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SUMMARY AND CONCLUSION

This report presents evidence that many aquatic species living in the San Francisco
Bay/Sacramento-San Joaquin Delta Estuary have recently experienced serious population
declines. Data and trends for phytoplankton, zooplankton, white catfish, Delta smelt, longfin
smelt, Sacramento splittail, sturgeon, starry flounder, shrimp, striped bass,‘and chinook
salmon are included, as they are generally recognized indicator species representing broader
trends mirrored in other Estuary status reports. Three figures from the report "Status and
Trends Report on Aquatic Resources in the San Francisco Estuary" by Bruce Herbold, Alan
Jasby and Peter Moyle, vividly illustrate these declines (Figures 1, 2 and 3).

INTRODUCTION

The San Francisco Bay/Sacramento-San Joaquin Delta Estuary (hereinafter "Estuary")
is the largest estuary on the west coasts of North and South America. Freshwater runoff
from 40 percent of California's land area mixes with Pacific Ocean water in the Esthary,
creating highly dynamic and complex environmental conditions which have historically

supported a diverse and productive ecosystem.

The upper part of the Estuary, known as the Sacramento-San Joaqﬁin Delta, is
comprised of 1,153 square miles of waterways, marshes, farm, and urban land, while the
downstream portion is made up of the 478 square mile San Francisco Bay. The Estuary
supports many important economic activities; including sport and commercial fishing
(including the commercial bait‘Afishery and the party boat recreational fishery), tourism,

recreation, shipping, industry and agriculture.
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"' The Estuary was essentiaﬁy undisturbed by man until the mid-1800's, when human
impact and development began to intensify. Gold Rush-related activities initiated physical,

| chemical, and biological changes in the estuarine system that would eventually lead to it being

highly modified by human activity.

The Estuary's biological Tesources, partlcularly, have experienced a major
transformation over the last century and a half. Aquatic commumtles, 1ncludmg
phytoplankton (small, floating plants which transform sunlight to food), zooplankton (small
animals that feed on phytoplankton and detritus), bottom-dwellers (benthos), and fish have
undergone extensive change. Many species of non-native aquatic invertebrates; including
clams, oysters, and worms have been introduced into the Estuary in the past century. In

addition, more than 50 fish species that occupy the Delta are not indigenous.

The Estuary s ability to mamtam consistent levels of abundant species has also been
altered over the years. Since the early 1970's and especially since the 1976-1977 drought,
zooplankton and phytoplankton abundance have generally declined in San Pablo and Suisun
Bays. Many fish species dependent on the Estuary for food, nursery habltat and as a
migration corridor are in decline too: the spring-run chinook is down 80 percent while fall-
run is down 50 percent; the stnped bass population has declined by 70%; starry ﬂounder and
Bay shrimp populatlons have declmed listings under endangered species laws for the spring-
run salmon and green sturgeon are acuvely being considered, and petmons for longfin smelt
and Sacramento sphttml have recently been filed. In the past, species such as the thicktail
chub have become extinct in the system. '

It should be recogmzed Mthat the depleted abundance of most, if not all, of these

_ organisms mentloned above were undoubtedly intensified by the recent drought The drought

also restncted the geographic distribution of some species in the estuary. The low flows
which occurred in the last 5 or 6 years are unprecedented in the historical record. St111 it
remains to be seen what the long-term biological consequences of the drought wﬂl be.
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STATUS AND TRENDS OF SELECTED “ .
ESTUARINE SPECIES: A SUMMARY ‘ '

‘PHYTOPLANKTON AND ZOOPLANKT

Phytoplankton are very small usually microscopic, single-celled members of the group
of simple plants called algae. There are many phytoplankton species in the Estuary and most
occur in three general groups: diatoms, dinoflagellates, and cryptomonads. Since these
orgénisms convert the energy of sunlight to food, they are important to the growth or
productivity of other orgamsms ‘as the fundamental building block of the food chain. Clams,

‘ worms, mussels and small zooplankton (aquatic animals) like protozoans, rotlfers copepods

or cladocerans, feed on phytoplankton

|
|
i
|
i
|
|
|
Phytopienkton abundancé is estimated by direct counts of individual organisms or by l
measurmg the amount of plgment (chlorophyll) they produce. Chlorophyll levels (i.e.
- phytoplankton abundance) have dechned in Suisun Bay over the last 20 years (Figure 4).. l '
Further, in that same time fram_e, a prevrously less common phytoplankton species, Melosira '
granulata, has dominated most ﬁhytoplankton blooms. This composition change is signiﬁcant '
because this particular species is not a preferred food source of zooplanktoh.

, ' ﬁ ‘ _ l
|
|
|
|
i
|
|

i
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There are three rmportant zooplankton groups; rotifers, cladocera, and copepods.
" From 1972 to 1979 the rotifer populatlons in the San Joaquin River system have declined to
" less than a tenth of their ongmally measured densities (Figure 5). Average densities of
cladocerans have similarly shown a long-term decline in abundance (Frgure 6). Fmally,
native copepods have suffered 1arge population declines while non-native species have

increased their numbers (thure 7). Neomysis mercedis (an important bass food) abundance |
has declined substantially in Suxsun Bay even though populations have occasmnally rebounded

to hlgh levels (Figure 8).
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BENTHO.

Benthic organisms (benthbs) are animals that live in or on the bottom of the Estuary.

Some burrow into the bottom sediments while others live on the sediment éurface Most

benthic organisms feed by strammg phytoplankton and non-living organic matter (detritus)

from the water column.

With few exceptions, 'all 6f the common benthic species now found in the Estuary
have been introduced: acmdentally or mtenuonally Some spec:es like the Japanese littleneck
clam and the soft-shelled clam support sport fisheries. | '

e

In the northern reach of the Estuary the abundance and dlStI'lbuthﬂ of benthic specxes
is greatly affected by salinity variation. Generally, during high outflow years, some brackish
species (preferring moderately salty water) decline; during low flow years, species preferring
salty water increase. In 1987, however, this pattem did not hold true. Following several

years of very low flow and hlgh salinity, the expected colonization of Suisun Bay by the l

* brackish water species did not qccur. Instead, a recently introduced clam (Potamocorbula’

I TN | mw ol

amurensis) increased remarkabiy in abundance (Figure 9). The impact of this ﬁltér-feeding _
organism on phytoplankton has been dramatic and the fate of this non-native species when

increased freshwater flows return to the system remains to be seen.

SELECTED FRESHWATER, MARINE AND ESTUARINE DEPENDENT SPECIES
Over 200 species of fish, shrimp, and crabs are known to inhabit the Estuafy; each
has unique life processes and utilizes the Bay-Delta system differently. |

12
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igure 9. (From Monroe and Kelly, 1992)
iomass of Potamocorbula and Other Mollusks in Grizzly Bay, 1986-1988
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Bruce Herbold, Alan Jasby, and Peter Moyle, in their “Status and Trends Report on
Aquatic Resources in the San Francisco Estuary," describe the Bay community this way:

present and those which maintain at least part of their population in San Francisco Bay
year—round Probably because of their large populatxons in the ocean, seasonal species
comprise many of the most abundant fishes to be found in the bay...[still] catches of
[ocean] species are seasonal and regularly fall to less than a hundredth of their
peaks...[Some species spawn in the Bay, while] other seasonal species spawn offshore
and rely on density-driven bottom currents, augmented by tidal forces, to carry their
offspring in the bay...Species that rely on bottom currents for transport should be
adversely affected by low river outflow because low outflow cannot provide the

density stratification necessary to propel ocean water into the Bay.

Resident marine Species often fluctuate in their abundance in the Bay from year
to year, apparently in response to the distribution of marine waters. Most of these

species are benthic..."

Estuarine species are those whose spawhing can occur in marine or freshwater, but
brackish water habitats prdvidé critical nursery areas. Thus the bay can also act as a
migration corridor for some species. Freshwater fish are those that spend their entire life in

freshwater habitats. Marine species spend their lives predominately in salt water habitats.

What follows is a presentation of some data and trends that have been developed for

particular species.

1. White Catfish

White catfish are a non:r)ative species intrbduced into the Sacramento-San Joaquin
Delta in 1874. Conditions were apparently favorable and their abundance rapidly increased,
leading to a commercial fishery until outlawed by the State Legislature in 1953 White
catfish has become an 1mportant sportﬁshery in recent yea:s ‘

14
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= ~ Population estimates of adult white catfish have not been made since a 1978-1980
study. However, data from three independent sources (sampling during striped bass surveys,
fall surveys and salvage at the State and Federal fish screens) indicate that abundance of white
catfish has declined severely since the mid-1970's (Figure 10). Available evidence indicates
catfish rgproduction has been concentrated in the south and east Delta, and that this source of

recruitment of new fish to the overall catfish population has greatly diminished since the early
1970's. '

2. Delta Smelt o ,

The delta smelt is a smail; slender-bodied fish, with a typical adult size of 2-3 inches,
although some may reach lengths of up to 5 inches. They are fast growing, short-lived, and
feed entirely upon zooplahkton.‘fFood studies indicate that the diet of smelt larvae (just
hatched fish) consists of small copepods and, as they grow, larger copepods Delta smelt

spawn in freshwater or in shghtly brackish water.

) Delta smelt are only found in this Estuary, and have been collected as far up the

Sacramento River as the mouth of the American River, and at Mossdale on the San Joaquin

River. Their normal downstréém.limit appears to be western Suisun Bay, although during

episodes of high Delta outflow they can be washed into San Pablo and San Francisco Bays.

!

G AR

Various types of surveys have charted the abundance of delta smelt since about 1959,
and information from seven of these independent data sets has demonstrated a dramatic

~decline of the Delta smelt populatlon with particularly low levels recorded since 1983
(Figure 11). :

Notably, the abundance index based on fall sampling, which provides the best measure
of population trends, has declined from values between 1,000 to 1,500 between 1970 and
1974 to values in the 300400 range in the late 1980's and early 1990's. The other indices

used to measure abundance remained consistently low during this entire period as well.

15
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As to 1992 population levels, the abundance index for September was 71.5,‘ down from 126
in September 1991 The October index was 3.5 which represents a total of 2 smelt captured!

7 This i is the lowest index ever for October and the second lowest index for any month. It is

felt that for some reason the sample program missed the populatlon For all of 1992 the

.....

The geographic distributfbn of delta smelt is also of interest. Historically, when
populations were at higher levels, Delta smelt were distributed throughout the Estuary
because smtable habitat was more w1dely avallable Recently, however, the population has
become heavﬂy concentrated in the lower Sacramento River, between Collinsville and Rio

Vista. Looking at the dechne by geographical areas, it is apparent that it began earlier in the

~ south and east Delta then in the rest of the Estuary. This geograph1ca1 1mpact is consistent

with the dechne observed in whlte catfish abundance.

Alarm over the observed ‘declines of Delta smelt prompted the U.S. Fish and Wildlife
Service (USFWS) to list it on the Threatened and Endangered Species list in March, 1993 and

recently the Cahfomla Fish and Game Commission listed it as threatened under the California

Endangered Spec1es Act.

3. Longﬁn Smelt

Longﬁn smelt are fo'und in fresh, brackish and marine waters frorn San Francisco Bay
to Prince William Sound in Alaska In California they occur in numerods rivers, estuaries
~ and bays between the Oregon bordet and San Francisco Bay These fish spawn in the lower
Sacramento and San Joaquin RlVCl‘S, the Delta and the freshwater portlons of Suisun Bay.
During their second year of hfe, they inhabit most of the Bay and occasionally venture into
the Guif of the Farallones. In most years, the entire life cyCIe of longﬁn:smelt is carried out
in the Estuary Larvae, Juvemles, and adults are eaten by predatory fish, blrds and marine

mammals, and are an 1mportant component of the estuarlne food cham

L o 18
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The most accurate index of longfin smelt abundance in the Estuary comes from a fall
sampling program which began in 1967. Since 1967, the longfin smelt abundance index has
fluctuated widely from year to year (Figure 12). Since 1982, when the index was 62,929,
values have dropped precipitously until the 1992 level of approximately 73 was reached. A
characteristic of the ﬂuctuationg in longfin smelt abundance is that they are closely correlated
with freshwater flows between February and May. No s1m11ar relauonshlp exists for Delta

smelt.

The reduction in longﬁr%‘;smelt abundance has prompted parties to pétition the
U.S.F.W.S. to list this fish under the Endangered Species Act as well.

4. Sacramento Splittail

}
S

, The splittail is a large nzinnow endemic to the Estuary. They are relatively long lived
fish, reaching over 14 inches ivrrtﬁlength by their fifth year. Although“'considered a freshwater
- species, adultsy and sub-adults !rave an unusually high salt tolerance.
The loss of spawning and nursery habitat as a result of reclamatlon activities has
srgmﬁcantly impacted the sphttall population. Historically, the splittail could be found in low
elevation waters of the Central Valley, from Redding to Fresno. Currently, thelr abundance
and distribution is much more limited. They are now only found in the lower reaches of the
Sacramento and San Joaquin Rivers, the Delta, Suxsun and Napa marshes, and tributaries of

north San Pablo Bzry. - ' | o '

Abundance indices of splittail have varied over the years. They were relatively high

in the late 1960's and then dechned severely until 1977. From 1977, abundanoes increased

~ until an all time high was reached in 1983. After that period the indices agam decreased to
3.6 in 1992, (Table 1) ‘
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Table 1. Splittail Indices of Abundances for 1967 to 1992 Based
: - on Midwater Trawl Catches.

' Year ° Index Year Index _ Year Index
R 66. 3 1977 0.0 1987  28.6
I 1968 18.1 1978 37,2 1988 . 9.0 .
= 1969. . 15.4 . 1979 . 1989 4.1
= 1970 25.4 1940 17.0 1990 9.0
_l 1971 17.4 181 18.3 1991  17.9
- 1972 12.5 1982 . 118.6 1992 3.6
fl 1973 4.4 1583  153.2 o
1974 - '. 1984 16.2

l 1975 3.6 1285 14.9

- 1976 0.7 1986 57.7

_' .
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N |

|

l |
1
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~ Because of their reduced abundance Sacramento splittail are considered a species of
special concern by the Cahforma Department of Fish and Game (DFG) and a petition has

been submitted to USFWS to hst_ithem under the Federal Endangered Species Act.

5. Sturgeon

J

White sturgeon is a native anadromous (spawn in fresh water, migrate to ocean for

_ adult stage) ﬁsh in the Estuary and the object of an important and growing sport fishery.
~ Another native species, the green sturgeon, is much less common in the Estuary and legal-

sized fish are seldom caught. White sturgeon make less extensive ocean migrations than

green sturgeon and spend most of their life in the river and estuarine environment. These

fish are long-lived and late-maturing. Their longevity allows them to reach a large size,

reportedly as large as 1,300 pounds at over 100 years of age.

Sturgeon spawn in bothf'it;he Sacramento and 7San Joaquin Rivers, but studies indicate
more white sturgeon breed in the Sacramento River than in the San Joaquin. Increasing
freshwater flows appear to trigger spawning. Larval movement and dispersal is also
dependant on river flow, thus, the location of the nursery area of young fish appears to move
farther downstream as flows i mcrease |

Historical accounts 1nd1cate that a commercial ﬁshery greatly reduced the estuanne
whlte sturgeon population in the late 1800's. As a result, all sturgeon ﬁshmg was proh1b1ted
in 1917. The fishery was reopened to sport angling in 1954.

White' sturgeon life hiéfory and population dynamics have been studied irfiermittently
- since the sport fishery reopened Abundance estimates have varied substantlally dunng that

time (Table 2), which may be related to 1mprecxslon in the estimation process.
_ -
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Table 2. Abundance Estimates of White and Green Sturgeon Greater
than 102 cm in Length.

T T

_ Year White " "White:Green Green
=_ 1954 11,200 56.5 198
l 1967 114,700 62.0 1,850
= 1968 40,000 38.6 1,036
l 1974 20,700 101.9 203
1979 | 74,500 52.6 1,416
' 1984 ' 128,300 106.3 1,207 ]
1085 - 96,200 127.3 756 "
. 1987 84,000 163.7 513
. 1990 26,800 49.7 539
|
i
_'
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6. Pacific Herring

Pacific herring support a'rlarge fishery in the Bay. The spawning population has been

relatively stable with the largest 'variation associated with the El Nino condition of the 1976-
1977 drought (Table 3). |

7. Starry Flounder

Starry flounder are nati;;e to San Francisco Bay. They range from Santa Barbara
northward to arctic Alaska, then southwest to the Sea of Japan. Starry flounder adults inhabit’
‘shallow coastal marine water, ;uhereas juveniles appear to be estuarine—deﬁendent and seek

out fresh to brackish water areaﬂs of bays and estuaries for nursery purposes.
x

LR N N VTN TR T TN YR

Starry flounder are a moderately important part of the sport ﬁsher§' in California. As
a result, the longest historical record of starry flounder numbers in San Francisco Bay comes

from the sport fishery 'logs. Most of the starry flounder catch has occurred in San Pablo and l

Suisun Bays, but only catch data for San Pablo Bay is provided here (Figure 13). This
information suggests that the fishery has declined in the Bay since the early to mid 1970's.

i
I

A more recent data base using a biological sampling program, has also demonstrated

dechnes in abundance indices startmg in 1983 (Figure 14). Although abundance ﬂuctuated
upward somewhat in 1990 and 1991, overall abundance has been consxstently low since 1986.

Such continued low indices indicate that recruitment to and/or survival of starry flounder in

w1t

the Bay has been very poor for the past five years. The role of the recent drought in these

declines is unknown.

24
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TABLE 3 - Annual Spawning Biomass of Pacific Herring

from the Period 1974-1990

YEAR etric Ton
1974-75 . 27
1975-76 . 25
1976-77 22
© 1977-78 4
©1978-79 ' 33
1979-80 46
1980-81 ‘ 65
1981-82 99
1982-83 59
1983-84 41
1984-85 47
1985-86 49
1986-87 57
1987-88 69
1988-89 ‘ 66
1989-90 71
= l i
?II 25
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Figure 14. -~ CDFG Bay Study starry flounder young of the year (YOY) and one year oid

(ONEPLUS) annual indices based upon otter trawl sampling from May through

~ October and February through October for YOY and ONEPLUS fish,
respectively. Data for 1989 represent sampling through August only for
each age group. Data for 1991 are preliminary.
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8. Caridean Shrimp

ﬁr_an__mL C. nigricauda, Q_.__gr_o__agu_ata.__epjagmus_p_m and Palaemon
macrodactylus. 'Heptacarpus and the threé species of Crangon are native to the Estuary while

- Palaemon was accidentally mtx'oduced from the Onent in the 1950's.

: Qr;angg_ ssp. are comrnonly referred to as "Bay shrimp® and Palaemo n as pﬂe
shrimp"; collectively they are often referred to as "grass shrimp". These species are fished
commercially by trawl ﬁshermen in the Bay and are primarily sold as bait. Earlier in this
century, when there was a large ‘market for dried shrimp, over three million pounds per year
were landed (Figure 15). Since 1980 this fishery has landed between 100,000 and 200,000
pounds of shrimp per year. Dunng the recent drought the fishery has concentrated in the
AiViso Slough and Redwood Creek areas of the South Bay. Since 1985 shrimp fishermen
have been prohibited from ﬁshing in the area upstream of Carquinez Strait to protect juvenile
striped’ bass.' Occasionally, cornmercial fishermen are not able to meet demand because of a

scarcity of large shrimp suitable for bait (Reilly, per. comm.).

Each of these shrimp speeies utilize the Bay as a nursery area to a {/arying degree.
Timing of laryal hatching and juvenile recruitment to the Bay is slightly different for each
species, dependingl on geographic, temperature and salinity variables. Palaemon v
macrodactylus is umque in that it remains in the Bay throughout its life cycle. Adults are
-most common in Suisun Bay, the west Delta and areas adjacent to freshwater sources such as
the mouths of creeks in South San Francisco Bay and San Pablo Bay.

" Aside from the commercml catch data mentioned above, dependable abundance indices
for these shmnp species are only available since 1980 (Figure 16). The most important

observation to note is that there has been a change in the species composition of the catch.
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Figure 16, Quarterly abundance indices for the five major species of shrimp in the
. Bay, 1980-1991. Quarters begin in February (February-April, May-July,
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In the ea'fly 1980's Crangdn franciscorum dominated the catches, while in the late 80's
and early 90's C, nigricauda, C. nigromaculata and Heptocarpus dominated. This change

~ was caused by the differences in salnuty preferences of the shrimp species and a series of

dry, low outflow years. C. franciscorum is strongly related to the amount of freshwater

outflow in the spring, while the other species do better in drier, low flow years.

‘Further information existé’%n the total biomass (weight of shﬁmp available for food
sources in the ecosystem) during _the 1980-1991 period. This information shows that the
shrimp biomass during the 198'81'1990‘perio‘d was 20 percent less than the average biomass in
1981 and 1985 and 55 percent less than the average index for the remaining years. This is
because most of the increase in numerical abundance in recent years was composed of
smaller, immature C. nigricauda aﬁd C. nigromaculata rather than larger individuals.

e

- 9. Striped Bas

-

Striped bass are non-indigenous to the Bay-Delta. One hundred and thirty two small
bass were introduced in 1879. Soon thereafter, siriped bass were being caught in such large
numbers that by 1889 they were being sold in San Francisco markets. In another 10 years
the commercial net catch, alone, was averagmg well over a million pounds annuaily. In

1935, however, all commercial fishing for striped bass was stopped in order to enhance the

sport fishery.

Striped bass begin spawning in the spring when water temperatures reaches about 60
F. Most spawnmg occurs between 61 and 69 F and the spawning period usually extends

from Apnl to mid-June. "Stnpers spawn in freshwater where there is moderate to swift

current.

The secuon of the San Joaqum River between Annoch Bridge and the mouth of
Middle River, and two other channels in the same area, are 1mportant spawmng ‘grounds.
. The Sacramento Rwer, between Sacramento and Colusa, is another important spawning area.
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About one V'half to two thirds of the total striper eggs are spawned in the Sacramento River,
and the remamder in the San Joaqum portions of the Delta. In wet years, some spawmng

occurs 1n the San Joaquin River above the Delta

Stnped bass are very pro%ﬁc A five pound female may spawn 180,000 eggs in one

| season and a 15 pound fish is capable of producmg over a million eggs. This great

reproductron potenhal and favorable environmental conditions contributed to the striped bass
establishing a large populauon Wlthln a few yws after their introduction to the Estuary.

1
|

\ g

wwwww

Abundance in the system probably reached a peak of 3 to 4.5 mﬂhon fish. From the

~ mid 1960's through 1976, the populatron was stable at 1.5 to 2 million fish. However, the

populauon of legal-swe stnped bass in the Estuary has decreased substanually in recent years.

Because of the dechne m bass abundance, recent research efforts have concentrated on

| factors wh1ch affect populatlon srze Consequently, circumstances affectmg survival of bass

during their ﬁrst year of life (when mortality is greatest) have been studled Another phase

- of the stnped bass research program is the development of reliable measures of adult

population size and the number of young fish entenng the fishery annually. Adult population
- estimates are made through extens1ve taggmg of legal—srzed stnpers during their spring

~ Since the early 1960's yv{hen the annual recreational striper catch »vas relatlvely high,
the catch has dropped to about 100 000—200 000 fish. Based on 1990 population estimates,
the number of legal-sized adult stnped bass fell to a record low of approximately 680,000 fish
(Figure 17). Of these fish, approxrmately 90,000 were raised in hatcheries and stocked into
the Estuary as yearlings two or more years earlier. Thus, the 1990 estimate for naturally

* produced fish is only about 590,000 fish. The abundance estimates of 1.2 million total _
stnped bass and 960,000 naturally produced adult bass in 1991 are. consrderably greater than

those for 1990
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The 1991 est1mates are not as rehable because the estimates for age 3 fish (the most
numerous group) make up one~half of the total estimates and are based on Jan madequate
recapture sample of only two tags during the entire fall creel census. Due to recent concerns
about predatxon on winter-run salmon, the hatchery propagaton program has been suspended.

The adult bass decline pnmarlly reflects a decline in the number of new ﬁsh reaching
legal-size. Estimates of the abundance of 3-year old fish, which are the youngest and most
numerous component of the adult populanon, have been declining, and were at record lows in
1990. The lower recruitment of 3 year-old fish accounts for 76 percent of the adult bass
decline and the remaining 24 petcent of the decline is a result of changes ln estimated
survival of the adults themselves. | | "

In addition to the declme in adult bass, there has also been an 1rregular but steady

decline in production of young stnped bass that extends back to the m1d—1960 s (Flgure 18).
10. Chinook Salmon
Chmook salmon, also called king salmon, spawn in fresh water but spend ‘most of

their adult lives in the ocean. They are the largest of five species of salmon natwe to the

Pacific coast of North Amenca Chinook salmon and steelhead rainbow trout are the

pnncxpal salmomds usmg the Estuary There are four distinct salmon runs in the Sacramento

system that are named for the’ season of their upstream mlgratmn sprmg, fall, late fall, and
.winter. Today, fall run are the pnncnpal run found in the Sacramento and the only run found
in the San Joaquin drainage. About 80 percent of all four runs of the Central Valley chinook

are produced in the Sacramento River basin. Typically, over 90 percent of all Central Valley |

spawners are fall run fish.

Spawning occurs wher€ gravel size, porosity of the gravel bed, and water velocity
enables the female to build a spawnmg redd (nest) and depos1t eggs to be fertilized and

covered.
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Successful incubation of the eggs 7(50 to 60 days) requires flows which will remove waste
products and silt, yet will not wash the eggs downstream. Temperature and dissolved oxygen

conditions also affect hatching success.

The young salmon emerge from the gra‘vél about 30 days after hatching The young
free-swimming "fry", inmally about one and one-quarter inches long, rear for a few months
in riverine or estuarine habitat, feedmg on insects and zooplankton. Upon reaching about
three inches in length, the fry undergo physiological changes, "smoltification”, which enables
them to survive the transition from fresh to salt water. These salmon are called smolts.

|
4

‘‘‘‘‘

Smolts enter the ocean at vanous times of the year, depending on the run, to begin
their growth to the adult stage. Central Valley chinook typically remain in ‘the ocean from

‘two to four years before they begm their return to freshwater to spawn and die.

1

Natural salmon populatlons have been augmented by hatchery producuon Smce the

I
I
I
|
|
i
|
I
I
early 1970's, juvenile chinook salmon produced at the Feather River, Nimbus, and I
I
i
i
|
i
I
i
|

Mokelumne River hatcheries haye been trucked and released downstream. Today, the fry
produced at these hatcheries are released adjacent to Cafquihez Strait. In éontrast, salmon
produced at Coleman National Fish Hatchery continue to be released in the upper Sacramento

River.

The release of hatcheryjﬁsh in the lower estuary has substantially increased survival
and enabled a relatively strong ocean ﬁsheiy fo remain stocked despite reduced natural
salmon populétions. The success of the hatchery program, however, increases the risk of
overharvesting natural stocks or Coleman fish that must through the Delta.

Monitoring of salmon in the Estuary is subdivided into various geographio region55
the Sacramento basin, the San Joaqum basin, and the Delta (other basms exist out of the

Estuary drainage, i.e. Klamath basin and smaller coastal streams).
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DFG, the USFWS, the U. S. Bureau of Reclamation (USBR) have all, over the years;
counted salmon at various times a_nd places in these basins. Some counts were made as early
as 1937. Since ‘:1953 DFG has made annual estimates of spawning fish on each of the major
nver systems. The counts include both young adult and adult fish from both natural and
hatchery productmn They are usually referred to as estimates of spawning "escapement”
since they describe the numbers of chinook that have escaped the ocean fishery and returned

to spawn.

SpaWMng runs of chmook sal.mon from all areas, since the regular counts started in
1953, have ﬂuctuated greatly (Figure 19). In the last 20 years, the total runs have been
averaging about 250,000 to 300,000 fish. ‘

The remainder of this section will discuss population trends of the various salmon runs

in the Sacramento and San Joaquin River Basins.
Sacramento River Basin:

An estimated 116 900 adult fall-run chmook salmon returned to the Sacramento
River basin in 1991, about equal to the 1990 estimate of 107,300 ﬁsh but 36 percent
below the 10-year average of 171,500. The precipitous declines in salmon numbers in
the Sacramento system are even more apparent when compared to orosperous years
such as 1985 and 1986, when the spawning escapement estimates were 230,800 and
235,000 adults, respectively Fewer than 40,000 fall-run fish were projected to make
the run in 1992 (84 percent of 1991 and 45 percent of the 1982-91 average) (Figure
20). In 1992, DFG estimated that about 10,400 late fall-run salmon were present in
the upper Sacramento River. The 1991 estimate for late fall-run was 8,600 (Figure

20).

37

B—000336
B-000336



1€£¢000-9

L€€000—194

. ,“‘W,l LEAI R RN | ) \ll\l\\ﬂ!‘llu.\\lu!‘!!._\HIIIV_ L1 S 7 | ) U ) | HHH,IH,‘ HUJ LI 7!7 I\ I 7\ iy .Ill I I!\ ‘H,H Il !7\ [ U N 1N N [T \I\!l\l!!}ﬂlﬂ\l V_I}\IH\ I !Il[I!A!\I’,M[II, W”l!l I H\IV 7|\ | !,WH [ ‘\ |‘
, *(veel
T35UNC) JUSWEDBRUEN BITIBYST4 OTJTOVd ‘€861 874034 'CL6T aot14el) L861-£561
UouITes HOOUTYD Aau'w\ 1ea3ua) jo juauadedss butumeds (w30l - ‘61 aandtyd
| Joay 7
€861 BL61 <L61 2961 <961 236l s6l
' [T S N W UHNY W U U WY WA Y WS NN WS GHUY U W Y W W | T ll‘o
NINNNNNNNNNNNNNNNNNNNNNNNNNNN
NINNNRNRNNNNNNN NN NNNNNN NN NN N NN N NS
NININNINNNNNNNNNNNNNNNNNNNNNNNNNNN- oot
| i ‘
\\N\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\
ININININININNININDNINININNINNNSND NNNNNNNN SNNS
1o U | h | ooz
% NBINN B ANNNNSNNNNS NNNNNNN S NN
N N N DN NNNN \\““\\i NN 2
~C
et [ = -4
h N BNN N NN NNN™ % 33
N NN NNN cq
39
N ND N oov @
N NN N NN Vg
. B N NN
NN - e e e
N
N ,
| |- ©08
0oL

o
R




8£€000-9
8¢¢000—149d

0661 S861 0861 SL6T 0L6T . '
i I D IS NS N NN SN NN NN NS NN AN A NN NS NUU SN JUN SN SEE N I ;
4 o
07 .
|
o 5
=
£
09 g
)
-
fos 2
=
001
| fouds.o a9 ‘
vy
071

$200Y uns-gursdg puv uns-sa3uig
2661 y3noayp L96T

SIN1OD HSI4 Wvd NOISYIAIQ 4NTd AIA ”
0661 S86T 0861 SL6T _  OL6T ';
1! H H } 1 1_J 1 1} ! | I T 1 1 ) N T | )] H ) 1 ! 0 g
g E
4
= J
£
--------------- Pl o IV NT e I — [ ccomcomoeo oo OV
0y
091
520DY 1vf-2307 puv §oJ o
661 Y3noays L96T o

S.LMﬂO:) HSIA NVA NOISYHAIA &Hﬂqﬂ aay oz CRI[IBI& ,




1
|
\

. DFG estimated that fewer than 500 spring-run ﬁsh used the Sacramento River
above Red Bluff in 1992 Thls estimate replaces the 1991 estimates ‘of about 800
spring-run chinook salmon as the lowest number ever recorded. In the late 1960's the
'sprmg-run numbered in the 20,000's. ‘

Wmter-run chmook salmon counts started when Red Bluff D1vers1on Dam was
completed in 1967, and numbers have steadlly declined from about 118 000 fish in
1969 to an estimated 1 200 fish that returned in the 1992 season. Even though the
1992 estrmate is very low compared to the late 60's, it still represents a six-fold

increase over 1991's estlmates of about 200 fish. DFG expects low returns of winter-
run for the next several years As a result of these low numbers, the State Fish and
Game Commrssron has hsted this ﬁsh as endangered under Cahforrua law, and the

Federal Endangered Spec1es Act triggering significant restoration efforts aimed at

raising levels to more acceptable numbers. NMFS has also proposed the Sacramento

River, Bay-Delta and San Francisco Bay as critical habitat for w1nter-run salmon.

|
J
I
‘ .

Annual populatron surveys have been taken in the San Joaqum Basin since the
early 1950's. During that tlme, the annual populatlons of salmon have experienced
wide fluctuations (Figure 21) The 1991 counts of fall-run chmook salmon produced
an estimate of about 1, 100 fish well below the 76,100 that retumed in 1985. Of the
total, about 500 returned to the Mokelumne River and the remammg 600 fish were

scattered among the Stamslaus, Tuolumne, and Merced rivers - of Wh.lCh about 200
strayed into Mud Slough near Los Banos. ‘
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Figure 21. Recent Fall-Run Chinook Salmon Escapement in the San Joagquin Drainage
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Summary--

ot v i

Tradmonal mdlces of salmon populahons suggest that most runs of chmook

'salmon in the Estuary and its watershed have declined significantly i in recent years,

with httle evidence suggestmg near-term improvement. Declining numbers for
1992/93 have ah'eady been documented for some runs in spite of additional restncnons
imposed on commercial and sport ﬁshenes both inland and in the ocean.

|

It should be noted that a few stream systems, such as the Feather and the

- Amenca Rivers (Sacramento Basm), which are supported by an effectwe hatchery,

‘have mawlntalned sufﬁcxen} populations of salmon»through the 1991 season. In general,
the eyerage runs in thesé"friver’s ‘have approximated or exceeded the abundance of

salmon i)ﬁor to the completion of Oroville and Folsom dams.
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