpaired runoff. (F ig. 3 -10)

5. B etween 1944 and 1983 , the upstream, downstream and

tota l cumulative losses due to diversions reached ~   .lQ.i and

2§.§. MAF respectively . cumulative upstream And downstream water

losses a m o u n t e d ~~~ 80 times, respectively , the volume of

the D elta .!.l...:..J. MA.Fl while .th.@ to ta l  diversions account for 61

times the volume Q! the S an F rancisco B ay 1..§. MAF).
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6. A nalysis indicates that for the majority of 5- year

periods, the mean regulated runoff is much less than normal, and

has been replaced by volumes corresponding to subnormal and dry

conditions. T his water supply is 35-55% less than the natural

mean D elta outflow (27.2 M AF).

I t  should by emphasized that the above-mentioned losses in

water supply sustained by the river- D elta- S an F rancisco B ay

ecosystem infer concomitant losses, in m illions of tons, of the

organic and inorganic m atter required to provide adequate

ecological conditions for l iving resources. M oreover, the

chronic freshwater d efic it may resul t, as i t  was documented for

the S an F rancisco B ay and many other estuaries throughout the

world, in unfavorable changes in circulation patterns, mixing

processes, sa l inity  and other regime characteris tics .

7 . B ased on the experiences of 1924 and 1976-77, i t

should be emphasized that under natural conditions, annual and

spring residual runoff to S an F rancisco B ay of 3 -5 MAF and <1.5

MAF, respectively , would occur only very rarely  (once per 100 or

more years) . .I.f. ~   extreme conditions occur .Q.!l ~  regular

basis ·. the D elta-B ay system !!i.ll cease tQ function A § an estuary

and ultim ately D elta agriculture · .th§ fresh water quality (for

drink ing .a.ns;l irrigation}, g,ng ~   estuarine living resources wil l

severely deteriorate.

a. current decisions C including D-1485) regarding water

d is trib u tion in C al ifornia are based on a water year- type

class ification system (the F our- R iver Index) which excludes 25%


of the S acramento-S an Joaquin river watershed. A s a resul t, the

normal (long- term mean) F our- R iver Index runoff (Q = 17.2 MAF;
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1921-1978) accounts for only 61% of the normal S acramento-S an

Joaquin R iver inflow to the D elta originating from 100% of the

basin area (Q = 28.2 MAF: 1921-1978). T herefore, evaluation of

wetness of the year, residual runoff and consequent planning for

water diversions, based on the F our- R iver Index, overestimate the

level of water availab il ity  i..n .s manner incompatible with the

relatively  meager natural levels of runoff. I t  follows that in

normal, and especial ly  in sub-normal and dry years , the F our-

R iver Index c l a s s ific a tion system influences decision-m ak ers

towards perm itting higher (and potential ly  damaging) levels of

diversions.

R ecommendations: R unoff

We strongly recommend (as in our previous report, R ozengurt,

H erz & F eld, 1987a) that ~   SWRCB discontinue the ™ of the

F our R iver Index class ification system and substitute .i..t with .s


system which util izes  ~   f iQm .:tM  entire watershed for the

determ ination Qt natural seasonal gpg annual wetness type, and

subsequently . volumes 2.t water avail ab le for d ivers ion and

correspondance 2.t residual flows j;.Q. natura l flow s ta t i s t i c s

C i. e, , water year- type) · Qn1 y .U  to ta l  outflow .ll used M the

basis .fo.r class ification xill i t  be possible to provide the flows

needed to protect and maintain the fish and other resources of

~   D elta- S an F ra n c is c o~ system <Fig.3-1) .


.-I n our opinion, the recommendations contained in D ecision

1485 (based on the F our R iver Index system) have resulted in

spring flow levels that are unprecedented in the recorded history

of the system ( frequency of occurrence less than once per 100

8
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years) . The excessive spring water withdrawals, compounded by

the late winter water diversions, have significantly  reduced

annual river and D elta discharges and contributed greatly to the

deterioration of the resources of the system during the past

decade.

M odification of landings

Chinook salmon (O ncorhynchus tshawytscha}

B etween 1874 and 1914, commercial salmon catches in the B ay

and D elta ranged from 2-11 m illion pounds per year (average=  6),

and from o. 3 - 6 m illion pounds (average = 2) from 1915-1957

(when commercial fishing became res tricted to the ocean). 

S ince

th is  span of time encompasses the pre- project and the beginning

of pos t- p roject periods in water development, i t  afford s an

opportunity to assess the relationship between flow and salmon

landings by examining catch/ flow correlations.

1 .  F or the 1916-193 1 period, commercial salmon catch was

highly correlated with annual :me.sn regulated Del ta outflow for

the 5 years preceding (RD0

5

) the year of catch (r=  0 .86; p<0 .01),

indicating ~hat the volume of annual flow (19-23  ~   during the

y ears between spawn and m aturity  influenced catch success.

S im ilar resul ts , but with a s l ightly  lower correlation, were

obtained for the 1944-1957 period.

2. C orrelations between spring flows and salmon catch,

especia l l y  during the 1916-193 0 period , ind icated th a t even

stronger relationships existed between mean regulated spring

(A pril+M ay+June/3 ) flows and commercial landings lagged by 3 -5
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y ears of the spring runoff ( r 's  = 0 .80 - 0 .97~ p< 0 .0 5 ) .

successful catches resulted when spring flows averaged 2.5- 4 MAF


(or 42,014-67,222 cfs or 1,189-1,90 3  m

3

/ sec) . (F ig. 5-9)

3 . The number of fal l - run salmon returning to spawn at R ed

B luff (S acramento R iver) also demonstrated reasonable correlation

with annual and spring runoff for the years preceding the

m igration of a given year class and subsequent influence of high

volumes of runoff on spawning success and survival.

successful m igration appears to require spring flows of

2 .3 - 2 .8 MAF (or 3 8,653 -47,056 cfs or 1,094-1,3 3 2 m

3

/ sec) .

I n th is case the tota l regulated spring D elta outflows of

6.9 - 8.4 MA.E, correspond to 40.6% and 44.2% of mean RDO of 17-19

MAF for several preceding years, respectively . (H ere, as further

in our discussion, the above-mentioned spring and annual volumes

of RDO represent the s ta tis tic s  for years of subnormal wetness,

e .g ., 75-80% of probability of exceedence or recurrence interval

of 4-5 years under conditions of unimpaired runoff.)

s triped bass (L occus saxatil is}

1. B etween 1889 and 1935 (when commercial fishing was

banned) , striped bass catches ranged from o. 5 and 1 .  4 m illion

pounds. Populations have declined since th a t tim e and the

recreational catch, which totaled approximately 60,000 fish per

year in the early  1960s, dropped to 1,400 fish in 1980. The

to ta l  S triped B ass Index of abundance has declined from a maximum

of 117 in 1965 to a low of 6.5 in 1985.

2. C orrelations between commercial striped bass catch and

mean annual regulated flow for the. 5 preceding years indicated a
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good association for the periods 1918-1929 and 1916-193 5 (r's=

o.70 and 0 .79; p<0.01) while for spring, mean flow for 3 years (5

years before catch) showed s l ightly  lower correlations (r's=  0.67

and 0 .65; p <0.01) for the same periods.

3 . T hese resul ts indicate that optimal averaged commercial

catches of striped bass (0 .5 to 0 .6 m illion pounds per year) were

observed when average spring flows (A pril+M ay+June/3 ) for the

preceding 3 -5 years (lagged by 2-3  years) were in the range of

2 .3 - 3 .4 MAF, (3 8,653 -57 ,13 9 cfs or 1,082-1,412 m

3

/ sec) and tota l

spring RDO averaged between 6.9- 10 .2 MAF (or 38.3% and 46.4%,

respectively , of mean annual regulated D elta outflow (RDO) of 18-

l i  ~   for 3 -5 years p rior to the year of catch) despite many

regulations.

4. correlations between recreational catch of striped bass

and m.n spring (A pril+M ay+June/ 3 ) and annual RDO for the

preceding years ( lagged by 3 years) il l u s tra te that optimal

recreational catch correspond to 2 ,0 - 3 .o M A [ ( i .e .,  to ta l  spring

RDO of 6,0 - 9 ,0  ~   or 35.3% and 42.9% of mean annual RDO of 17-

21 MAF, ·respectively ) .

s. F or the 1967 - 1981 period , corre l a tions between the

s t r i p e d ~ Index of abundance and 5- year running mean annual

regulated D elta outflow yielded one of the highest correlations

(r = 0.97.; p<0 .05), indicating that knowledge of the average flow

conditions for 5 running years is  a good predictor of S triped

Ba-ss Index level and therefore, abundance of fish suitable for

recreational catch. T hese analyses indicate that five years of

average annual regulated D elta outflow (RD0

5

) of .l5. MAF wil l be
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followed 12,y marginal bass abundance, while 18-21 MAF for 5 years

wil l be followed 12,y optimal bass populations.

6. A verage spring (A pril+M ay+June/3 ) RD0

5 

also were

highly correlated with the S triped B ass Index for the 1959-1981

period (r = 0 .82; p<0 .05). 

A s with annual flow, the resul ts

indicate that 3 -5 years with average spring flows of 2- 2.5 ~  

(3 3 ,611-42,014 cfs or 951-1,189 m

3

/ sec) wil l resul t in optimal

populations (to ta l  spring D elta outflows of 6.0 - 7 .5 MAF


correspond to 3 3 .3 -3 5.7% of mean annual D elta outflows for 3 -5

years) .

A merican fill.gg <A losa sapidissima)

1. B etween 1916 and 1957 (when commercial fishing was

p rohib ited ) , landings ranged between 113 ,0 0 0 (1941) and 5.7

m illion pounds (1916). 

C orrelations for the 1916-193 1 period

(when level of effort and techniques were relatively  constant) ,


indicate that average annual and spring regulated flows for the

previous 3 -4 years correlated quite well with the commercial shad

catch (r = 0 .88; p<0.05 for annual and r = 0 .89, p<0.05 for

spring flows) ·


2. D uring 1916-193 1, landings of 1. 5- 2 m il l ion pounds

followed 3 - and 5- year periods with average spring D elta outflows

of 2 .5 - 3 .5 M A [ (42,014-58,819 cfs or 1,176-1,665 m

3

/ sec) , i .e . ,

for those periods to ta l  spring outflows of 7. 5- 10 . 5 MAF


correspond to 41. 7 and 42. 0% of the mean annual flows of 8-25

MAF.


12



C onclusions

1 .  The s im ilarities in the . correlations between seasonal

and annual regulated D elta outflow for the three species of

anadromous fish suggest that a specific range of mean flows

during consecutive springs, as well as consecutive years, have

both a predictable effect on reproduction, recruitment in stock

and catch success, and thereby supports the argument that there

are cumulative effects of flow on fish (and perhaps on other

species as well) in th is and other estuaries.

2. In sum, for a l l  three of the most valuable species of

anadromous fish of the S an F rancisco B ay ecosystem (C hinook

salmon, striped bass and A merican shad), the highest correlations

between commercial catch and average spring and annual regulated

outflows of the pre- project period of 1915-1943  (characterized by

predominant upstream di version) were obtained for catch of a


given year against seasonal and annual regulated D elta outflow

averaged for the preceding 3 - 5 years (RD0

3

R oo

5

) .

3 . A s a rule, the mean spring RDO of 2 .3 - 3 .5 ~   (3 8,653 -

58,819 cfs or 1,0 82 - 1,665 m

3

/sec) , which correspond to 64-97% of

the normal (unimpaired) spring D elta outflow of 3 . 6 MAF (for

1921- 1978), provided the optimal commercial catch.

U nder these conditions the prevail ing range of annual

averaged regulated D elta outflow was equal to 19-22 MA.r (or 70 -

81% of the normal unimpaired Del ta outflow = 27 . 2 MAF for the

pe·riod of 1921- 1978).

4. The highest correlations between production indices

(salmon fa l l  .D:!n and S B I), as well as striped bass recreational

catch, and averaged spring and annual regulated D elta outflow for

13



several consecutive years of the post- project period of 1944-1985

may indicate that the range of 3 - and 5- year running mean spring

of 2.3 - 2~5 MAF (3 8,655- 42 ,0 14 cfs) was able to m aintain

relatively  tolerant ecological conditions for eggs, larvae and

juvenile survival up to 1975. T hat is , tota l spring and annual

RDO for the 3 -5 years preceding the year of catch or index were

6.9 - 7 .5 MAF and 17-19 MAF, respectively . (T hese ranges of spring

and annual RD0

3

, 

5 

correspond to 64-70% and 62-70% of th e ir

normals, 3 .6 and 27.2 MAF, respectively .)

When the gradual reduction of water supply exceeded these

thresholds and reached mean spring and annual regulated volumes

of 1.0 - 1.5 MAF and 11-15 MAF, respectively (or 27-40% and 40-45%

of their normals), the signs of deterioration of environment of

the riverine- estuarine system and i ts  living resources became

obvious.

I t  seems l ik ely  that the average spring water supply for

several consecutive years contributes s ign ifican tl y  to the

adequate e.cological conditions for eggs, larvae and juvenile

survival. T herefore i t  is  not surprising that these cumulative

average regulated D elta outflows (with concomitant influence on

nutrient level , sa l inity , temperature, dissolved oxygen, etc.)

affect the overal l estuarine environment and, as a resul t, the

reproductive success of fish.

However, the predominant ranges of mean annual and spring

water supply to the B ay for the 3 - and 5- year periods were 1 .5 -

2.5 times less (annual) and 2 .5- 3 .5 times less (spring) than

the ir normal levels for the l a s t 10-15 years.
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In our opinion, th is , in combination with less visible· man-

induced factors, has resulted in a 19- and 60 - fold reduction of

S B I and salmon fa l l  run between 1959-1985, respectively , as well

as in the overal l d ra s tic  decl ine of recreational catch of

striped bass, recreational and commercial catch of salmon, shad,

and steelhead trout in the S acramento-S an Joaquin river- D elta-

B ay- coastal zone ecosystem.

The tota l economic losses due to declines in catch (between

1965-1986) of striped bass and salmon account for 1 .  6 bil l ion

dol lars , or 2.6 b il l ion dol lars , i f steelhead trout decline is

taken into consideration (M eyer R esources, 1985; T . B euttler,

presentation at " F ish and W ildlife in the B ay-Del ta E stuary"

SWRCB Conference #4, 1986)... 

5. T hese and other sim ilar his torical examples of the

relation between human needs for freshwater and protection of

estuarine environments indicate that special consideration should

be given to the consequences of timing and volume of spring and

annual water withdrawals on recruitm ent and landings of

anadromous fish because of the ir known sensitive response to

cumulative fluctuations in freshwater supply. I t  may be possible

to al leviate these problems and to protect water intak es in the

D elta i f  lim its to water diversion can be agreed upon, perhaps

through the establishment of sa l inity  and flow standards for S an

F rancisco B ay (neither of which currently exis t) .
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R ecommendations

B ased on th is  evaluation of modifications in regulated flows

and the ir impacts on salmon, striped bass and shad populations

and catches in the Del ta and S an F rancisco Bay, ~  propose the

following c rite ria  for ~   spring and annual regulated D elta

outflows which must be maintained for periods of a t least 2-3

consecutive years to ensure adequate water quality , seasonal

displacement of the entrapment zone and optimal conditions for

fish m igration and spawning, as well as for juvenile survival and

success in recreational and even commercial catch in the D elta-

S an F rancisco B ay coastal zone ecosystem (F ig. 8- 1, 8 - 2 .; T able

8-1) :


A . T otal spring regulated Del ta outflow = 6. 9- 7 . 5 MAF or

mean spring (A pril+M ay+June/3 ) flows of a t l eas t 2. 3 - 2. 5 MAF


(64.1-69.6%  of the normal spring delta outflow, Q = 3 .59 MAF) or

3 8.653 -42.014 cfs .

B . T otal annual regulated D elta outflows no less than 17-19

MAE (62.5-69.8%  of the Q · 27.2 MAF).

T able 8-1 summarizes our recommendations for water standards

and c r i te r i a  to safeguard fis he rie s  resources , based on our

findings.
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T able 8-1 

R egulated D elta outflow and 

river·D el ta·S an F rancisco B ay ecosystem: 

observed values and recommendations*

l i Vi ng 

pre· 

resources of the

and post project

Pre·Proleet Peri·od · O bserved V alues:

Param eter\ F ish

Commercial C atch

S almon 

S triped Bass

T otal S pring R eg·

ulated D elta O utflow

CRDO):

MAF 

7. 5 · 1 2. 0 

6 .9 ·1 0 .2  

7 . 5 · 1 0. 5


(km


3


> 

(9 .2 ·1 4 .8 ) (8 .5 ·1 2 .6 )  

(9 .2 ·1 3 .0 )

M ean 

S pring 

RDO:


MAF 

2. 5 · 4. 0 

2. 3 · 3 . 4 

2. 5 · 3 . 5


cfs 42,0 14- 67 ,222 3 8,653 - 57 ,13 9 

42,0 14- 58,819

Ckm


3


) (3 .1 ·4 .9 )  

(2 .8 ·4 .2 )  (3 .1 ·4 .3 )

cm


3


/ sec) (1 ,189- 1 ,90 4) (1 ,0 94·1 ,618 ) (1 ,189·1 ,666)

A nnual RDO:


MAF 19.0 - 2 3 .0  

18.0 - 2 2 .0  

18.0 ·2 5 .0

(km


3


> (2 3 .4 ·2 8 .4 ) 

(2 2 .2 - 2 7 . 1 > (2 2 .2 - 3 0 .8 )

· · · · · · · · · · · · · · · · · · · · ·  A ll 3 S p e c i e s · · · · · · · · · · · · · · · · · · · · ·

T otal S pring 'RDO:


M ean S pring RDO:


MAF


cfs

A nnual RDO:


MAF


Ckm


3


)


6.9 ·12 .0

(8 .5 ·1 4 .8 )

2 .3 ·4 .0

3 8,653 ·67 ,222

(2 .8 - 4 .9 )

(1 ,0 94·1 ,90 4)

18 .0 ·2 5 .0

(2 2 .2 - 3 0 .8 )



T able 8·1 continued

Post- Project Period · O bserved V alues:

Param eter\ F ish

T otal S pring R eg·

ulated D elta O utflow

(R DO ):

MAF


(km


3


)


Mean S pring RDO:


MAF


cfs

(km

3


)


cm


3


/ sec)

A nnual RDO:


MAF


(km

3


)


Salmon.E...!.l..l..B..!:!.Il. 

6. 9 -8 . 9

(8 .5 ·1 1 .0 )

2 .3 ·2 .8

3 8 ,65 3 ·47 ,0 5 6

(2 .8 · 3 .4 )

(1 ,0 9 4 - 1 , 3 3 2 )

1 7 .0 ·1 9 .0

(2 1 .0 · 2 3 .4 )

6 .0 - 7 .5

(7 .4 ·9 .2 )

2 .0 - 2 .5

3 3 ,611 - 42 ,0 14

(2 .5 ·3 .1 )

(9 5 2 - 1 ,1 89 )

1 8 .0 · 2 1 .0

(2 2 .2 ·2 5 .9 )

R ecommendations .f...9..!:. !l!. l specie s :

T otal S pring ROO:


MAF


C km


3 

>


M ean S pring ROO:


MAF


cfs

A nnual ROO:


MAF


Ckm


3


>


· N ote:

R ecreational and L imited Commercial £..!...!.£1L


6. 9· 7 . 5


(8 .5 · 9 , 2 )

2. 3 · 2. 5


3 8 ,65 3 - 42 ,0 14

(2 .8 ·3 .1 )

(1 ,0 9 4 - 1 ,1 8 9 )

1 7 · 21

(2 1 .0 · 2 5 .9 )

S triped B ass

R ecreational C atch

6 .0 - 9 .0

(7 .4 - 1 1 .1 )

2. o- 3 . o


3 3 ,611 ·5 0 ,41 7

(2 .5 ·3 .7 )

(952 - 1 ,42 8 )

1 7 .0 ·2 1 .0

(2 1 ,0 - 2 5 .9 )

The. recommended tota l  spring RDO for several years prior to m igration

and spawning of anadromous fish accounts for 63 .9 ·69 .4X of the normal spring

D elta outflow of 10 .8 MAF. The recommended tota l  annual RDO accounts for 62 .5 ·

69 .8X of the normal annual O elta outflow of 27 .2 MAF. In this case, total



T able 8·1 continued

winter RDO of 8 .5 · 9 .5 

D elta outflow of 13 .8 

account for 62.0 ·7 7 .5X 

MAF will account for 61.5·68.7X of the normal winter

MAF; the tota l summer·autumn ROO of 1 .6 ·2 .0  MAF will

of the normal summer-autumn D elta outflow of 2.6 MAF.

The monthly red is tribution of regulated outflows may d iffe r from the

seasonal averages (especial ly  for winter and spring) provided that their

volumes are able to maintain optimal balanced water qual ity  conditions for the

d ifferent water users.

B ecause, in our investigation, fish landings and indices are ind icators

of the health of the environment, the 3 · and S ·year running mean RDO are

assumed to be responsible for providing optimal conditions for:

L andward m igration, spawning and rearing,

S eaward m igration of juvenl le fish ,

Phy s ica l ,  chem ical and b io l og ic a l  param eters of the entrapm ent zone

< including nutrient supply) as well as its  ultim ate spatio- tem poral

dynamics within the S uisun B ay · C arquinez S tra it a rea ,

A djustment of juvenile to s a l in ity  fluctuations in trans ition zones of the

D elta- S uisun B ay subsystem,

W ater qual ity  In the D elta suitab le for d ifferent water users ,

F lushing intens ity  necessary to maintain adequate water qual ity  in the

esuarine system .

The recommended optimal range of D elta outflow discharges do not preclude

the p os s ib il ity  of additional man· regulated releases , provided these releases

will not resul t In the d es tab il iza tion of the D elta levees (which have

adjusted to impaired runoff and sediment load over the las t forty  years) or in

the development of " shock" conditions for eggs, larvae and juvenile fish .

CONVER S IONS :

Cubic feet per second (cfs) x .0283 17 a cubic meters per second cm

3


/ sec)

A cre feet x ~.23 3  x 10·


6


· cubic k ilom eters (k · 


3

>




In our view, any statement published in the past claiming

that i t  is possible to restore a his torical level of fish

population should be considered erroneous.

The restoration of historical fish levels would only be

possible if his torical levels of unimpaired runoff discharges, by

season and y ear, as well as h is to ric a l  m igration routes of

spawning fish and their habitats were also restored.

M oreover, based on worldwide experience, as well as on the

development of commercial and recreational fisheries on the

Del ta- S an F rancisco B ay ecosystem , future success in fish

landings wil l depend upon the amount of water discharged into

the estuarine system especial ly in the la te winter- spring, rather

than on the production of hatcheries. H atcheries may create the

il lus ion of preventing the extinction of a species but cannot

restore the his torical level of natural fish populations·.

T herefore, only economically and ecologically balanced water

management can adequately guard the interes ts of the estuarine

environment and i t s  water users. 

preserve.
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