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Report to the Fish and Game Commission:
A status Review of the

Delta Smelt (Hypomesus transpacificus)

in California"

EXECUTIVE SUMMARY

This report reviews evidence pertaining to a petition presented to the Fish and Game
Commission by the Department of Fish and Game to list the delta smelt Omesus
' transpﬁciﬁdus) as an Endangered Species under the authority of the California Endangered

Species Act (Fish and Game Code Sections 2050 et seq.).

On April 2, 1993, pursuant to the Section 2074.2 of the California Endangered
Species Act (CESA), the Commission determined that the petition contéined sufﬁcient
information to indicate that the petitioned action may be warranted. Pursuant to Section
2074.6 of CESA, the Department undertook this review of that‘petition. Based on the best
scientific information available on the delta smelt, the Department has evaluated whether, in.

- fact, the petitioned action should be taken.

Findings
The delta smelt is a small fish endemic to the Sacramento-San Joaquin Estuary. Delta

1/ Prepared May 1993.
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smelt are euryhaline and much of the year are typically most abundant in or immediately
- upstream from the entrapment zone, where incoming saltwater and outflowing freshwater
mix. This species feeds exclusively on zooplankton, spawns in freshwater, and usually only
lives for one year. |

Information from seven different data sets all indicate that the population of delta
smelt has declined substantially"s_ince the late 1970s or early 1980s. ’I‘he summer townet
survey indicates that the average bopulation since 1982 has been less than one-sixth of the
average population level from 1959, when the survey begaﬁ, to 1981, énd the population in
1992 was less than one-eighth of that average. Based on the fall midwater trawl survey, the
average population since 1982 has been less than one-third of the average population level
from the initial survey in 1967 to 1981, and the population in. 1992 was less than one-fifth of

that average.
Conclusions

The Department finds that the delta smelt should be listed as a threatened species,
based on Section 670.1(b) of Title 14 of the California Code of Regulations and Section

2072.3 of the Fish and Game Code. The Department’s ﬁndihgs are based on the following:

1. While the rélationship between delta smelt abundance and water diversions is not

clear, all life stages of delta smelt are vulnerable to entrainment in these diversions.
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Large losses of pre—_spawning adult smelt entrained when the major water projects
escalate pumping in winters following major drbughts (eg. 1977-1978) may be
particularly harmful. It is relevaht that delta smelt are ecologically similar to young
striped bass which have been severely impacted by water divefsions,. Whether of not
water divérsi’ons are directly responsible for the delta smelf population decIine, their |

e

drain on the population may be a significant factor inhibiting recovery.

Delta ‘smelt are threatened by habitat modifications which include changes in the
character and position of the salinity gradient. An increase in salinity in Suisun Bay
caused by increased water diversions, upstream storage, and the extended drought has
constricted the delta smelt to only a portion of its former range. Other habitat

alterations include changes in food items and the introduction of exotic species.

The recent decline in the copepod, Eurytemora affinis, a major diet component of the

delta smelt, m_usi be considered as a potential threat to the smelt’s recovery unless

other food resources such as Psendodiaptomus forbesi compensate or Eurytemora

recovers to its former abundance.

A number of exotic fish and invertebrate species have been introduced into the
Sacramento-San Joaquin Estuary. Although none of these species can be directly
linked to the decline in delta smelt, their presence has led to distinct changes in the

biota of the Estuary and may inhibit the smelt’s recovery.



Low spawning stock levels may inhibit potential for population recovery. The
relatively low fecundity of this species and its planktonic larvae, whiéh undohbtedly
incur high rates of mortality, indicate that year class success of the delta smelt must
depend on reproduction by fairly large numbers of fish.

The years of the delta smelt decline are characterized either by outflows that were too
low to transport young fish to their optimum habitat in Suisun >Bay, or by
exceptidnally high outflows that may have transported larvae beyond Suisun Bay into

the western Estuary.

'The wakasagi, a closely related species introduced into several reservoirs in the Delta
drainage has now been found in the American River below Nimbus Dam. The
wakasagi potentially could compete with the delta smelt and/or hybridize with it and

dilute its gene pool.

Although there is no direct evidence of delta smelt suffering direct mortality or stress
from tdxi;: substances; such substances cannot be eliminated as having adverse effects

on the population.

Diseases and parasites of delta smelt have never been studied; thus, there is no
evidence concerning their role in the population decline. After several years of

intense study on all aspects of the life history of delta smelt there has been no
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evidence that disease or parasites have played a role in the decline of this species.
Howevér, should they be found to be important, they could prevent the recovery of

delta smelt from.currentvlow population levels.

Although competition and predation cannot be ruled out as threats to delta smelt, the
available evidence suggests that they are not a major threat. In fact, several potential
competi'tors or predators also show signs of population erosion approximately

coinciding with or preceding the decline of delta smelt.

The delta smelt population trend, certain life history attributes, and environmental
threats tend to support listing. However, the Department of Fish and Game believes
that the population is not in'limminent da‘riger of extinction, thus does not warrant
lisﬁﬁg as endangered. Based on the Best scientific information available (Section
2074.6 CESA), the Department believ_es that the most prudent actiqn is to list the

delta smelt as a threatened species.
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'Recommendations
Listing:

1. The Commission should find that the delta smelt is a threatened species.
2. The Commission should publish notice of its intent to amend Title 14 CCR 670.5 to
" add the delta smelt (Hypomesus transpacificus) to its list of Threatened and

Endangered Species.
Management and 'recovei'y objectives:

1. Modify pumping strategies at the State and Federal Water project diversions to reduce

entrainment losses during periods when delta smelt are most vulnerable.

2. Provide spring and summer Delta outflows that will maintain the entrapment zone and
major delta smelt nursery in the Suisun Bay region where food supplies are greater
than in the Delta and exposure to diversions is minimal. This would increase the

amount of suitable habitat available to delta smelt.

3. Evaluate losses to agricultural diversions in the Delta. Screening these diversions

probably would reduce entrainment and losses of delta smelt to local crop irrigation.
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Relevant studies by the Department of Water Resources began in 1992,

4. Monitor compliance of ship ballast water discharges to the International Maritime
Organization’s "Guidelines for Preventing the Introduction of Unwanted Aquatic
Organisms and Pathogens from Ship’s Ballast Water and Sediment Discharges". Such
mo'nitoring will provide a basis for judging wlheth'er additional regulatory action is

warranted to reduce the risk of introducing unwanted freshwater and estuarine

organisms.

5. Remove water project diversions from the Delta. Moving the diversion intakes to the
Sacramento River upstream from the major smelt nursery area would do this and also
provide benefits to delta smelt and other species which formerly made more use of the

Delta.

6. Continue to develop pond culture techniques for the purpose of creating "refuge"”

populations.

Public Responses

Comments were invited in response to the -current petition in a Public Notice dated,
April 2, 1993 (Appendix A-1). Comments received are in Appendix A-2. Scientific

comments in response to this current report will be addressed as part of the regulatory
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proceedings should the Commission find that the petition warrants action.
During the twelve-month review period preceding the 1990 status report (Appendix
B), the Department contacted a number of affected and interested parties, invited comment

on the petition and our draft status review, and requested any additional scientific information

_ that may be available. A copy of the Public Notice and a list 6f parties contacted are

e

contained in Appendix A of that report. Also, a summary of comments on the draft status

review is in Appendix B of that report.
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Report to the Fish and Game Commission:
A Status Review of the

Delta Smelt (Hypomesus transpacificus)
in California

INTRODUCTION

Petition History

On June 13, 1989, the California Fish and Game Commission (Commission) received
a petition from Dr. Peter B. Moyle of the University of California at Davis, requesting State
listing of the delta smelt (Hypomesus transpacificus) as an Eﬁdangered Species (Appendix A-
3). The California Department of Fish and Game (Department or CDFG) reviewed the
petition and recommended to the Commission that they accept‘ it as complete pursuant to
Sections 2072.3 and 2073.5 in the California Endaﬁgered Species Act (Fish and Game Code
S_ections 2050 et. seq.) and that the peﬁﬁoned action may be warranted. On August 29, 1989
the Commission accepfed the Department’s recommendation and designated the delta smelt as
a Candidate Species as provided for in Section 2074.2 of the California Endangered Species '
Act (CESA). That action initiated a twelve-month review period pﬁrsuant to Section 2074.6
of CESA in which the Department reviewed the best scientific evidence available on delta
smelt and provided a written status report evaluating whether the petition was wan‘ahted. On
July 27,7 1990, the Department ._Submitted Candiaate Species Status Report Number 90-2

entitled: Report to the Fish and Game Commission: A Status Review of the Delta Smelt

(Hypomesus transpacificus) in California (Appendix B). In this report the Department

recommended listing the delta smelt as a Threatened Species (Appendix B, Executive



Summary).

At their August 30, 1990 meeting, the Commission found that pursuant to Sectionj
2075.5 of the Fish and Game Code the delta smelt_did not warrant listing as an éndangered
or threatened species. But in a letter dated September 14, 1990 (Appendix A-4), the

Commission did direct the Department to:
"coordinate with the Department of Water Resources and other related
agencies to immediately commence whatever studies are needed to monitor the

Delta smelt population and to address the following management and recovery

objectives:

a. Improvement of species identification and fish handling procedures at
the existing State and Federal Water Project diversions from the Delta
to reduce present entrainment losses to these major diversions.

b. Modification of pumping strategies at the State and Federal Water

' Project diversions to reduce entrainment losses during periods when
Delta smelt are most abundant.

c. Increase of spring and summer Delta outflows to mamtam the
entrapment zone and major Delta smelt nursery in the Suisun Bay
region where food supplies are greater than in the Delta and exposure
to diversions is minimal.

d. Support for regulai;ions restricting ship ballast water discharges to
eliminate or minimize new introductions of potentially harmful exotic
species.

e. Evaluation of losses to agncultural diversions in the Delta. Screening

these diversions probably would reduce entramment and losses to Tocal
crop irrigation.

f. Consider the development of pond culture techmques for the purpose of
creating "refuge" populations.”

" In response to the Commission directives, the Department met with representatives
from the Department of Water Resources (DWR), U. S. Fish and Wildlife Service
(USFWS), U.S. Bureau of Reclamation (USBR), State Water Resources Control Board
‘(SWRCB), University of California researchers (Drs. Moyle and Herbold), and outside

contractors. This meeting and a series of "pilot” studies performed in 1991 laid the



groundwork for a delta smelt study which was fully implemented jn January of 1992.
Funding for this work was provided by the DWR and the USBR.

Based on the Department’s 1992 annual report on the status of the delta smelt
population (Appendix A-5), the Commission decided to review the status of delta smélt |
during their February 5, 1993 meeting. At this February meeting, the Commission décided
not to vote on listing due to a legal issue. They did, however, request the Sezre;ry of -
Resources té maintain an open dialog with the USFWS (Appendix A-6).

On March 15, 1993, the Department petitioned the Commission to list the delta smelt
as a Threatened Species (Appendix A-7). On April 2, 1993 the Commission accepted thé
Department’s petition and once again designated the delta smelt as a Candidafe Species as
provided for'.in Section 2074.2 of CESA. That action inifiatéd a review period pursﬁant to
Section 2074.6, within which the Departrﬁent must review the best scientific information

-available on the delta smelt and prdvide a written report indicating whether the petition is
wa.rrantéd.
Department Review
This report contains the results of the Department’s review and recommendation to
the Commission, based on the best scientific information available, whether the petition
action is @arfanted. It also identifies habitat that may be essential to the continued existence
- of the specieé and suggeSts brudent management activities and other recovery actions. Since
much of the Department’s 1990 status review is still relevant, a copy of Status Report 90-2 is

included as Appendix B and is referenced either as Stevens et al. 1990 or Appendix B. The

present status report generally follows the format of the 1990 status report. It specifies



findings suﬁsequeht to the Commission’s previous actions and reiterates some significant
ﬁndings from the previoﬁs réport.

The Department has contacted affected and interested parties, invited comment on the
petition, and requested any additional scientific information that may be available, as
required under Section 2074.4, .Fish. and Game Code (Appen_dix A—S). A list of the

Ll

newspapers'which.p'ublished the legal notice are contained in Appendix A-9.
Federal Listing

On June 26, _1990, Dr. Donald C. Erman, the president of the Califomia—Nevada
" Chapter of the American Fisheries Society, filed a petition with the USFWS to list the delta’
smelt as a Federal Endangered Speciés. Findings of the petition were listed in the Federal
Register on December 24, 1990. On September, 27, 1991, nearly 3 months past its legal
deadline of June 29, 1991, the USFWS officially proposed threatened status for the Delta-
smelt with critical habitat. The proposal was cited in the Federal Register, October 3,
1991. The térm "threatened species" is déﬁﬁed in the Endangered Species Act of 1973 (ESA)
as any species which 1s likely to become an endangered species within the foreseeable fu}ture
throughout all or a significant portion of its range. Critical habitat 1s defined in the ESA as
areas containing the physical and biological features esseﬁtial to the conservation of a
species. |

On March 5, 1993, the USF}WS listed.the delta smelt as a VThreatened Species under
the ESA. This rule went into effect on April 5, 1993. In carrying out their responsibi_liﬁes
under thé ESA, the USBR and tﬁe DWR have conducted a Section 7 conference with the

USFWS on the 1993 dperatiqn of the Central Valley Project and the State Water Project.



This conference which was initiated by the USBR in September resulted. in a formal
consultation process after the delta smelt was listed. This consultation is intended to discuss
the biology of the delta smelt and water project' operational changes and water allocations

~ that would help in its recovery. Upon completion, this consultation will be converted to a
Biological Opinion.‘

The delta smelt already is listed as threatened by the federal govemm;nt(.a And
although federal listing does Iafford protection from actions by state or local entities under
sections 9 and 10 of the ESA, federal listing does not require CDFG involvement in
conferences and consultations required by the ESA. Thus, state management powers are

effectively diminished. State listing would restore state management powers by requiring

consultations and other protections under provisions of the State Endangered Species Act.



LIFE HISTORY
Description:

The delta smelt, Hypomesus transpaciﬁéus McAllister, 1963, is a small euryhaline“
fish which reaches adult sizes of about 55-70 mm standard length (Moyle 1976; Moyle et al.
1989) although some may reach lengths near 130 mm (Stevens, er al. 1990).;t:s ‘transluce_nt
with a silvery, steel-blue streak along its sides. Other related smelt species found in the
Sacramento-San Joaquin Estuary include longfin smelt, Spirinchus thaleichthys, and now the
wakasagi, Hypomesus nipponensis (Moyle 1976; Célifomia Department of Fish and Game
(CDFG), unpublished data). More marine smelt species historically observed in the Estuary

include: whitebait smelt, Allosmerus elongatus, surf smelt, Hypomesus pretiosus, and night

smelt, Spirinchus starksi (Wang 1986). The marine spécies generally do not occur where

delta sinelt have historically been common.
| Delta smelt can be distinguished from other smelt by: 1) a small flexible maxilla

_ (upper jaw bone) that does not extend past the middle of the eye, 2) the lack of strong
striations on the gill cover, 3) pectoral fins that reach less than twé-thirds of the way to the
base of the pélvic fins, and 4) fin ray counts of 9_10 on the dorsal fin, 10-12 on the pectoral
fins, 8 on the pelvic fins, and 15-17 on the anal fin (Moyle 1976). 'Fur-ther descriptive
information can be founa in Moyle (1976) with larval descriptions in Wéng (1986; 1991).

Although many smelt species are highly prized for their flavor, delta smelt are not
fished (Wang 1986). They do, like some other smelts, have a distinct odor of cucumbers

(Moyle 1976; Wang 1986).



Taxonomy:

Delta smelt were once thought to be a population of the widely distributed pond

smelt, Hypomesus olidus. Distribution is said to have ranged from as far south .vas San
Francisco on the North American side of the.Paciﬁc, Japan on the Asiatic side of the Paci_ﬁc
(Wales 1962), and into the Arctic Ocean in the north (McAllister, er al. 1979). In 1961, |
Hamada separated the pond smelt into two separate species; H. olidus was used for th‘e'
present day H. transpacificus, and a new name, H. sakhalinus was designated for the Asiatic

species (presumably named after the Island of Sakhalin off the coast of Siberia in the Sea of

Okhotsk). McAllister (1963) determined that H. olidus was not present in California waters

and described the two fish as subspecies, H. transpacificus transpacificus, the delta smelt,
and the H. transpacificus nipponenﬁis, the wakasagi. H. olidus Was retained for the pond
smelt which ranges from Alaska to Japan in the northern Pacific (McAllister, ef al. .1979).
The two subépecies have since been split into tv;io distinct species, H. transpacificus and H.
nipponensis (Moyle et al. 1986) with the common names delta smelt and wakasagi
(Committee on Names of Fishes 1990). Currently, electrophoretic analyses are underway to
genetically evaluate the two species aﬁd to determine if genetic diluﬁon through intérbreeding
may be possible.

Range:

Delta smelt are found only in the Sacramento-San Joaquin Estuary (Stevens, ef al.

- 1990; Moyle, et al. 1992) (Figure 1). They have been found as far upstream in the
Sacramento River as the mouth of the Feather River (Wang 1991) and as far as Mossdale on

the San Joaquin River (Moyle, et al. 1992). Their normal downstream limit appears to be



Historical Range of Delta Smelt in the
Sacramento-San Joaquin Estuary
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Figure 1. Historical range of delta smelt in the Sacramento-San Joaquin Estuary. Range
includes observations from all life history stages and all times of the year.
Dashed lines represent distances from the Golden Gate Bridge in Kilometers.



western Suisun Bay, although during episodes of high outflow they can be washed into San
Pablo and San Francisco Bays (Moyle, et al. 1992; Fry 1973). Delta smélt are usually found
in euryhaline, or brack:ish waters where salt and freshwater mix and move to freshwate; to
- spawn (Moyle 1976).
In 1959, when }the delta smelt and wakasagi wére considered to be a single sPecies
H. Qlid_l;s), CDFG introduced wakasagi into several freshwater reservoirs in the state to
supply forage for trout (Wales 1962). H. nipponensis was uSed because H. transpacificus was
difficult to collect (Wales 1962). |
Age-and Growth:
’Delta smelt are fast growing and shortlived (Moyle 1976). Until rebently, little was
known about their early development with most of the information being derived from other
| closely related species such as wakasagi (Wales 1962; Moyle, et.al 1992). The majority of
growth is within the first 7 to 9 months of life when the fish grow to about 50-70mm
(Erkkila, er al. 1950) after which growth SloWs to allow for reproductive development
(Radtke 1966; Moyle 1976). |
Most delta smelt die after spawning in the spring (Radtke, 1566) although a few
survive to a second year (Moyle 1976; StevenS, et al. 1990). Recent data suggest that normal
gonadal development can occur in second year fish (Randy Mager, University of California,
pers. comm.). Second year fish can grow to lengths near 130 mm (FL) (Stevens, ef al.
1990). |
Diet:

Delta smelt feed entirely on zooplankton (Stevens, er al. 1990; Moyle, et al. 1992).



At larval stages, gut samples indicate that the diet consists of harpacticoid copepods, calanoid
copepods, and popepod nauplii (Stevens, et al. 1990). As delta smelt grow lai'ger, the

primary dietary objects are calanoid copepods. In 1974 samples, Eurytemora affinis was the

primary prey item with mysid shrimp, Neomysis mercedis second (Stevens, e al. 1990). In

1988 and 1991 samples, Pseudodiaptomus forbesi, an exotic copepod first observed in the

v e

Sacramento-San Joaquin Estuary in 1987, was the dominant prey item (Stevens, et al. 1990;

Moyle, et al. 1992; Moyle unpub. data.). Other prey items observed in gut samples include:

“another exotic copepod, Sinocalanus doerii (Moyle, et al. 1992); the amphipod, Corophium

sp.; and the cladocerans Bosmina sp. and Daphnia sp. (Stevens, ez al. 1990).
Reproduction:

Spawning may occur. from late winter .to early summer. Moylé (1>976) found ripe
females from December to April with most collected from February to March. Recgntly,
Wang (1991) using 1989 and 1990 data found that spawning occurred from mid-February to
late June or July with peaks in late April and early May. He suggested that because of the
long .spawning season, delta smelt might be fractional spawners or, alternatively, that |
different individuals mature at different times to ensure better phancés of survival. Recent
histblogical analyses do not support the fractional spawningr theory because all of the eggs
develop synchronously (Serge Doroshov, University of California, pers. c&mm.) There is
also evidence that in some years nearly complete spawning failure may occur (Erkkila, ez al.
1950).

Delta smelt spawn in freshWater (Moyle, et al. 1992) or in slightly brackish water in

or above the entrapment zone (Wang 1991). Possible spawning locations are reported to
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include dead-end sloughs (Radtke 1966), inshore areas of the Delta (Moyle 1976), edges of
rivers (Moyle, e al. 1992), or river areas undg:r tidal influence v;/ith moderate to fast flows
(Wang 1991). Water temperature at spawning has been reported to be about 7°-15°C (=45°-
59°F)(Wang 1986), however, this range is inconsistent with April-June temperatures in the
Delta Which typically range from 15°-23°C (z59°-73°F). In 1990, nery post-hatch larvae
(5.0 mm TL, total length) were collected at water temperatures as high as 22.;°E
(73°F)(CDFG unpﬁblished data); 7-14 days beforehand when spawning presumably occurred,
the water temperature ranged from 20.8°-21.7°C (69.5°-71°F) at the same location and in
surrounding arezlls. |

- Female delta smelt mature at 55-70 mm and fecundity ranges from 1247 to 2596 eggs'
for females 59 to 70 mm (SL) (corrected range from Moyle, et al. 1992). No relationship
between fecundity and length has been observed (Moyle,v et al. 1992). |
| Spawning occurs in the water column above vegetation or in open water above sandy
or rocky substrates (Wang 1986).. As smelt eggs descend through the water column the
outside adhesive layer of the chorion folds back and attaches to the éubstrate (Wang 1986).
Delta smelt eggs likely attaéh to rocks, gravel, tules, cattailé, tree réots, and emergent
vegetation (Wang, 1986; Moyle, et al. 1992). Hatching occurs in 12-14 days based on
information from wakasagi. Delta smelt hatched in 9-14';1ays at temperatures from 13-16°C
duriﬁg laboratory observations in 1992 (Randy Mager pers. comm.). .Exogenous feeding
starts at 5-6 days posthatch at 14-16°C with two-thirds of the yolk absorbed (Randy Mager,

pers. comm.).

After hatching, the larvae float to the surface and drift with the currents downstream
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toward the entrapment zone (Stevens, et al. 19§0; Moylé, et al. 1992). The location of the
entrapment zone in the Estuary depends on flow conditions (e.g., outflow, water export
rates, Delta cross-channel open or closed, etc.), but in most springs it is in Suisun Bay.
Circulation currents apparently allow larvae thaf have drifted to the entrapment zone to
remain instead of being swept farther west into salt water (Stevens, et al. 1990). The
entrapment zone and the Jow salinity reach immediately upstream subport pea';( :oncentrations
of the zooplankton on which delta smelt feed (Orsi and Knutson 1979; Kimmerer 1992;
Arthur and Ball 1979). This region is important to the young of many fish species, hence the
term "nursery area" (Stevéns, et al. 1985). In recent years, the entrapment zone generally
has Been confined to small channel areas of the Delta due to low inflows and high wﬁter
exports (Moyle, et al. 1992)(Figure 2). Wang hypothesized that Vdelta smelt larvae may also
position themselves vertically within th_e water column as evidenced by the gas bladder which
does not develop until the larvae is approximately 16-18 mm (TL). This, in combination with
the entrapment zone circulation pattern, would allow the larvae to maintain their position
within the Estuary. In comparison,v the gas bladder in longfin smelt begins development at 5-

6 mm (TL) (Wang 1991). Larval growth is rapid and juveniles. may reach lengths ‘of 40-50

mm (FL) by August (Erkkila, ef al. 1950).
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HABITAT REQUIREMENTS AND DISTRIBUTION

Delta smelt are found only in the Sacraﬁlento-San Joaquin Estuary. They have beeh
found as far upstream in the Sacramento River as the mouth of the Feather River (Wang
1991) and as far as Mossdale on the San Joaquin River. Their normal-dowﬁstream lirﬁit
appears to be western Suisun Bay although durmg episodes of high outflow they can be
washed into San Pablo and San Francisco bays. Surveys by the Delta Outﬂow78:n Francisco
Bay Study, which has sami)ied fish in the Estuary from South San Francisco Bay and the
Golden Gate Bridge to the western Delta since 1980, indicate that delta ;melt thin out in San
Pablo Bay and are virtually non-existent in San Francisco Bay< (Table 1).

Delta smelt usually inhabit the freshwater edge of the salinity gradiént close to 2 %o
(parts per thousand); they are rarely found at salinities greater than 10%. (Moyle 1976).
Summer townet and fall midwater trawl surveys conducted by the Department indicate that
delta smelt are most frequently caught where specific conductance ranges from 500 to 8000
microsiemens (approximately 0.28%0 to ,4'59 Joo .salinity)(T ableé 2 and 3). Therefore, much
of the year the majority are found at the upper bouﬁdary or just upstream of the entrapment
zone (Obrebski, unpub. data) which has been depicted as having sufface salinities of 1.2-
6.0%o (Arthur and Ball 1979). -

Delta outflow affects geographical distribution of delta smelt and probably their
survival. As flows increase and saltwater is repelled, more of the population occurs in Suisun
and San Pablo bay.s and less occurs in the Delta (Figures 3 and 4). There is reason to be'liev.e
that delta smelt benefit from being transported to Suisun Bay, although there is no simple

direct relation between delta smelt abundance and outflow. Historically, when delta smelt
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were more abundant, often a large proportion of the population was found in Suisun Bay and
the surrounding areas. In recent years, Suisun Bay has not been suitable for delta smelt
because salinities have been outside the optimal ranges for delta smelt (see CDFG (WRINT-
DFG-6) 1992 for trends of increasing salinities in Suisun Bay). |

Delta smelt live principally in the upper portion of the water column. ~They tend to
school near thé surface or in shoal areas (Radtke 1966; Moyle 1976; Moyle, et al. 1992;
CDFG unpublished data). For example, during a 1963-1964 survey of Delta fish
populations, a 10 foot by 10 foot surface trawl captured 1960 deltﬁ smelt,‘.while als foét by
5 foot otter trawl only captured 461 delta smelt. fhese results were obtajned despite the otter
trawl constituting 60 percent of the survey effort of about 1800 tows. |

Delta smelt require freshwater to spawn as they disperse into freshwater in the spring
(Radtke 1966; Moyle 1976). They often are found in shallow areas which have adequate
flows presumébly to aerate the eggs and substrates that will allow proper egg attachment

(Wang 1986; 1991).
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Table 1.

Area
" San Francisco Bay (16)

San Pablo Bay (8)

Cmquipez Strait &
Western Suisun Bay (6)

Eastern Suisun Bay (3)
Western Delta (2)

Total

Delta Outflow/San Francisco Bay Study catch of delta smelt by month and

area, 1980-1988. Number of sampling sites in parentheses. (Taken from

Stevens, et.al., 1990.)

Jan Feb Mar Apr May Jun Jul  Aug Oct Nov  Dec
0 0 0 0 0 0 0 0 0 0 0 0

4 5 29 1 0 1 0 0 0 54 0 1

61 46 86 37 5 55 170 94 71 36 9 38
18 24 15 10 5 8 | 16 37 54 68 40 12
30 | 13 15 5 2 20 12 23 55 12 33 32
113 88 145 53 12 84 98 154 180 170 82 83 |

16

Sep

e

Total

95

608

307

252

1262



Table 2. Summer townet survey catch frequencies for delta smelt by specific conductance (EC) ranges, 1969-1988. ¥

Numbers of Smelt Per Catch

EC

(microsiemens) . -
0 14 59  10-14 1519 2049  50-99
No Data 9 4 3 1 0 1 1
1499 541 170 52 17 10 36 16
500-999 105 51 13 16 | 7 13 14
1000-1999 38 31 15 10 8 17 9
2000-3999 34 41 15 11 8 2 9
4000-5999 31 30 11 6 4 6 8
6000-7999 22 21 9 7 3 11 5
j>8000_ 338 96 32 4 7 17 14
76

. Total 1118 444 150 82 47 123

/ EC was not measured prior to 1969 even though the survey started in 1959. ‘

17

v e

Total

>100 Samples

0

14

10

10

54

19

856

- 229

138

148

104

79

521

2094 -

Number
Catches
>0

10

315

124

100

114

73

57

183

976

Percent
with
smelt

52.6
36.8
54.1
72.4
77.0
70.0
72.1
35.1

46.6



Table 3. Fall midwater trawl frequencies for delta smelt by specific conductance (EC)
ranges, 1967-1988.

Numbers of Smelt Per Catch

EC _ ‘ : Number Percent

‘microsiemens) : Total Catéhies  with

0 - 14 59 10-14 15-19 20-49 >50 Samples >0 . smelt
No Data 9. 0 0 0 0 0 -0 9 0 0
1-499 _ 1756 604 103 | 30 16 27 4 2540 784 30.8
| 500-999 311 137 35 | 21 7 - 12 5 528 217 41.1
1000-1999 224 128 43 18 - 10 18 2 443 219 49.4
2000-3999 . 269 141 44 30 9 14 5 512 243 47.4
4000-5999 244 97 45 | 9 10 12 1 418 174 46.1

6000-7999 202 . 67 23 10 5 9 v 1 - 317 115 36.3 7

> 8000 4547 173 24 9 9 11 4 4777 | 230 4.8
Total 7562 1347 317 127 66 103 22 19544 1982 20.7

18



SURVEY=1

100 1
90 1
80
701
60
50 1
40 1
301
20
10 1

yiZMO®MYo

XMO X+ ZCU~C W

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.

6 4.8 5.0 5.2

LOG10 OUTFLOW
SURVEY=2

100+
90 1
80 1
70
60"
50 1
40 1
30
20
101

7¥ 84
*

1x
72 €0 79

=y 64 70

XMOZ—~ ZCUHCWVL -~ZmoomTo

Figure 3.

3.0 3.2 3.4 3.6 3.8 4.0 4.2 . 4.

4 4.6 4.8 5.0 5.2

‘LOG10 QUTFLOW

Relationship between the portion of the delta smelt population occurring west
of the Delta and log Delta outflow during the survey month. Data are for the
summer townet survey (from Stevens, ef al., 1990, Figure 1). For arcsine

tranformed percentages, r* = 0.74 for survey 1 and r* = (.55 for survey 2.
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ABUNDANCE

Delta smelt were historically one of the most common open waterl fish in the upper
Sacramento-San Joaquin Estuary (Erkkila, et al. 1950, Radtke 1966, Stevens and Miller |
1983). I-IiStorically, delta smelt abundance has fluctuated considerably from year to year.

The annual summer townet abundance index for 1992 is 2.4 (Figure 5;. ;his survey,
initiated in 1959, provides one of the two best measures of delta smelt abundance and
represents the longest historical record of smelt abundance. For a corﬁplete description of the
summer townet survey, see Appendix B, pages 17-21. The abundance index indicates that the
smelt population has varied dramatically from year to year but declined to low levels in the
early 1980s where it has remained with the exception of a small increase in 1986. Only three
times before this decline did the index fall below 10 during the 31 year record, and these low
values were only for one year at a time. Following 1982, the index has been less than 10
every year.

The fall midwater trawl survey, which covers the entire range of delta smelt
distribution, provides the other best measure of smelt abundance. A full description of this
survey is on pages 21-23 of Appendix B. The aﬁnual fall midwater trawl abundance index
for 1992 is 156.8 (Figure 6). This index represents a decline from 689 for 1991 which is an
aberration in a series of low abundance years since 1981. The 1992 index is 80% less than
the 1967 to 1982 average. The October survey caught only 2 delta smelt in the historical
range of the survey. This is the smallest catch in all 24 years of the survey and the second

lowest monthly index.
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Abundance Index

Figure 5.

62.5
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| Year |

Summer townet abundance index for delta smelt in the Sacramento-San Joaquin
Estuary for 1959-1965, 1969-1992. Only surveys 1 and 2 were used.
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Figure 6. Fall midwater trawl abundance index for delta smelt for the years 1967-1973,
1975-1978, 1980-1991 'in the Sacramento-San Joaquin Estuary.
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For the past eight years, the remnant delta smelt population has been concentrated
| inthe lower Sacramento River‘ betweén Collinsvilie and Rio Vista (Figure 7). In 1992, 90%
of all delta smelt caught in the midwater trawl survey were from this region. Historically,
when delta smelt were more abundant, the population was spread from Suisun Bay and
Montezuma Slough through the Delta. The reasons for this recent concentration in the lower
Sacramento River are that downsﬁeam habitat in Suisun Bay has been unsuitagle&fbr delta
smelt-due to increased salinities resulting from reduced outflows caused by the dfought and
water management, and delta smelt are scarcé in the San Joaquin porti_on of the Delta,
perhaps due to losses in water divérsions. |

Five other independent measures of delta smelt abundance also indicate that the
population remains at a low level (Figuré 8). 1) The Delta Outflow-Bay Study survey is
corﬁprehensive in that it samples monthly throughout the year. A complete desCriptioh of the
Delta Outﬂow—Bay Study is in Appendix B, pages 23-27. Its Iﬁain deficiency in measuring
delta smelt abundance, however, is that it does not sample in the Delta east of Antioch and
Collinéville; thus, a portion of the delta smelt’s geographical rangé is not covered. 2) The
Interagency Salmon Trawl Survey has been conducted from April tl:irough June, since 1976,
at Chipps Island. The major deficiency in this data set is that 'the-survey is located in one
location; thus, the indices are affected by changes in delta smelt distribution. 3) The
Interagency Beach Seine Su&ey is generally run from January to June in the Delta and
Sacramento River. This survey generally reflects the numbers of smelt making spawning
migrations although smaﬁ smelt around 20—30‘m‘m haye also been taken. A description of
these two surVeys is given on pages 27-31 of Appendix B.

4) Fish salvage operations at the State Water Project (SWP) and the Central Valley

Project (CVP) fish screens provide enormous samples of fish populations in the Delta .
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However, because the diversion sites are in the southern delta, they are biased by seasonal
and annual changes in distribution of delta smelt. In addition, annual variaﬁdris in water
export ratés affect the numbers of fish that are diverted and the screen efficiencies at which
the fish are salvaged. These salvage values (figure 8) represent estimated salvage of delta
smelt at the fish screens, not losses of smelt to the diversions. Losses of delta smelt cannot
be estirﬁated as they are for striped béss and salmon because studies have not measured either
predation losses of delta smelt in Clifton Court Forebay or screen efficiencies. For a more
~ complete discussion of SWP and CVP salvage of delta smelt see Appendix B, péges 31-42.
5). The UC Davis Suisun Marsh Survey has used otter trawls to sample fish
populations in Suisun Marsh sloughs since 1979. But, because the sampling Jocations are .

limited geographically and because the geographical distribution of delta smelt varies

annually, other data sets provide a better depiction of the overall population trend. |
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Mean catch-per-trawl from the fall midwater trawl survey for specific areas of

the Sacramento-San Joaquin Estuary.
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CONCLUSIONS REGARDING DELTA SMELT ABUNDANCE TRENDS

Although timing of the decline varies with the measure used, all the data sources
listed above show a substantial decline of delta smelt in the early 1980s with.no subsequent
recovery. Looking at the decline by geographical areas (Figures 9 and 10), it is apparent that
the delta smelt'decling began ea-rlier in the south and east Delta than in the rest of the
Estuary. An earlier decline in these areas is consistent with the declin_é meas;re; by the fish
salvage data from the water project diversions in the south Delta.

POPULATION SIZE

Stevens, et al. (1990) assumed that the standard midwater trawl net had the same
catch efficiency for both cielta smelt and striped bass and estimated thé size of the delta smelt
population (Appendix B, pages 48-51) fiom the difference in ratios of fall midwater trawl
indices of delta smelt and striped bass to rough estimates of the young striped bass population
derived from life table analyses. | |

In August, 1991, a net evaluation study of the standard midwater trawi used in the
CDFG Fall Midwater Trawl Survey was initiated to test this assumption. Ak 1/8-inch mesh -
v bobbinnét cover placed over the standard 1/2-inch stretch-mesh cociénd of the net captured
fishes that escaped through the standard coder_ld net. High variances between catches limited
the analysis; however, the results suggest that the standard midwater trawl was only 30% as
effective at capturing délta smelt and about 80%.as effective at capturing striped bass as the
bobbinnet cover (Figure 11a,b). There was a difference in the maximum size of escapement

between the two species, presumably due to differences in body shape or behavior.

Additional sampling in January, 1992 suggested that as the mean: size of the delta smelt
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captured increases, the efﬁciéncy of the standard midwater trawl net also increases (Figure
12). The standard net was about 55% effective at capturing-delta smelt (Figure 12b) and
100% effective at capturing striped bass (not showri). Based on these results, the standard
midwater trawl was about 2.6 times more effective at capturing striped bass than delta smelt
in August, 1991 and about 1.8 times more effective in fanuary, 1992.
ThuS, losses of small fish througﬁ the mesh of the standard midwater:ra:vl would

- have affected the initial abundance estimafes for delta smelt baséd on the analysis of ratios by
Stevens et al. 1990. It must be emphasizéd,’ ﬁowever, that these results do not affect the
interpretation of -tempéral trends in abundance. These results only indicate that the proportion
of the delta smelt population caught by the midwater trawl is less than the proportion.-of the

_ lstriped bass population caught and that the magnitudé of both past and present abundance is

- greater than suggested by the extrapolations from catches in the standard midwater trawl

survey.
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Figure 11.  Length-frequency dlstnbutlons for a.) delta smelt and b.) striped bass in a

midwater trawl net evaluation study, August 28-29, 1991. Solid "inside" bars
represent fish captured in the standard 1/2 inch midwater trawl codend, open
"outside" bars represent fish captured in the 1/8th inch bobbinnet cover. A
total of eleven tows were used. Only young-of-the-year striped bass < 100mm
FL were used. '
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Figure 12.  Comparison of length-frequency distributions of delta smelt captured a.)
August 28-29, 1991 and b.) January 6-13, 1991. Solid "inside" bars represent
smelt captured in the standard 1/2 inch stretch-mesh midwater trawl codend,
open "outside" bars represent smelt captured in the 1/8th inch bobbinnet
cover. Mean fork lengths (mm): a.) August 28-29, 1991 "inside" = 56.2 +
12.9 sd, "outside" = 50.1 + 5.2 sd; b.) January 6-13, 1992 "inside" = 64.9
+ 3.7 sd, "outside" 62.9 + 3.6 sd.
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FACTORS AfFECTING DELTA SMELT ABUNDANCE

Through régression analyses,’ Stevens et al. (1990) evaluated the impacts of delta
outflows, water diversidns, food abundance, reverse flows, water temperature, and water
transparency on population abundance. This approach did not give a good explanation of the
population decline. However, this does not mean that these factors are not important. It is
- possible that one or more factors were not measured with sufficient reliabilitymfo: us to detect
| effects, or thatbsome untested factor acts in concert with the measured facths to drive the -
smelt population. |

Several subsequent analyses have shown relationships between delta smelt abundance
and changes in environmental factors within the Estuary:

1) Moyle et al. (1992) found a close association of delta smelt abundance with the

entrapment zone and increasing reverse flows in the lower San Joaquin River in the

spring. |

2) A recent analysis of delta smelt abundance and entrapment zone locétion by

Obrebski (DWR draft report) fbund a significant felationship between delta smelt

abundance as measured by the fall midwéter trawl survey and entrapment zone

position in the Estuary. Entrap_mént zone position accounted for .16-26% of the

amount of variaﬁce in the abundance data. His inté‘rpretation of these results suggest

that the optimal geographical region for delta smelt méy be a 15 to 20 kilometer

section of the Estuary from western Honker Bay to the confluence of the Sacramento

and San Joaquin Rivers. Analysis of the summer townet abundance data found no

significant relationship between abundance and entrapment zone location.
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3) The 1990 status report indicated that, based on the midwater trawl data, the
abundance of spawners(accounted for about one quarter of the variability in the
‘abundance of the next year class recruited (Stevens et :al. 1990). A reanalysis of that
relationship (Figure 18C on page 55 of Appendix. B) found that two of the data points
were €rroneous. The relationship, revised with appropriate corrections and the |
addition of dafa‘ points for 1989-1991 (Figure 13), still accounts for ab:)u(th one-quarter
of the variability in recruitment. Hence, the revised relationship still suggests that:
environmental factors cause much of the annual variation iﬁ delta émelt abundance,

but also that losses of adult spawners may have played an important role in the delta

smelt decline and inhibit recovery.

35



7 70 Beverton-Holt Equation eee-

| R =1/(alphat(beta / S))
2 (with'92) =0.23

Linear Equation —
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4 ' | N0 71

Recruits

0 500 1000 1500
Spawners

Figure 13.  Spawner-recruit relationships for delta smelt based on the fall midwater trawl
abundance index. Spawners are represented by the abundance index while
recruits are represented by the abundance index for the following year. Dashed
line represents fit to Beverton-Holt equation, solid line represents fit to linear
equation.
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NATURE AND DEGREE OF THREAT

As indicated in the Department’s 1990 status report, the Department has not
pinpointed the cause(s) of the Delté smelt population decline. However, inability to explain
the decline cannot be considered evidenée for an argument against listing a species as
threatened lor endangered. Subsequent to preparation of the 1990 status report, the
Department has participated in three major effort-s’with agency and “outside"mex(;)erts,, which
have attempted to define causes, design appropriate studies and develop potential solutions to
the delta smelt decline. |

1) The Delta Smelt Study Program, mandated by the California Fish -and Game
" Commission on August 30, 1990, obfainéd substantial external infut intb study

design. Advice was provided by representétives of the Department, DWR, USBR,

USFWS, SWRCB, outside contractors (including the primary biological consultant to

the State Water Contractors), and researchers from the UC Davis. The i)urpqse of the

study ﬁrogram is to monitor and investigate factors potentially affecting delta smelt

populatioh levels in order to insure the long-term survival of delta smelt-and to

address the management and fecovery objectives set forth By the Fish and Game

‘Commission.

2) As part of the consideration for federal listing, a Delta Smelt Working Group was

convened by the USFWS in. October 1991 to identify possible causes of the decline

and to pfopose possibie managément measures. This working group consisted of

fishery experts from a wide range of agencies and universities. The working group

produced a list of 12 actions that would help protect or recover the delta smelt
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| population. This list was not specifically designed for management purposes, but it

was to aid in evaluating water management alternatives that potentially would have
precluded federal listing of the species.

3) At the request of the Governor of the State of California, the Resources Agency

- assembled a Delta and Related System Management Program which included a Delta

. m

Smelt and Native Fishes Subcommittee. The goal Qf this program was to identify |
problems and design specific near and longer-terrri management actions which could
be taken to improve habitat conditions and hopefully populations of important fish and
wildlife in the Delta. The program focused on delta smelt and other declining native
estuarine fishes, winter-run salmon, stﬁped bass, and wetland/terrestrial wildlife
resources in decline with the expectation that adequately accommodating the needs of
these streésed species would strengthen the biological integrity of the entire_
ecosystem.

Based on the 1990 status review, subsequent Department analyses, and discussions

and conclusions of these expert groups, it is believed that the following factors are those

most likely inhibiting recovery of the population:

Direct entrainment of larval, juvenile, and adult delta smelt. All life stages of

delta smelt are vulnerable to entrainment in water diversions of the CVP, SWP,

Contra Costa Canal, North Bay Aqueduct, Delta agriculture, the Pacific Gas and
* Electric Company’s power generating stations, and other industry using water in the

~ Estuary.

Substantial entrainment losses of larvae occur at the CVP and SWP despite
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their intakes being located at the southern edge of the Delta miles from the current

_ primary spawning and nursery areas. These losses occur due to the magnitude of the
water project diversions, their impact on Delta flow pattems, and the tendency for
young delta smelt to be transported to the intakes by estuarine currents. At high
CVP/SWP export rates, water is drawn up the San Joaquin River reversing its normal
flow pattern. Moyle and Herbold (1989) found that high frequencies 0; r;erse flows
in the San Joaquin River during sPring were always associated with low abundances
of delta smelt in Suisun Bay in the fall while low frequencies of reverse flows
sometimes weie associated with high abundances of delta smelt. Recently, there has’
been a trend cf increasing reverse flows in the San Joaquin River, especially during
the spawning months (Moyle, et al. 1992)-.

Entrainment of delta smelt is generally greatest during spring and summer
(Figures 14 and 15). This pattern reflects the late winter-spring spawning season and
growth and mortality of young-of-the-year fish. During April and May, abundance of
young smelt at the SWP and CVP diversions actually is greater than indicated by the
salVage data because the smelt are so small that they pass thicugh the screens and are
not salvaged for the first month or two of life. It is assumed that the diversion screens
are not efﬁcient (0%) at diverting larvae smaller than 20 mm in length. Also, the
technicians responsible for sampling of salvaged fish are unable to identify small delta
smelt. |

The intra-year salvage pattern in 1977-1978 was a notable exception to the

usual pattern. Through much of 1977, water exports were reduced, due to a major
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drought, and a delta smelt peak occurred in July. The greatest entrainment and

salvage of thé 1977 year class, however, occurred from December 1977 through
February 1978 when water exports increased after the drought broke (Table 15, page
72 Appendix B). In fact the salvage of 134,000 delta smelt at the SWP in January
1978 almost equaled the total for all of 1977 (146,000) and exceeds the annual totals
for all subsequent years. Unlike other years when the majority of loss;s (:vere smaller
juvenile fish, the smelt salvaged in 1978 were pre-spawning adults.

Actual losses of delta smelt salvaged at the SWP and CVP canﬂot be calculated
with certainty because no information is available on eithér pre-screening losses
(predation rates) in Ciifton Court Forebay and at the CVP or efficiencies of the
diversion louver screens. If loss rates for delta smelt are similar to loss rates

"measured on other fish species of similar size (salmon, striped bass), the annual
salvage estimate of 15,966 delta smelt at the SWP facility in 1991 may equate to an
annual loss of near 200,000 delta smelt. In Januaryr 1993, 3087 delta smelt were
salvaged at the SWP intakes yielding a calculated loss on the order of 18,000 pre-
spawning adults. Salvage of young-of-the year delta smelt from May 1 to May 23,
1993 was 10,768 delta smelt averaging about 25mm in length (Figure 16). This is
substantially higher than the May monthly averagé for the SWP of just undér 2,000
delta smelt salvaged (Figure 14). Because the screen efficiency of diverting fish af

this size is small (conservatively estimated to be about 20% for a 25mm larvae), the

actual loss may be on the order of 200,000 delta smelt.
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Survival of delta smelt which have been salvaged probably is low due to stress
caused by handling and trucking. In fact, surv1va1 of delta smelt retained at SWP’s
Byron growout fac111ty was reported to be 0% in 1989 (total of 2590 delta smelt;
Odenweller 1990). Therelwas also consensus by the experts appointed to the Delta'
Smelt Working Group that mortality of delta smelt salvaged and transported back to
the Estuary from the State and Federal water d1ver51ons was near 100 7: . )

Because of the difﬁculty in separating larval longfin smelt_from delta smelt,
estimations of larval»entrainment losses of delta smelt to the SWP and CVP were not
initiated until 1989, :Thus, sampling of larval entrainment losses at both the SWP and
CVP has been done by DWR for the past 4 years; however, there wes a gap-in_
sampling during the peak spawning period in 1991 (Table 4). Despite the collection of
less ;han 20 larval delta s.melt, the estimated entrainment losses from the combined
~ facilities exceeded 1 million delta smeit larvae in 1992.

The Pacific Gas and Electric Company (PGE) power plant intakes are
screened, but these screens are ineffective on larval fish. In 1978-1979, more than 50
million and 16 million smelt larvae (b.oth delté and longfin sr;ielt) were estimated to
have been entrained at PGE’s Pittsburg and Contra Costa Power Planfs, respectively
(PGE 1981a, 1981b). Also, estimates of impingement of larger delta smelt juveniles
and adults on the power plant screens were 11,000 fish at>Pittsburg and 6,400 fish at

Contra Costa. There are currently no requirements to report delta smelt Josses.
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Table 4. Estimated entrainment of delta smelt larvae in the SWP and CVP 1989-1992. Data from
the Department of Water Resources.

STATE WATER PROJECT ‘ | CENTRAL VALLEY PROIECT
YEAR Estiﬁlated Entrainment _ Estimated Entrainment
1989 442,922 136,191. o
1990 : 582,501 _ 348,745
1991 | 2'4,085'.‘ 16,901°
1992 - 554,407 : ' 645,496

" - No sampling was done from April 17th to May 27th, 1991.

Currently, there are more than 1800 agricultural diversions in the Delta which
may divert befween 2,000 and 5,000 cfs from delta channels during the irrigation
season which is n'ormale from April thrdugh September (Brown 1982). This i§ the
time period in which larval and juvenile delta smelt would be most vulnérable to
entrainment. Studies were implemented- by the Department of Water Resources in
1992 to assess the extent to which delta smelt are lost to théSe diversions and to test

fish screens. Results are not yet available.

Delta outflows outside the range necessary to transport young smelt to their
optimum habitat in Suisun Bay and keep them there. Moderately high outflows
move young smelt away from the various water diversions which are concentrated in

the Delta and maintain much of the delta smelt nursery and the freshwater/saltwater
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mixing zone of the Estuary in Suisun Bay. The Suisun Bay shallows often are highly
productive and likely provide a better living environment than the deeper channels of
the Delta. Kimmgr'er‘ (1992) observed that maximﬁm zooplankton production occurs
when the entrapment zone was located west of the_ c‘onﬂuence.of the Sacramento apd
San Joaquin Rivers. It was estimated that this would require a maintenance outflow of
at least 8,000 to 9,000‘ cfs. Jassby (1993) also reported that inéreaséd abundance and
survival of organisms ffom a variety of trophic levels and a variety of life history -
stages was observed when entrapment zone position was in Suisun Bay.

Recent analyses of summer townet and fall midwat_er‘trawl data by Obrebski
(DWR draft report) found that entrapment zone position accounted for 16-26% of the
amount of variance in the abundance data. These results suggest that the optimal
geographical region for delta smelt may be a 15 to 20 kilometer section of the Estuary
from western Honker Bay to fhe confluence of the Sacramento and San Joaquin
Rivers. A relationship bétween outflow and entrapment. zone location (Kimmerer and
Monismith 1992) indicates maintenance outflows of between 7,000 and 16,200 cfs are
required to maintain the zone 71 to 81 kilometers from the"Golden Gate Bﬁdge.

The period of the smelt decline included year chéracterized by drought a'nd
high water exports leading to flows too low to tran‘spOrt‘ young fish to Suisun Bay, but
also years with unusually wet periods and exceptibnally high outﬂows (Figure 2).
These periods of excéptionally high outflow also may be detrimental to delta smelt
~ because their planktonic larvae may be transpoﬁed out of the Delta into San Pablo

and San Francisco bays and have no means to move back upstream.

46



Increased competition and reduced productivity of the delta smelt’s food chain
due to accidental introductions of exotic species. Since the early 1970s, several
exotic species, iricluding both fish and invertebrates_,. have been accideﬁtally
introduced into the Sacramento-San J oaquin Estuary and become firmly established.

Most of these species have been introduced through the discharge of organisms

- en

carried in ballast water of ships. In particular, the Asian clam (Potamocorbula
amarensis) has become extremely abundant in Suisun Bay since 1988, and its filtering

may be responsible for a simultaneous major decline in the abundance of the native

cbpepod, Eurytemora afﬁnis, historically the most common component of the delta
smelt diet. The efficiency of delta smelt feeding may also have been affected by
several copepods which have become abundant within the past 15 years, one of

which, Sinocalanus doerii, has been shown to be less vulnerable prey than the native

Eurytemora. Incréased competition for food may also be occurring due to an
unexplaﬁned population explosion of the Chameleon goby, Tridentiger
trigonocephalus, that occurred in 1990.

Effects of competition among species are difficult to :determine. While the
decline in delta smelt did not coincide with the obvious increase in exotic species,
competitioh could have played some role in the decline; however, most have iny
recently become ‘abundant. Furthermore, the subsequent increases in exotic species

may inhibit recovery of the delta smelt.
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Genetic dilution and/of competition by immigration d'f wakasagi from Central
Valley Reservoirs. A closely related smelt, the wakasagi waé introduced into several
California reservoirs in the late 1950s and 1960s. The six original reservoirs in
which wakasagi were planted are: Dodge Reservoir, Lassen County; Dwinnell
Reservoir (also. known as Shastina Reseﬁoir), Siskiyou County; Freshwater Lagoon,
Humbolt County; Spaulding Reservoir, Nevada County; Jenkinson LaIce,« El Dorado
County; and Big Bear Lake, San Bernardino County (Wales 1962). Currently, known.
"escape" populaﬁons occur in Oroville Reservoir, Folsom Reservoir, and the
American River below Lake Natomas. Hybridization between delta smelt and
wakasagi might be possible if they should coexist. Thus., there is potential for
dilution of the delta smelt gene pool and elimination of its existence as a separate
species. If hybridization is not possible, increased competitioﬁ from wakasagi is

possible because both fish have similar feeding habits and diets.

Toxic substances in the Estuary.

The effects of toxic substances including agriculturai ‘pesticides, heavy metals,
and other products of our urbanized society on delta smelt have never been tested.
However, inspection of larval delta smelt tissues and body form to look for evidence
‘of toxicity are planned. Similar studies have identified probable toxic effects in young
striped bass. Histological tissue analyses involve microscqpic examination of retina
-attachment, digestive tract tissue developm_ent, and liver condition. Body form |

(morphometric) analyses consist of examining ratios of fish length and body depth
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_ measurements at various locations along the length of the fish. Body shape is then
used to evaluate health coﬁdition. Although the effects of chemical compounds on
fishes generally are poorly 'understood, ‘some of these compounds are found in the
Estuary at levels that may inhibit fish reproduction (Jung, et al. 1984) or are
sufﬁcieﬁt to trigger health warnings regarding humaﬁ consumpﬁon of fishes.
Although there is no direct évidence of delta smelt suffering direct mo:ta;ty or stress

from toxic substances, currently this factor cannot be eliminated as a potential agent

adversely affecting the delta smelt population.

Predation.

Delta smelt evolved with native predators such as squawfish (Ptychocheilus

grandis), Sacramento perch (Archoplites interruptus), and steelhead (Onchorhynchus
mykiss); howe;/er, predation by these species, none of which aré currenﬂy abundant
in the Estuary, is unlikely to be responsible for the relatively recent dec;line observed
in delta smelt. Striped bass which were introduced into the Estuary in 1879, havel

. been the most abundant predator (adults and sub-adults) andivcompetitor (young) in the
pbrtion of the Estuary inhabited by delta smelt, but striped bass have also suffered a
serious decline which began in the 1970s and preceded the decline in delta smelt.
Previously, much larger populations of both striped bass and delta smelt coexisted.
Other potential competitors or predators, which include longfin smelt, threadfin shad,
and white catfish, also show signs of population erosiqn approximately coinciding

| with, or in the case of white catfish, preceding the decline of delta smelt. The inland
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silversides, Menidia begllina, a potential larval predator appeared in the Estuary in
the 1970s, but its measured abundance has been highly variable. In essence, there has
not been a consistent increase in the abundance of any potential predator or
competitor that could obyiously account for the decline in delta smelt. The recen‘th
appearance and explosion of the chameleon goby, a potential larval competitor and
predator, potentially could inhibit recovery of the delta smelt.

The effort to miﬁgate erosion of the Sacramento-San Joaquin striped bass -
population through the stocking of hatchery-reared fish has recently been suggested as
contributing to the decline in delta smelt. Striped bass are highly pisciverous (eat

| other fish); however, comprehensive striped bass food habit studies in the 1960°s
when delta smelt and striped bass were both much more abundant indicated that,
while delta smelt were occasionally consﬁmed, they were not a significant prey of
striped bass. That and the small size of the present striped bass population, including
stocked bass, indicate that striped bass have not been a major factor in the decline of
the smelt. At present this issue is moot because, due to concerns regarding predation
on young winter-run salmon, the Department of Fish and Géine discontinued. the

stocking of hatchery-produced striped bass into the Estuary in 1992.
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CURRENT MANAGEMENT

~ There are currently no management measures in place specifically for delta smelt in

tﬁe Estuary. - | | |
As mentioned previously, on Maréh 5, 1993, the USFWS listed the delta smelt as a

threatened species under the ESA. This rule went into efféct on April 5, 199;. ;1 carrying
out their responsibilities under the ESA, the USBR and the DWR have conducted a Section 7l
conference witﬁ the USFWS on the 1993 operation of the CVP and the SWP. This
conference, initiated by the USBR in September 1992, became a formal consultation process
after the delté smelt was listed. This consultation is intended to discuss the biology of tﬁe

delta smelt and water project operational changes and water allocations that would help in

smelt recovery. This consultation will culminate in the issuance of a Biological Opinion.
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CONCLUSIONS

We have examined several measures of delta smelt abundance; all indicate that the
population hz;s declined since the late 1970s or early 1980s. The best measures are based on
the summer townet and fall midwater trawl surveys. The summer townet survey indicates
that the average population since 1982 has been less than one-sixth of the aQeragc .populati‘on
level from 1959 to 1981 and the population.in 1992 was less than one-eighth :)f:hat averagg.
Based on the midwater trawl siirvey, the average pbpulation since 1982 has been less than
one-third of the average population level from the initial survey in 1967 to 1981, and the
v popuiation in 1992 was less than one—ﬁfth of that ﬁverage.

Delta smelt abuhdance has been highly vaﬁable over the period of record. Our
evaluation of factors potentially affecting delta smelt abundance did not specify the exact |
causes(s) of this variability or the sustained population decline. However, we have noted that
the years since 1982 are characterized either by outflows that were too low to transport
young fish to their optimum habitat in Suisun Bay or by- exceptionally high oﬁtﬂows fhat may
héve transported larvae beyond Suisun Bay into the western estuary. In any case, inability to
identify the specific factors regﬁlating the population does not mean the tested factors are not
important. Such failure may simply'reﬁect sampling-associated variability in our measures
of delta ;melt abundance and/or the environment.

The Fish and Game Commission is guided by the State Endangered Species Act and
the ‘guidelines promulgated _under this Act in determining whether a species may be properly

listed as endangered or threatened. Section 670.1(b) of Title 14 of the California Code of

Regulations sets forth the listing criteria. Under this section, the Commission may list a
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species if it finds that its continued existence is in serious danger, or is threatened by any of

the following factors:

Present or threatened modification or destruction of its habitat;
overexploitation;

predation;

competition;

disease; or

other natural occurrences or human-related activities.

To meet the State Endangered Species Act’s definition of "endangered", a species

must be:
(D
@
€)

@

a native species or subspecies;
a bird, mammal, fish, amphibian, reptile or plant;

in serious danger of becoming extinct throughout all, or a significant portion,
of its range;

affected by loss of habitat, change in habitat, overexploitation, predation,
competition, or disease (Cal. Fish and Game Code Sec. 2062).

A "threatened" species is a species which is "likely to become an endangered species

in the foreseeable future" in the absence of the special protection provided by the Act. (Sec.

2067). The Fish and Game Code (Sec. 2072.3) lists additional factors relevant to a

determination that a species is threatened or endangered:

® population trend;

- ® range;

® distribution;
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® abundance;

® life history;

® ability to survive and reproduce;

® degree and immediacy of threat;

® existing management efforts;

® type of habitat.

The delta smelt is a native species with a range conﬁried to the upper Sacramento-San
Joaquin Eétuary. It is vulnerable to extinction because (1) it is short-lived, (2) it has
relatively low fecundity, (3) introductions of exotic organisms have altered its food supply,
and (4) water projects have adversely modified its habitat, distribution and probably
abundance within the Estuary. While our analysis has not determined the specific

- relationships between these threats and the smelt population, that is not crucial to determining
whether delta smelt should be listed as threatened or endangered. Continuing ‘studies may
provide the necessary answers in determining thi:se relationships that will provide the basis
for management and recovery actions.

Major adverse habitat modifications include changes in the ciiaracter and position of
the salinity gradient and exploitation through entrainment in diversicins‘. Such population
threats are likely continue or increase (Table 5). Trends in abundance of other species
dependent on estuarine conditions, suéh as striped bass and longfin smelt, also point toward -a
general degradation of the delta smelt’s habitat. In fact, the State Water Resources Control
Board which is responsible for the management of the State’s water resources concluded that:

"...the public trust resources of the Estuary are in a state of decline." (SWRCB 1992).
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Table 5. Probable Trend in Delta Smelt Population Threats.
W = worse, S = Stable.

Threat Trend

Entrainment Losses

Delta outflows

Inadequate Food Supply

Inadequate spawning stock S or W
9

“<g=

Toxicity _ ?
Genetic dilution w :
Exotic introductions S (if ship ballast discharges are controlled)

W (@f ship ballast discharges are not controlled)

Thus, the delta smelt population trend, certain life history attributes, and ihcreasing
environmental threats tend to .support "listing". Thé issue, therefore, is whether the
population is low enough that it is in danger of extinction. The scientificinformation is
insufficient to make that very complicatéd scientific determination, and no scientific study
which we might implement will provide a conclusive answer in the next few years.
Meanwhile the population might become extinct.

The Department believes that the relatively stabk_a, albeit low, population is not in
imminent danger of extinction. One factor supporting fhis contention is that the population
‘has historica]ly rebounded quickly from levels nearly as low as present ones.- However, we
cannot be certain that such rebounds will happen again. Unforeseen or stochastic events inay
pﬁsh the species to such a low level as to preclude recovery. The persistent low populations
during the last decade, the nature of the delta smelt’s life history and distribution, and

increasing threats to its habitat lead us to conclude that the delta smelt may well "become an
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endangered species in the foreseeable future".. Hence, based on the best scientific
information available (Section 2074.6 CESA), the Department believes that the most prudent

action is to list the delta smelt as a Threatened Species.
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RECOMMENDATIONS
Petition Action
1. The Commission should find that the petiﬁon action that is warranted is for the status
of State .Threatened.
2. The Commission should publish notice of its intent to aﬁen,d Title 14 CCR 670.5 to
add the delta smelt (Hypomesus transpacificus) to its list of Threatened and
| Endangered Species. |

Recommended Management/Recovery Measures

The Department’s objectives are the protection of a sufficient number of delta smelt
to insure their long-term survival and recovery in their native habitat and range. In order to
achieye full recowl/ery, the population must be 'protected, monitored, and shown to be self-
smistainiﬁg over time. Annual monitoring and evaluation should receive input from interested
parties. Recovery goals ahd reclassification criteria need to be established. When recovery
goéls' have been met, the Department will make récommendations to the Commission
‘regarding delisting this species.

The Depaﬂrﬁent of Fish and Game considers the following éétions would benefit delta
smelt:

° Restrict SWP and CVP diversions from the south Delta. These diversions draft
water and smelt from throughout most of the Delta to the export pumps. This harms
the smelt population both by 1) killing thousandé of adult and juvenile smelt and |
millions of delta smelt larvae at the pump intakes, and 2) indirectly by prevénfing

smelt from being transported to their primary habitat in Suisun Bay. In addition, more
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reliable estimates of 1arva1 fish losses at these facilities need to be done.

Increase Delta outflows.r In most years, increased spring and summer outflows

' iwould increase optimum habitat for spawning and rearing, transport more young Qelta
smelt to Suisun Bay, reduce losses to water diversions iﬂ the Delta, and likely reduée-
or displace the popﬁlation of the Asian clam believed responsible for ;ed:cing the

zooplankton in that area. Increased outflows would also aid in reversing the trend of

increased habitat degradation in Suisun Bay.

Restrict entrainment losses at Pacifié Gas and Electric Company’s Pittsburg and
Contra Costa power plants. Entrainment losses of delta smeit are a potential drain
vo'n the population. Recent lower entrainment losses due to the reduced population and

upstream location of the entrapment zone will increase.if efforts to move the délta

smelt population to Suisun Bay are put in effect.

Screen, restrict, or consolidate the agricultural diversions in the Delta when
larvae are present. Losses to local agricultural diversions are a potential drain on

the delta smelt population.

Screen the Contra Costa Water District’s water diversion at Rock Slough. The
Central Valley Project Improvement Act (PL 102-575) provides for this diversion to

~ be screened. Meanwhile, the Department of Fish and Game is advocating that it be
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screened as a condition for Contra Costa Water District proceeding with the Los

Vaqueros Project.

Reduce diversion to the North Bay Aqueduct during Delta smelt spawning
season. Based on sampling during 1992, the vicinity of the North Bay Aqueduct

v en

intake appears to be important for delta smelt spawning.

- Move major water project diversions from the southern Delta to the Sacramento
River above the Delta. Such action would essentially eliminate entrainment losses of
young delta smelt by the SWP/CVP. This will be an alternative considered in the

comprehensive water planning effort initiated by the Governor.

" Restrict ship ballast water discharges in the Estuary to eliminate or reduce
introductions of potentially harmful exotic species. Assembly Bill 3207 which was
enacted into law effective January 1, 1993 requires the Department of Fish and Game
to adopt the International Maritime Organization’s "Guidelin:es for Preventing the
Introduction of Unwanted Aquatic Organisms and Pathogens from Ship’s Ballast
Water and Sediment Discharges”, and to develop a ballast water control report form
to monitor compliance with these guidelines. The guidélines encourage, blut‘do not
mandate, ballast éxchange at sea to reduce the risk of introducing unwanted
freshwater And estuarine organisms. Monitoring compliance is intended to provide

information on the proportion of ships which actually exchange ballast at sea,. thus,
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providing a basis for judging whether additional regulatory action is warranted.

Research on creating a refuge population and refining hatchery and production
techniques. Such research was implemented in 1992 through contracts between the
Department of Water Resources and aquaculture experts at the University of |
California, Davis and a private consuiting company. Delta smelt wer:: s:ccessfully

~ spawned by these experts, but production was limited by the smelt’s low fecundity

and excessive larval mortality. Further work is planned for 1993.

Reduce input of toxicants into the Estuary. While evidence on the effects of
toxicants on delta smelt is lacking, evidence of adverse effects on other species exists.
Vigorous pursuit of evidence on toxic effects and implementation of measures to

correct any identified effects is appropriate.

While there are good reasons for concluding that management actions in-each of the

above areas would improve conditions for delta smelt, no quantitative basis exists for

estimating the benefits of any given set of measures. Thus, we are unable to select

management measures that will assure the delta smelt’s recovery to any specific abundance

target. Rather smelt recovery will involve selecting management measures to implement and

evaluating their success empirically.

Furthermore, the experience of the 1977 drought indicates that substantial recovery of -

smelt may not occur in the near future. Given the present physical configuration of the water
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delivery system, it appears that'very low water exports caused by drought, not regulatory
action, caused good sﬁrvival of smelt in the Delta in 1977, only to have large losses occur
when high water expert rates resumed. Those losses occurred despite large increases in
freshwater outflows. That experience indicates that comprehensive water planning, such as
recently reinitiated by the Governor, may be crucial to recovery of the delta smelt.
Alternatives to the Petitiened Action

If the Com.mission should choose not to list the delta smelt, ‘it is our opinion that this
fish would be deprived of protection provided through reeognition and formal consultation
available to a listed species. When a species.is listed as Threatened or Endangered, a higher
degree of urgency is mandated, and protection and recovery receives more attention from the
Department and other agencies than does a non-listed species. It also would receive
protection from unauthorized take under sections 2080 aﬁd 2091 for private individuals and
state agencies. -

In the absence of listing, it still would be possible to devise a management plan for
this species. However, this-Departmental status review indicates tﬁet fhe future e);istence of
this species is.already seriously threatened. Despite good intentions on the part of the
Department and the Commission, promises of management and protection for a non-listed
\ species do not have the weight of law behind them, and thus seldom receive high priority in
the eyes of other agencies. Without the benefits of listing and the cooperation of other
agencies in preservation and recovery actions, the species could decline further until the

population is no longer viable, and is no longer able to exist in perpetuity. Eventually,
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extinction could occur.

The Department has_made the recommendation to list this fish as Threatened. With
this status, the delta smelt would receive the same special consideration and protecﬁon under
CESA and the California Environmental Quality Act (CEQA) as if >it were listed as
Endangered. This Departmentall status reQiew indicates that the continued existence of th;a
delta smelt is seriously threatened throughout its range, gmd that this aiterﬂati?ze?s
appropriate.

- The delta smelt already is listed as Threatened by the federallgovemm'ent. Federal
listing, however, does not require CDFG involvement in conferences.and consﬁltations
required by the Fedéral Endangered Species.Act. Thus, state management powers are

effectively diminished. State listing would restore state management powers by requiring '

consultations and other protections under provisions of the State Endangered Species Act.
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PROTECTION AFFORDED BY LISTING

If listed, the delta smelt will receive protection from-take during development
activities subject tob_ CEQA and wiil be subject to formal State lead agency consultation |
requirements under CESA. The Species will also be eligible for the allocation of resources
by govemment agencies to provide protection and recovery. During the CEQA
environmental feview process, listed species receive special consideration, an; p:otection and
mitigation measures can be implemented as terms of project approval. Species that are not
listed do not readily receive protection._ The status of listing provides a si)ecies with
recognition by lead agencies and the public, and significantly greater consid.eration is given
tlo the Department’s recommendatiens resulting from project environmental review.

Listing this species increases the 1ike1ihood that State ane Federal land and resource
manégement agencies> will allocate funds a.nd pe;sonnel for protection and recovery actions
that benefit the delte smelt. With limited funding and a growing list of Threatened and
Endangered species, priority has been and will continue to be given to species that are listed.

Those that are not listed, although considered to be of concern, are rarely given serious

consideration under these circumstances.
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ECONOMIC CONSIDERATION

The Department is not required to prepare an analysis of economjc impacts per CESA
Section 2074.6. The Departmént is to provide a report to the Commission "based upon the
best scientific information available té the Department, which indicates whether the petitioned
~action is warranted, which includes a preliminary identification of the habitat:h;; may be

essential to continued existence of the species, and which recommends management activities

and other recommendations for recovery of the species”.
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Public Notice
April 2, 1993
Page Two

Following receipt of the Department’s report, the Commission will allow a 45-day public comment
- period prior to taking any action on the Department’s recommaendation.

NOTICE IS FURTHER GIVEN that any species above, proposed to be added to the State list as
endangered or threatened, is a "candidate species™ pursuant to Section 2074.2, FGC, and pursuant to
Section 2085, FGC, may not be taken or possessed except as provided by Sectiorr-2@80, et seq., of
. the Fish and Game Code, or other applicable statutes.

Sincerely,

-K‘Q‘Susan A. Cochrane, Chief
Natural Heritage Division
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FROM . THE BAY INSTITUTE ~ TO 12099466355 P.01

Tlle Bay Instltute

- of San Grancisco

April 13,-1993

Celeste Cushman

Natural Heritage Division

California Department of Fish and Game
1416 Ninth Street

Sacramento, Ca. 95814

Dear 'Ms Cushman,

This letter is submitted as the comments of the Bay
Institute of San Francisco on the proposed listing of the Delta
smelt under the California Endangered Spec:es Act by the State
Fish and Game Commission.

The Bay Institute supports listing of the Delta smelt as a
threatened species under the California Enclangered Species Act.
The preponderance of scientific evidence on the precipitous
decline and tenuous hold of this species resulted in federal
listing of the smelt, and state action to protect the fish is long
overdue. If the state is to play a role in management efforts to
protect and restore smelt populations, it must begin by acconding
the species full protection under state law.,

Lﬂ:ﬁnuﬂsﬁmﬁnﬂwmadmﬂnmd
CDF&GI-*:@I;

The listing of the Delta smelt as a threatened species
under the federal Endangered Species Act by the U.S. Fish and
Wildlife Service was based in large part on the scientific
evidence generated by the Califomia Department of Fish and
Game. The Commissfon should accept the findings of CDFG
without further consideration and initiate actions to protect the
species. Among these actions should be close coordination with
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Celeste Cushman
April 13, 1993
Fage 2

and .assistance to the Service in federal listing implementation activities.
zmmmmmummmwm

CDFG documents conclude that mortality due to entrainment at multiple
delta pumping stations is a major inhibitor to recovery of the population. Agency
biologists have indicated that all entrainment losses must be accounted for and
subsequently minimized to bring about long-term recovery. Where federal
protective authority may not address impacts of state and private actions affecting
the smelt, the state's authority under the California Endangered Species Act should
be applied to regulation of non-federal pumping sites. ,

3 whmmmﬂwmmmﬁmxmmm
ﬂnﬁmﬁ:ﬁaxofmtbwshﬂebuu&n]oaqdnﬂvwﬁnm&hmyito
mmuMdmmﬁmmimmnmmd
pubbe Sows, and the limitation of SWP project exports in April and in dry and
critical years

Draft Water Right Decision 1630 provides an adequate foundation for basing .
operational requirements to help protect the Delta smelt, independent of whatever
the final disposition of the plan is before the State Water Kesources Control Board..
D1630's estimated beneficial effects were quantified by CDFG to the fullest extent
possible and were included in the most recent petition to the Commision. This was
an appropriate approach, as the infrastructure of its implementation are highly
transportable to other management processes. This is a more reasonable and more
practical approach to.decreasing entrainment losses than the relocation of water

project diversion points proposed in the "Recommended Management/ Recovery
Measures" section in the most recent listing petition. . ,

mey:ﬁutsmmndhm

: The operational requirements contained in D-1630, however, will not in
themeselves provide adequate levels of protection for the Delta smelt Increased
Delta outflow requirements to ensure low-salinity habitat in Suisun Bay are a
primary component of the recovery program for Delta smelt.

swmmmm&uswnmw.

EFA, is deeply involved in the implementation of plans for delta smelt
recovery, both as a member of the federally-sanctioned delta smelt recovery team.
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Celeste Cushman
April 13, 1993
Fage 3

and in the rulemaking procedure to establish water quality standards for the
Bay/Deita estuary that are protective of overall estuarine habitat. The State-Fish and

- Camc Commission and CDIFG must therefore coordinate theh efforts with those of
EPA, as well as USFWS.

Please contact me at 415/331-2303 if you have any questions regarding our
comments in this matter.

Sincerely,

L7

)
Executive Director
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April 12, 1993 v
ce6l ¥ | ¥d/
" Ms. Susan A. Cochrane, Chief QHN pAoy
National Heritage Division .
California Department of Fish & Game
1416 Ninth Street
Sacramento, CA 95814
RE: LISTING OF DELTA SMELT AS ENDAN GERED SPECIES

Dear Ms. Cochrane:

The State Water Contractors ("SWC") is a non-profit organization formed in 1982

for the purpose of representing the common interests of 27 public agencies that have
contracts with the California Department of Water Resources to receive and deliver
virtually all of the water supply from the State Water Project. Collectively, two-thirds of
California’s population (21 million people) in northern, central, and southern California
receive all or a portion of their water supply from member agencies of our organization.
In addition, hundreds of thousands of acres of California’s finest irrigated agriculture is
served by the State Water Project. : '

The SWC have been involved for some time in the Department of Fish and Game’s
and the California Fish and Game Commission’s ("Commission") proposals to list the
Delta smelt as a threatened species under the California Endangered Species Act. The
SWC have received the public notice dated April 2, 1993, requesting comments on the
status, ecology, biology, life history, management recommendations and other issues
related to the Department’s listing recommendation. Due to the short deadline for
submitting comments, we are not able to provide you with ecological or biological
recommendations. However, in this regard, we would like the Department to consider
the materials previously submitted by the SWC during the previous listing process.

The SWC do, however, have the following recommendation with respect to the
procedure which should be followed in determining whether or not the Delta smelt
should be listed as a threatened species. The recent federal listing makes action on the
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Ms. Susan Cochrane, Chief
April 12, 1993 '
Page 2

State petition less critical from a time standpoint. The biological opinion and the
reasonable and prudent alternative established by the Fish and Wildlife_ Service will
protect the species’ habitat during 1993. Therefore, the SWC recommend that the
Department of Fish and Game defer issuing its final recommendation to the Commission
-until the results of 1993 summer tow-net survey and the fall mid-water trawl survey are
available. This will enable interested parties to ascertain if the end of the six-year
drought has positively impacted smelt populations. This data could be critical to a listing
decision and, as noted above, deferring a decision until the data is available will in no
way jeopardize the continued existence of the species. :

We urge your consideration of this recommendation and look forward to
continuing our participation in the listing process.

Sincerely,

Georpé R. Baumli
General Manager

‘cc:  Member Agencies

Dave Kennedy, Director, DWR
C. Schulz, KMT&G

G. Wilkinson, BB&K

Charles Hanson, HEI

Randy Brown, DWR
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A PROFEAIONAL COAROHATION
ATTORNEYS AT LawW

CLIPFFOMD W. SCHULZ 7?0 L BYARALET, SUIL IBOO
BACRAMENTO, CALIFONRNIA DEBI-3903

TELRLIIONE (018) a4a-0080 g

May 14, 1993

HAND DELIVERED

Mr. Robert Treadnor
Executive Director
Fish & Game Commission
1416 9th Street
Sacramento, CA 95814

Re: Propbsod Listing of Delta Swmelt as Threatened
Species :

Dear Mr. Treadnor:

This office represents the Kern County Water Agency
("Kern") which directly and through the State Water Contractors
has been actively involved in the Commission’s Delta Smelt
deliberations. The undersigned appeared at your April 1, 1993,
meeting to comment on the California Department of Fish & Game’s
petition to list the Delta Smelt as a threatened species and
asked that the Commission insure that its actions were
coordinated with those of other state and federal agencies which
are attempting to solve Sacramento/San Joaquin Delta fishery

problems.

' Kern has learned that the Commission may schedule final
consideration of the Delta Smelt petition for a meeting in May.
Apparently, the Department of Fish & Game has informed you that,
by then, it will have completed its review and will have '
submitted its departmental report for consideration. = Fish &

- Game Code section 2075 requires the Commission to make the
Department’s report, or copies thereof, available for review upon
request. Please consider this letter a request by the Xern
County Water Agency and the State Water Contractors that they
receive copies of the Department’s report as soon as it is
available. :

A-8



Mr. Robert Treadnor
Executive Director
May 14, 1993

Page 2 :

e

It is also our understanding from conversations with
legal counsel for the Commission that the Commission's hearing on
the departmental report may provide interested parties with their
only opportunity to comment on the biological information '
provided by the Department of Fish & Game. We understand the
Commission's position to be that if the it decides that listing
is warranted and rulemaking proceedings are initiated, the
hearing required by the California Administrative Procedure Act

would not include a review of that biological data.

Thus, unless the Department of Fish & Game’s report is
provided well before the scheduled meeting date, Xern and other
interested groups and individuals-will -have little opportunity to
prepare any necessary rebuttal information or to make meaningful
biological comments to the Commission at its May meeting. We,
therefore, request that the Commission’s meeting to consider the
biological information not be held earlier than two vweeke after
the departmental report has been made available to all interested
parties. This is the minimum time which we will need to review
the data and prepare a meaningful response to the Department’s

recommendations.

_ Our concern in this area is heightened by the language
of Fish and Game Code Section 2074, which can be interpreted to
require the Commission to consider a listing petition at the
first meeting after the departmental report is completed. If the
departmental report is issued shortly before a scheduled
Commission meeting, the public may be.denied & reasonable '

og:ortunity to review and comment. By a copy of this letter. to
 the.

' Department, we are requesting that the report be distributed
to interested parties in draft form before the final version is
sent to the Commission. This process could avoid the possible
procedural problems created by Fish and game Code Section 2074,
Further, given the federal listing of smelt and its candidate
status under State law, no damage to the species could result

from granting this request.
Given the significance of this proposed listing and the

fact that the Delta Smelt has already been listed by a federal

agency, we alsc continue to urge that the Commission defer any
final decision on a listing petition until the results of the
summer and fall smelt surveys have beon completed. This data
could be vital to determining whether recent reductjions in Delta
Smelt populations were primarily related to the drought and
whether a significant recovery has occurred because of this
Year’'s much improved water supply conditions.

et A9
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Mr. Robert Treadnor
Executive Director
May 14, 19593

Page 3

ern also directs your attention to Government Code

: K
8ection 11346.53 which requires the Commission to determine

whether the listing of the Delta Smelt will have the potential

- process of initiation and development of proposed regulations., "

Subsection (@) (2) makes it clear that the Commisgion, Rrior to
noticing any proposed regulations on the Delta Smelt, (1) must
identify the types of small business that would be affected and
(2) must include a 8tatement in its notice that the Commission
has considered proposed alternatives to the proposed regulations
that would lessan any adverse economic impacts and that invites
parties to submit additional proposals to lessen economic
impacts. The Commission, therefore, should begin considering
economic issues immediately so that comprehensive review of all
the interrelated issues can be considered prior to final action.
Kern also requests a fair opportunity to provide -the Commission
with information concerning economic impacts of its proposed

action,

o We look forward to further participation in the
Commission’s Delta Smelt considerations. -

Gl

CLIFPORD W. SCHULZ -
. [

'cc: Tom Clark

Dan: O’'Hanlon
David Schuster
William Cunningham
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COLLEOE OF AGRICULTURAL AND DEPARTMEINT OF WILDLIFE AND PISHERIES BIOLOGY
ENVIRONMENTAL SCIENCES UNIVRRSITY OF CALIFORNIA
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Juna 7, 1989

Cali{fornia Eieh and fiame Commission

1418 Ninth Street

sacramento, CA 95814

Attention: Harold Cribbs

Dear Mr. Cribbs:

Enclosed is a pestition for lialing the Dalta smelt as an endangered species.

I hope this can be acted on quickly, as I bslieva this species is likely to
become extinct in the next few years if something is not done to protect it.

sly,

Peter B. Moyle
Professor

P8M:bc/001:cribbs.081

cc: B. Bolster
J. Krautkramar
R. Spotts
E. Lorentzen
- G, Meral
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of California
670.1 (1/86)

A PETITION TO THE STATE OF CALIFORNIA FISH AND GAME COMMISSION
for action pursuant to Section 670.1, Title 14, California
Administrative Code, and sections 2072 and 2072.3 of the Fish and Game .
Code, relating to listing and dslisting endangered and thresatened
speciess of plants and animals.

SPECIES BEING PETITIONED:
Common Name: Delts Smelt
Scientific Name: Hypomesus Lrsnspacificus

" REGOMMENDED ACTION:

Endangcrod:' X

SUMMARY OF REASONS FOR RECOMMENDED ACTION:

The Delta smelt fits the definition of an endangered species as it
is in danger of extinction throughout its entire limited range, It is
vulnerable to extinction because (1) {t is short-lived, (2) it has
relatively low fecundity, (3) it is a planktivore throughout its life
cycle, and (4) {t is confined to ths upper Sacramento-San Joaquin
estuary, ‘ -

Delta smelt rarely live more than one year, at the end of which
they spawn and dis. This makes them exceptionally vulnerable to changes
in estuarine conditions because they gugs reproduce every year (unlike
all other native fishes in the estuary). The relatively low fecundity,
coupled with their planktonic larvas (which presumably have high
mortality rates in the best of conditions) means that this annual
reproduction must be accomplished by a fairly large number of fish if
the population {s to perpstuate itself, Pimm et al. (1988) show that
small species with variable populations, like Delta smelt, become
increasingly vulnerable to sxtinction as their populations decreass.

Survival of this species alsc depends on having copepods available
in sbundance as copepods are its principal fooed throughout its 14{fe
cycls; anything that affects copspod abundance will also affect Delta
smelt abundance. Copepods, and hence Delta smelt, are likely to be
affected, directly and indirectly, by changes in water quality and
productivity patterns in the estuary. There are many changes in the
estuary that are nov taking place that are threatening the sbundance of
copspods and the survival of smelt, ' :
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Why is the Delta smelt endangered? According to the Federal
Endangered Species Act, there are five possible general reasons: "(A)
the present, or threatened destruction, modification, or curtailment of
its habitat or range, (B) overutilization for commerical, recreational,
scientific, or educational purposes, (C) disease or predation, (D) the
inadequacy of existing regulatory mechanisms, or (E) other natural or
manmade factors affecting its continued existence."™ Reasons can be
found in all areas except (B), as Delta smelt have never bsen harvested
for any reason except scientific study.

Restruction of habitat. The principal habitat of the Delta smelt
is the open water of the Delta and Suisun Bay. To provide

sufficient food for these fish the water must contain dense
populations of zooplankton, aspecially of copepods. This means a
critical habitat requirement is having the entrapment zone located
in Suisun Bay during March-midJune, vhen larval smelt are present.
Present regimes of outflow do not allow the entrapment zone to ba
located there long enough in every year to assure that this annual
spscies can successfully reproduce. Prior to the diversion and
regulacion of Delta outflows, it is likely that the null zone was
frequently located well above Suisun Bay but the Delta smelt was
presumably able to persist because thers was adequate shallow
water habitat upstream in the Delta to create the conditions it
needed. This habitat is now gone, as the Delta today consists of
& complex of islands separated by dredged channels. Thus the
long-term survival of Delta amelt requires that conditions in
Suisun Bay in the spring months meet its ecological requirements.

Disesse, competition, and predation. There is no evidence that

thess biological interactions have affected Delta smelt
populations in the past, despite the abundance of introduced

species in the estuary. However, the diseases and parasites of
Delta smelt have never been studied. The effooto of prodatien by

fishes 1ike the introduced striped bass or of competition. from
introduced planktivores 1ike threadfin shad and Anmerican shad have
likewise not been studied in depth. It is quite possible that
under the low population levels that now exist for Delta smelt,
these factors could become important and prevent recovery.

Because the populations of many other fish species as well as
Delta smelt appear to be deprassed in the upper estuary (Moyle et
al. 1985; Moyle and Herbold, unpublished data), a particular
problem could be the proposed effort to enhance striped bass
populations by producing large numbers of juveniles in hatcheries.
The snhanced predator populations, without a concommitant
-erhancement of prey populations, could result in axcessivs
Predation pressure on the remaining prey speciss, such as Delts
smelt. ’

Inadsquacy of regulatory mechanisms. The regulation of Delta

outflows, Delta water quality, and flow patterns through the Delta
~1s complex and under the jurisdiction of a number of agencles.
The present regulatory system primarily benefits the water
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exporters at the cost of the fish. Even valuable gamefishes like
striped bass and chincok salmon have suffared severs declines in
recent years, despite major efforts to sustain them. For example,
larges numbers of all pelagic species and species with pelagic
larvae are entrained in CVP and SWP facilities and current
Tescus/mitigation efforts do not seen to compensate for.the
losses. This is particularly true of Delta amelt, which (1) have
recelved little attention from the management agencies, (2) are
frequently exposed to entrainment, and (3) are unlikely to survive
any rescue attempts that invelve handling of fish, In short, the
present mechanisms that regulate freshwater flows through the
Delta are inadequate to protect Delta smelt. .

factors. There are a& number of other factors that may
affect the abundance of Delta smelt; four mentioned previously are
the invasions of exotic copepods, the invasion of the exotic clam,
the blooms of the inedible diatom Malgoairs., and the presence
upstrean of populations of a closely related Japaness smelt. A
number of other exotic species are also invading the estuary at

"this time and may directly or indirectly affect the Delta smelt,

None of thess potsntial threats is well understood, nor is it
understood if the current series of invasions of exotic spacies is
only possible because of altered environmental conditions in the
Delta or if they are independent of the changes. The combination
of altered conditions and invasions of exotic species, howsver,
may extirpate the Delta smelt. _

As & back-up measure, fish culture techniques and facilities
should be developed, as the Japanese have done for other smelts,
However, if hatchery propagation 1{s to be successful, the fish
must be released into an environment which provides ample food,
low levels of toxic compounds, and low entrainment losses. Thus
water management in the estuary will always be a key factor in
smelt survival.

IV. NATURE AND DEGREE OF THREAT

The causes of the decline of Delta smelt are probably multiple and

synergistic but seem to be in the following order of importance:

1,

Raduction ip outflows. Increased diversion of water from the .
Sacramento and San Joaquin Rivers and tributaries has reduced the

freshwater svailable to flush through the sstuary. In particular,
spring (March-June) outflows, created by asnowmeslt from the
Sierras, are usually diminished, so the total amount of outflow is
reduced, as is the number of weeks of high outflow, Diversion also
ocreates reverss flows up tha San Joaquin River; during drought
years, these reverse flows may be almost continuous (see #3). The
overall effect of diversions is particularly severs {n years when
the total water available from runoff is low. For fishes and most
other Delta organisms, moderately high spring outflows are
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important bscause they cause the mixing zone (entrapment zone) of
the estuary, where outflowing freshwater meets incoming tidal
water, The mixing effect allows organisms that do not swim well,
such as zooplankton and larval fish, to remain suspended in the
mixing area, rather than being flushed out to sea. Suisun Bay is
broad and shallow, so when the entrapment zons is locatsd there
nutrients and algae can circulate, in sunlit vaters, allowing
algaes to grow and reproduce rapidly, This provides plenty of food
for zooplankton, which are food for plankton-feeding fish,
including Delta amelt and their larvae. When outflows are low,
the mixing zone is located in the deep, narrow channels of the
Delta and Sacramento River, where productivity is lower because
much of the water i{s beyond the reach of sunlight, so fewer fish -
can be gupported.

A strong relationship between the abundance of striped bass,
Anerican shad, chinocok salmon, and longfin amelt and outflows was
demonstrated by Stevens (1977) and Stevens and Miller (1983).

" Stevens and Miller (1983) falled to find this relationship for
Delta smelt. However, Moyle and Herbold (1989) show that there
nevertheless is a relationship between outflows and amelt
abundance, but it is more complex than the one for the other
species, as outflows not only affect abundance but also affect
distribution patterns. The relationship is also masked by the
fact that the index, which was developed for striped bass, needs
to be modified to account for peculiarities of smelt ecology.
Basically, low outflows produce low smelt populations, but years
of higher outflow do not necessarily produce high smelt -
populations, bacause other factors may depress smelt populations
when outflow conditions are favoradble,

The analysis of environmental factors correlated with Delta smelt
abundance (Moyle and Herbold 1989) shows that one of the strongest
determinants of their abundance is high productivity (as reflected
in phytoplankton and zooplankton sbundances) in late spring
(April-June), This high productivity is associated with
establishment of the entrapment zone in the shallow waters of
Suisun Bay. When this zone i{s located thers, the abundance of the
zooplankton fed upon by the larval smelt is higher than when the
zone 1s located in the deeper channels of the Delta, Presumably,
most of the larval smelt starve to death if the food supply is
inadequate, as it seems to have been in recent years. :

2. Righ outflovws. The years of ths major smelt decline have been
characterized by not only unuaually dry ysars with exceptionally
low outflows (1987, 1988) but also by unusually wet years with
exceptionally high outflows (1982, 1986), High outflows have much
the same effect biologically as low outflows: they put the '
entrapment zone in a location (Carquinez Straits, the dssper parts
of San Pablo Bay, or San Francisco Bay) vhere phytoplankton grow
and reproduce slowly, disrupting food chains leading to smelt
larvas. Exceptionally high outflows may have the additional
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effect of flushing adult smelt out of the system, along with much
of the zooplankton. This means that not only is the potential
spawvning stock of smelt reduced, but their food supply is as well.
Furthermore, the depletion of the established populations of
invertebrates and fish may have made it easier for exotic specias
of invertebrates and f£ish (see #4) to colonize ths sstuary, which
may be detrimental to smelt,

ingent logses io water diversions. This factor is closely
tied to the firast factor because as diversions increase, there is

less fresh water available to establish the entrapment zone in
Suisun Bay. Water i{s pumped out of the system through numerous
suall diversions for the farms of the Delta and, especially, the
large diversions of the federal Central Valley Project (CVP) and
the State Water Project (SWP). Water is also pumped through
ssveral powser plants for cooling. Recent analyses by CDFG (1987)
indicate that the entrainment of larvae i{n these diversions,
coupled with the loss of food organisms entrained as well, has
been & major cause of the ongoing decline of striped bass. Turner
(1987) indicates the diversionz are the major cause of striped
base declines. It is likely that this entrainment loss is also a
major factor limiting Delta smelt populations, because (1) Delta
snelt are ecologically quite similar to larval and juvenile

‘striped bass, (2) low smelt populations are associated with the

number of days of reverse flows in the San Joaquin River, and (3)
large numbers of smelt larvae are pumped through the CVP and SWP
plants, just as striped bass larvae are. Delte amelt are , .
vulnerable to diversions throughout their life cycle because they
usually occur in the channels of the Delta from which water is
diverted, In recent years, the more upstream location of the
entrapment zone may have increased the likelihood of entrainment.
Efforts are made to rescue larger fish being entrained at the CVP
and SWP plants by trapping them and trucking them back to the
Delta. The effectiveness of this procedure has not besn well
evaluated but it is unlikely that many Delta smelt would survive
the handling it involves, Our experience in capturing and.

. handling the fishes of the estuary indicates that Delta smelt are

one of the most delicate and most likely to die from handling of
any Delta fish. : o .

Changes in food organisme. In recent years, three exotic copepods
(8inccalanus dosrril and two species of the genus Paeudodistomous)

have invaded the estuary and increased in numbers while the
doninant native euryhaline copspod, Eurvtamors affinis, has
declined. Whether this decline is caused by competition between
the native and introduced species, by selective predation on the
native copapod, or by changes in estuarine conditions that faver
the introduced species is not known, However, CDFG (1987) studies
shov that juvenile striped bass do not feed on Sinocalanus as much
as its sbundance would indicate they should. Apparently,
8ingcalapus can swim faster and therefors aveld predation more
easily than Eurytamors (J. Orsi, personal communication), although
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the Pauedodiaptomus species do not appear to have that advantage.

Feeding by Delta smelt, especially larvas, is probably affected in -
vays similar to that of striped bass larvae by this change in
gooplankton species, The increased abundance of the exotic
copepoda may increase the likelihood of larval starvation.

Another potential indirect cause of larval starvation is the
recent invasion (ca. 1986-87) of the euryhaline clam,
Rotamocorbuls, which is now abundant in Suisun Bay. This clam may
bs reducing phytoplankton populations in the bay with its high

- filtration rates and dense populations. This clam has obviously

not been responsible for the smelt declines but it may help to
keep smelt populations at low levels by reducing the availability
of food for the larvae. '

Yet another complicating factor is the rise in abundance of the
diatom Malosira to the point where it has been, on occasion, the
most abundant species of phytoplankton. This diatom grows in long
chains and {s very hard for zooplankton to graze on; thus the
change in composition and/or abundance of zooplankton may salso be
tied to the increased importance of this diatom. The causes of
the increase in Malogirs are not known but it may be related to
the increase in water clarity experienced in recent years.

Ioxic aubstances. The waters of the satuary receive a variety of
toxic substances, including agricultural pesticides, heavy metals,
and othar products of our urbanized society. The effects of these
toxic compounds on larval fishes and their food supply are poorly
known (CDFG 1987). Although there is no indication so far that
larvel fishes are suffering direct mortality or additional stress
from low concentrations of toxic substances, this factor has also
not been studied very sxtensively, so cannot be eliminated as &
possible factor affecting Delta smelt populations.

loss of genatic Integrity. The closely related wagasaki
(Hypomesus nipponenais), or Japaness smelt, was introduced into

Alamanor Reservoi{r in the Sacramento drainage and has subsequently
baen collected from downstream areas. It is highly likely that
the wagasaki can hybridize with Delta smelt, but whether they have
dons so is not known, nor is it known 1f such hybridization could
have a negative effect on the fitness of the Dalta smelt., Loss of
genetic integrity is nevertheless a possible contributing factor
to the decline of Delta smelt. It is also possible the wagasaki
could diasplace the Delta smelt completaly through introgression or
direct competition.

V. HIBTORIC AND CURRENT DISTRIBUTION

Delts smelt are endemic to the upper Sacramento-San Joagquin

estuary so thelir historic and current distribution patterns are similar,
They occur primarily below Isleton in the Sacramento River, below
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Nossdale in the San Joaquin River, and in Suisun Bay. When outflows
from the Sacramento and San Joaquin rivers are high (mainly during
March-mid June) the smelt congregate in upper Suiaun Bay and Montezuma
slough. During high outflow periods, they may bs washed into San Pablo

- Bay, but they do not establish permanent populations there.

e

Because of the restricted distribution and seasonal movements of
the smelt, a range map is not included. ' :

HISTORIC AND CURRENT ABUNDANGE

: The Delta smelt wasz once one of the most common pelagic £ish in
the upper Sacramento-San Joaquin estuary, as indicated by its abundance
in CDFG trawl catches (Erikkila et al, 1950, Radtke 1966, Stavens and
Miller 1983). Smelt populations show conaiderable natural fluctuations,
but since 1982 populations have beesn consistently low (Figure 1). The
numbers of Delta smelt are now at their lowest levels ever recorded.
This is shown most dramatically using the annual index of abundance

‘calculated by the Californis Department of Fish and Game (CDFG), based

on catches in their annual midwater trawl survey (Les Miller, CDFG,
personal communication). Details on how the index is calculated are in
Stevens and Millor (1983), :

The exact numbers of Delta smelt are not known, Howaver, their
pelagic life atyle, short 1ife span, broad-cast spawvning habits, and
relatively low fecundity {ndicate that a large population is probably
necessary to keep the species from becoming extinct, -

The center of Delta smelt abundance is now the northwestern Delta
in the channel of the Sacramento River. Previously, it was in the broad
and productive expanses of Suisun Bay (Moyle and Herbold 1989). It s
now virtually absent from Suisun Marsh, whers it was once ssasonally
common (Moyle et al. 1986). This major change in {ts distribution is
presumably in response to the changes that have occurred in the

biologicel and hydrodynamic characteristics of the estuary.

SPECIES DESCRIPTION AND BIOLOGY:

A. Description

Delta smelt (Hypomesus franspacificus) are slender-bodied f£ish :
with a typical adult size of 60-70mm SL, although a few may reach 120 mm ;
S8L. The mouth is small, with a maxilla that does not extend past the Cy
aid-point of the eye. The ayss are relatively large, with the erbit
width concained approximately in the 3.5-4 x the head length. Small,
pointed teeth are present on the uppsr and lower Jaws, The gill covers
are unnarked. The first gill arch has 27-33 gill rakers and there are 7
branchiostegal rays. The psctoral fins reach less than two thirds of
the way to the bases of the pelvic fins. Thers are 9-10 dorsal fin
rays, 8 pelvic fin rays, 10-12 pectoral fin rays, and 15-17 anal fin
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rays, Thi lateral line i1s incomplete and has 53-60 scales along it.
There are 4-5 pyloric caeca.:

Live fish are nearly translucent and have a steely-blue sheen to
their sides. Occasionally there may be ons chromatophors betwaan the
mand{bles, but usually there is none. -~ -

B. Iaxeonomy

The confusing taxonomic history of this species iz detailed in
Moyle (1976). The Delta smelt was first conaidered to be & population
of the widely distributed pond amelt, Hypomesus olidus. Hamada (1961)
then recognized the pond smelt and the Delta smelt as being different
species and renamed the pond smelt as H. sakhalinug, while retaining the
nams }. olidus for the Delta smelt. McAllister (1963) then redsscribed

‘the Delta smelt as H. transpacificus, but with Japanese and California

subspecies, H. . pipponensis and H. £. transpacificus, respectively,

Subsequent studies have shown that the two widely separated subspecies

. should be recognized as species, with the Delta smelt being H.

tranapacificus and the Japanese species (wagasaki) being H.

(Moyle 1980). Unfortunately, wagasaki were introduced into California
Teservoirs on the assunption that thay were the same specles (H.
9lidus!) as the Delta smelt (Moyle 1976).

C. Habitat Requirements

Delta smelt inhabit the open, surface waters of Delta and Suisun
Bay. Spawning takes place bestween February and Juns, as {nferred from
larvae collected during this period (Wang 1986). Apparently, most
spavning occurs in the deadend sloughs and shallow edge-waters of the
channels in the upper Delta, although it has also been recorded in
Montezuma Slough near Suisun Bay (Radtke 1966, Wang 1986). Their eggs
are demersal and adhesive so it is likely that Delta smelt spawn over

_hard substrates such as rock, gravel, tres roots, or submerged branches,

although submerged vegetation may also be important (Moyle 1976, Wang
1986). Hatching occurs in 12-14 days, assuming developmental rates are
similar to those of the closely related wagasaki (Wales 1962).

After hatching, the bouyant larvas rise to the surface and are
vashed downstream until they reach the mixing zons. Here currents keep

them suspended, circulating wich the sbundans zooplankton that typleally L

2lso occur in this zone and provide food for the larvas. Growth is
rapid and the juvenile fish are 40-350 mm long by early August (Erkkila
et al. 1950, Ganssle 1966, Radtke 1966). The smelt reach adult lengths
of 35-70 mm SL by the time they are six to nine months old (Moyle 1976).
During the next three months, growth slows considerably (only 3-9 mm
total), presumably becauss most of their energy is bsing channsled into
gonadal development (Erkkila et al. 1950, Radtke 1966). Female smelt
produce 1400-2800 eggs, but there is no correlation betwsen size and
fecundity (Moyle 1976). - :
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As the sumter progresses, adults become increasingly scarce and
young-of-year fish dominate the trawl catches by August. The rapid
change from & single-age, adult occhort during the spawning runs in
spring to a population dominated by juveniles in the summer suggests
strongly that most adults die after they spawn (Radtke 1966).

Delta smelt feed primarily on planktonic copepods, cladocerans,
amphipods, and to a lesser extsnt on insect larvae (Moyle 1976) although
larger fish may also feed on the opposum shrimp, Neomvsis
(Moyle 1976). In the mid-1970's, the most important food organism for
all sizes was the euryhaline copepod, Eurytemora affinis (Moyls,
unpublisghed data).

HABITAT REQUIREMENTS

Delta smelt are euryhaline fish that rarely occur in water with
more than 10-12 ppt salinity (about 1/3 sea water). Spawning takes
Place in freshwater at temperatures of ca., 7-15 C (Wang 1%98€)., All

" sizes are found primarily {n the main channels of the Delta and Suisun

Marsh, and the open waters of Suisun Bay where the waters are well
oxygenated and the temperatures relatively cool (usually less than 20-22
C in summer). When not spawning, they are typically most abundant in
the entrapment zons, where incoming salt water and ocutflowing freshwater
mix. This area is where primary productivity is highest and where
zooplankton populations (on which they feed) are most dense,

CURRENT AXD RECOMMENDED MANAGEMENT

The Delta smelt currently has no special protection or management.
The best, and probably the only, way of keeping it from becoming extinct
is to maintain high encugh freshwater outflows through the Delta to keep
the entrapment zone in Suisun Bay during March, April, May, and June for
most years. The entrapment zone should not be upatream from Suisun Bay
for more than two years in a row.
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Director
Executive Secretary

September 13, 1990

Adoption of Commission Finding re: Petition to List the
Delta Smelt (Hypomesus transpacificus) as a Threatened

Species. _

At the Commission's August 30, 1990 meeting in Sacramento,
it made a finding that the Delta smelt (Hypomesus
transpacificus) does not currently warrant listing as
either a threatened or endangered species. The Commission
found that the petition did not contain sufficient
biological information on which to base its decision.
Please refer to the enclosed findings. Therefore, the
Commission directed the Department to enter immediately
into the studies proposed by the Department of Water
Resources to collect the information necessary to make the
determination of whether or not the Delta smelt warrants
listing. In addition, the Commission requested that the
Department monitor the status of this species and, if
necessary, bring to its attention any changes in that
status for the Commission's consideration to emergency
list the Delta smelt. - :

If you have any questions regarding‘this matter, please
let me know. .

COPY gizstie=sy

Robert R. Treanor

Enclosure

cc: Natural Heritage Division
Inland Fisheries Division

(\Bay Delta study
Region 2 and 3
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CALIFORNIA FISH AND GAME COMMISSION
NOTICE OF FINDINGS

NOTICE IS HEREBY GIVEN that, pursuant to the provisions of
Section 2075.5 of the Fish and Game Code, the California Fish and
Game Commission, at its August 30, 1990 meeting in Sacramento,
made a finding that the petitioned action to list the Delta smelt
(Hypomesus transpacificus) as an endangered species is not

- warranted for the following reasons: -

1.

It was not demonstrated to the Commission that there is
sufficient scientific evidence to suggest that the Delta
smelt's existence is threatened by overexploitation,
predation, competition, disease or other natural occurrences
or human-related activities.

a. The relationship between Delta smelt abundance and

water diversions is not clear. There is no convincing
evidence that Delta outflow has had major effects on
Delta smelt abundance, :

_bQ There is no direct evidence of Delta smelt suffering

direct mortality or stress from toxic substances.

c. There is no evidence concerning the role of diseases
and parasites in current numbers of Delta smelt.

d. Competition and predation are not considered major
: threats to the Delta smelt.

It was not demonstrated to the Commission that there is
sufficient scientific information to determine whether the
population is low enough that it is in imminent danger of
extinction.

The Commission has directed the Department to coordinate
with the Department of Water Resources and other related
agencies to immediately commence whatever studies are needed
to monitor the Delta smelt population and to address the
following management and recovery objectives:

a. Improvement of species identification and fish handling
procedures at the existing State and Federal Water
Project diversions from the Delta to reduce present
entrainment losses to these major diversions. :

. b. -, Modification of pumping strategies at the State and

Federal Water project diversions to reduce entrainment
losses during periods when Delta smelt are most ‘
abundant. '
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C. Increase of spring and summer Delta outflows to
maintain the entrapment zone and major Delta smelt
nursery in the Suisun Bay region where food supplies
are greater than in the Delta and exposure to
diversions is minimal.

d. Support for regulations restricting ship ballast water
discharges to eliminate or minimize new introductions
of potentially harmful cxotic species. - -

e. Evaluation of losses to agricultural diversions in the
Delta. Screening these diversions probably would
reduce entrainment and losses to local crop irrigation.

f. Consider the development of pond culture techniques for
the purpose of creating "refuge"™ populations.

FISH AND GAME COMMISSION

IR T

' _ Robert R. Treanor
Dated: September 14, 1990 Executive Secretary
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Attached is a progress report for the Delta smelt study. I
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Director
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Delta Smelt Project
Project Update for the Fish and Game Commission
December 1992
The 1992 summer townet survey was completed June 29. The delta smelt
abundance index, which is the mean of the first two surveys is 2.4, This number
is slightly higher than last year’s value of 2.0, but is consistent with the low

values since 1987. | _

The fall midwater trawl survey started September 9th and will run monthly
through mid-December. The abundance index produced from this survey, along
with the index produced from the townet survey in June, will give us the best
measures of the status of the 1992 year class of delta smelt. The abundance index
for September is 71.5. This index represents a total of 61 delta smelt captured -
with 89% of these fish caught in the lower Sacramento River. This monthly index
is down from 126 for September of 1991. The October index is 3.5 which
- represents a total of 2 smelt captured! This is the lowest index ever for October
and the second lowest index for any month. The November index is 57.5 which
represents 48 delta smelt captured. Ninety eight percent of these fish were
~ captured in the Lower Sacramento River. The annual abundance index will be set
on December 16th; it is the sum of all the monthly surveys. We are expecting the
annual abundance index to be around 170 which would make it the fourth lowest
annual index in the 24 years of record. _

Larval delta smelt sampling, which was run in conjunction with the striped
bass egg and larval survey, was completed on July 13th. A total of 2650 samples
were taken from over 80 different locations in the Estuary from February 12th
through July 13th. Delta smelt larvae were first observed in the Estuary on
February 24th in Cache Slough and in the South Delta at Old River on February
25th. It appears that the majority of spawning took place in April and May.
Sorting and larval identification are continuing and should be completed by
December 31st if ethanol ventilation problems in our new building can be
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overcome. Gut analysis of larval delta smelt and zooplankton identification work

is also continuing.
Otolith (ear bone) extraction from larval and juvenile delta smelt has

begun and analysis was started in September when our new image analysis system
became totally operational. The purpose of this project is to aid-in-the
determination of when and where the majority of the population was produced.
Otoliths are currently béing extracted from larval delta smelt of known age
which were hatched in the laboratory in order to age-verify deposition of circuli
(daily growth rings). '

The artificial substrate/aquatic vegetation survey began Apnl 9th and was
completed June 1st. This survey, which was concentrated in the Cache Slough
area, attempted to collect delta smelt eggs in the field in order to identify specific
spawning habitat requirements (e.g., aquatic vegetation, surface vegetation, type
- of substrate, depth, flow, etc.). No delta smelt eggs were collected. The |
procedures used have been evaluated and are being modified for next ycar.

The weekly beach seine survey which Was run in conjunction with the
* Interagency Ecological Study Program Salmon Fry Study began in December was -
| completed in June. The data is currently bcmg keypunched and will soon be
analyzed. ’

After limited success at capturing and keeping adult delta smelt alive in the
laboratory, a modified purse seine capture technique proved to be quite
successful. A total of 488 smelt were captured in this manner with a 48 hour
survival rate of greater than 64%. Most of these smelt were captured in the Cache
Sldugh area of the Estuary and were found in shallow areas where tidal flows
were moderate. A total of 107 additional delta smelt were collected from the
Skinner Fish Protection Facility with a survival rate of 53%. Two culture sites
were designed speciﬁcally to culture delta smelt, one at U.C. Davis and one at the
now closed Central Valley Hatchery. Both culture sites reported successful delta
smelt spawning and hatching in captivity. Over 7000 eggs were produced with a
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wide range of viability (0-84%) and hatching success ranged from 0-90%.
Larvae survived up to 36 days. Laboratory observations suggest that delta smelt
are broadcast spawners, spawning occurs either at dusk or in the evening,
hatching occurs between 8 and 14 days post spawn, feeding began at 4-5 days post
hatch wh_eh 2/3 of the yolk is absofbed, and larvae will accept a wide range of
both natural and artificial diets. We have already started collecting adults this fall
for the second year of culture work and research on the reproductive cycle and
gamctogenééis of delta smelt. There are currently about 60 individuals alive and
well at the culture site at U.C. Davis.

An agricultural diversion study was initiated in May. The purpose of the
study is to determine the-magnitude of larval fish losses to agricultural diversions
in the Delta. Sampling has been conducted'by the Department of Water Resources
at five sites throughout the Delta. There are plans to expand the study next year.

Collection of adult delta smelt from the Estuary and wakasagi from Folsom
Reservoir for electrophoretic analyses has been completed. The purpose of this
analysis is to determine if electrophoresis can be used to dxstmguxsh delta smelt
from the closely related wakasagi. '

So far as mentioned above, results from this ycar’s;'townct survey have not
been encouraging. They suggest that 1992 production of delta smelt has not
increased significantly and has remained consistently low since 1987. The fall
midwater trawl survey on the other hand has shown an increase in the past couple
of years with a large increase in 1991, although the 1992 index will once again be
at a low level. It is thought that the increase in 1991 may be due to greater
survival of young delta smelt from the time of the townet survey in the June and
July to Scpterhber through December when the midwatervtrawl survey is done.
Two possible explanations for this increase are that both State and Federal
exports in the summer of 1991 were at their lowest level since 1976, and
agricultural diversions in the Delta were reduced due to the drought and State’s

water banking program.
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L e T

February 22, 1993

Douglas P. Wheeler
. Secretary for Water Resources

Executive Director

Delta Smelt

The Commission, at its February 5, 1993 meeting in Long
Beach, discussed the reconsideration of the petition to
list the delta smelt (Hypomesus transpacificus) as a
threatened species. The Commission encourages you to
contact the Director of the U.S. Fish and Wildlife Service
to provide a coordinated effort for protection of the

. delta smelt even though the delta smelt is not a State
listed threatened or endangered species at this time. A
copy of the Commission’s motion for that action has -
already been transmitted to your office.

If you have iny questions concerning this matter, please
contact me. '

COPY ity

Robert R. Treanor

ccé All commissioners
Director Boyd Gibbons
Bay-Delta Division
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PETITION TO THE STATE OF CALIFORNIA FISH AND CAME COMMISSION
For action pursuant to Section 670.1 Title 14, California Code of Regulations (CCR),

and Sections 2072, 2072.3, 2072.7, and 2073 of the Fish and Game Code, relating to the
listing and delisting endangered and threatened species of plants and animals.

1. - SPECIES BEING PETITIONED

Common Name: delta smelt
Scientific Name: Hypomesus transpacificus
) 18 RECOMMENDED ACI'ION:
(Check appropriate categories)
_X List | | ___ Change Status
- as-FJidan-gaed ' from _

X as Threatened : , to

Im. AUTHOR OF PETITION:
Name: Harold K. Chadwick
Address: California Department of Fish and Game
Bay-Delta and Special Water Projects Division
4001 North Wilson Way
Stockton, CA 95205

Telephone Number: (209) 948-7800

Iherebycertifythat to the best of my knowledge,allstatementsmadem
- this petition are true and complete.

S1gnaturc M 7‘{ W
Date: 3 Ilb’/‘?B
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. PETITION TO THE STATE OF CALIFORNIA FISH m GAME COMMISSION
| SUPPORTING INFORMATION FOR |
. dclta smelt __Hypomesus transpacificus

Common Name Scientific Name

1. EXECUTIVE SUMMARY

The current status of the delta smelt population is poor. Information from
seven independent data sets indicates that the Delta smelt population was consistently
at or near historic low levels since at least the mid-1980s through 1990. Some hope:
of improvement was provided in 1991 by an increase in the midwater trawl index,
which measures abundance in fall, and because of its extensive geographical coverage
and long-term record, should be one of the best abundance measures. However, all
other population measures remained low in 1991, and in 1992 the midwater trawl
index again sunk to a very low level. The townet index which measures abundance in
summer, and like the midwater trawl survey has extensive geographical coverage and

'a long-term base, also remained at a near record low in 1992. The other indices are
-probably less reliable because they do not adequately sample the entire range of the
population, but they also provide no expectation of ‘substantial improvement.

In order for a species to be listed, any one or a combination of the following
factors must be considered (section 670.1, Title 14, California Code of Regulations):
1) present or threatened modification or destruction of its habitat, 2) overexploitation,
3) predation, 4) competition, 5) disease, or 6) other natural occurrences or human-
related activities.

1) Present or threatened modification or destruction of habitat: The deita smelt
historically was one of the most abundant fishes in the Estuary and ranged from
Suisun Bay on the west through the Delta to Mossdale on the San Joaquin River and
Sacramento on the Sacramento River. For the past several years there has been a
constriction in its historical range with the major concentration in the lower
Sacramento River from Collinsville to Rio Vista. The delta smelt is a pelagic fish
which depends solely on pelagic zooplankton for its nutrition. Recent introductions of
exotic microzooplankton and an Asian clam through the discharge of ship ballast
water threaten the delta smelt’s food chain. '
2) Overexploitation for commercial, recreational, scientific or educational
purposes: There has never been a commercial fishery for delta smelt although they
may be a small by-catch of the commercial shrimp fishery which operates in the
western Estuary, sometimes in Suisun Bay. Some scientific collecting is done but
these activities do not measurably reduce the population. There are no educational or
recreational uses of delta smelt.

3) Predation: There has not been an increase in the abundance of any potential
predator that would account for the decline in delta smelt. In fact, striped bass, the
most abundant predator of adult delta smelt, also has declined substantially.
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4) Competition: Increased competition for food may be occurring due to population
explosions of accidentally-introduced exotic organisms such as the Asian clam,
Potamocorbula amurensis, in the late 1980s and the Chameleon goby, Tridentiger
trigonocephalus, that occurred in 1990. Although the introductions of these species
occurred after the decline of delta smelt, they may hinder recovery of the population.
5) Disease: After one year of intensive study on all aspects of the life history of delta
smelt there has been no evidence that disease has played a role in the decline of this
species or that it is inhibiting recovery of the species. : .
6) Other natural occurrences or human-related activities: All life stages of delta
smelt are vulnerable to entrainment in water diversions of the Central Valley Project
(CVP), State Water Project (SWP), Delta agriculture, the Pacific Gas and Electric
Company’s power generating stations, and other industries using water in the Estuary.
Delta smelt are affected by diversions in two ways: A) direct entrainment of larvae,
juveniles and adults; and B) altered flow patterns which move younger stages to
suboptimum habitats. Inadequate outflows restrict delta smelt to the upper portion of .
the Estuary by reducing the western transport of larvae and increasing salinities in
Suisun Bay. The possibility of genetic dilution of the delta smelt by the closely-related
wakasagi (Hypomesus nipponensis) has increased due to the immigration of wakasagi
from central valley reservoirs to the Estuary. .

The most meaningful near term actions that could be implemented tc restore

the delta smelt population probably consist of restricting water exports and increasing
Delta outflows.

SPECIES DESCRIPTION, BIOLOGY, AND ECOLOGY

Description:

The delta smelt, Hypomesus transpacificus, is a small euryhaline fish which
reaches adult sizes of about 55-70 mm standard length (Moyle 1976) although some
may reach lengths near 130 mm (Stevens, ef al. 1990). It is translucent with a silvery,
steel-blue streak along its sides. Other related smelt species found in the Sacramento-
San Joaquin Estuary include longfin smelt, Spirinchus thaleichthys, and now the
wakasagi, Hypomesus nipponensis (Moyle 1976; California Department of Fish and
. Game (CDFG), unpublished data). More marine srhelt species historically observed in
the Estuary include: whitebait smelt, Allosmerus elongatus, surf smelt, Hypomesus
pretiosus, and night smelt, Spirinchus starksi (Wang 1986). None of the marine
species occur in the areas of the estuary where delta smelt are common.

Delta smelt can be identified from other osmerids by: 1) a small flexible
maxilla (upper jaw bone) that does not extend past the middle of the eye, 2) the lack
of strong striations on the gill cover, 3) pectoral fins that reach less than two-thirds of
the way to the base of the pelvic fins, and 4) fin ray counts of 9-10 on the dorsal fin,
10-12 on the pectoral fins, 8 on the pelvic fins, and 15-17 on the anal fin (Moyle
~ 1976). Further descriptive information can be found in Moyle (1976) with larval
descriptive information in Wang (1986; 1991).

Although other smelt species are highly prized for their flavor, Delta smelt
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have no sport or commercial value (Wang 1986). They do, like some other smelts,
have a distinct odor of cucumbcrs (Moyle 1976; Wang 1986).

Taxonomy:
Delta smelt were at one time thought to be a widely distributed population of

the pond smelt, Hypomesus olidus. Distribution is said to have ranged from as far
south as San Francisco on the North American side of the Pacific, as far south as
Japan on the Asiatic side of the Pacific (Wales 1962), and into the Arctic Ocean in
the north (McAllister, ef.al. 1979). In 1961, Hamada separated the pond smelt into
two separate species; H. olidus was used for the present day H. transpacificus, and a
new name, H. sakhalinus was designated for the Asiatic species (presumably named
after the Island of Sakhalin off the coast of Siberia in the Sea of Okhotsk). McAllister
(1963) determined that H. olidus was not present in California waters and described
the two fish as subspecies, H. transpacificus transpacificus, the delta smelt, and the
H. transpacificus nipponensis, the wakasagi. H. olidus was retained for the pond

- smelt which ranges from Alaska to Japan in the northern Pacific (McAllister, ef al.
1979). The two subspecies have since been split into two distinct species H.
transpacificus and H. nipponensis (Moyle 1986) with the common names delta smelt
and wakasagi (Committee on Names of Fishes 1990). Currently, electrophoretic
analyses are underway to genetically evaluate the two species and to determine if |
genetic dilution through interbreeding is possible. :

Distribution: .

- Delta smelt are found only in the Sacramento-San Joaquin Estuary (Stevens, et
al. 1990; Moyle, et al. 1992). They have been found as far upstream in the
Sacramento River as the mouth of the Feather River (Wang 1991) and as far as
Mossdale on the San Joaquin River (Moyle, et al. 1992). Their normal downstream
limit appears to be western Suisun Bay, although during episodes of high outflow they
can be washed into San Pablo and San Francisco Bays (Moyle, e al. 1992; Fry '
1973).

Delta smelt usually inhabit salinity ranges of less than 2%. (parts per
thousand). They are rarely found at salinities greater than 10%. (Moyle 1976). Much
of the year the majority are found in the entrapment zone where salt and freshwater
meet (Arthur and Ball, 1979). They tend to school near the surface or in shoal areas
(Radtke 1966; Moyle 1976; Moyle, et al. 1992; CDFG unpublished data). Delta
smelt move to freshwater to spawr in the spring (Radtke 1966; Moyle 1976).

In 1959, when the delta smelt and wakasagi were considered to be a single
species (H. olidus), CDFG introduced wakasagi into several freshwater reservoirs in
the state to supply forage for trout (Wales 1962). H. nipponensis was used because H.
transpacificus was' difficult to collect (Wales 1962). The six original reservoirs in
which wakasagi were planted include: Dodge Reservoir, Lassen County; Dwinnell
Reservoir (also known as Shastina Reservoir), Siskiyou County; Freshwater Lagoon,
Humbolt County; Spaulding Reservoir, Nevada County; Jenkinson Lake, El Dorado
County; and Big Bear Lake, San Bernardino County (Wales 1962). The original plan
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was for "experimental introduction” into these six reservoirs and if they became
established they could be transferred elsewhere. If the fish were determined to be
undesirable, they were to have been chemically treated (Wales 1962). Currently,
known "escape” populations occur in Oroville Reservoir, Folsom Reservoir, and the

American River below Lake Natomas.

Age and Growth: '
Delta smelt are fast growing and shortlived (Moyle 1976), and until recently,

little was known about their early development with most of the information being
derived from other closely related species such as wakasagi (Wales 1962; Moyle, et.al
1992). The majority of growth is within the first 7 to 9 months of life when the fish
grow to about 50-70mm (Erkkila, er al. 1950) after which growth slows to allow for
reproductive development (Radtke 1966; Moyle 1976).

Most delta smelt die after spawning in the early spring (Radtke, 1966)
although a few survive to a second year (Moyle 1976; Stevens, et al. 1990; CDFG
unpublished data). Recent data suggest that normal gonadal development can occur in
second year fish (Randy Mager, University of California, pers. comm.). Delta smelt
can grow to lengths near 130 mm (FL) (Stevens, er al. 1990).

Diet: . ‘
Delta smelt feed entirely on zooplankton (Stevens, ez al. 1990; Moyle, er al.
1992). At larval stages, gut samples indicate that the diet consists of harpacticoid

" copepods, calanoid copepods, and copepod nauplii (in 1980, Stevens, ef al. 1990). As
delta smelt grow larger the primary dietary objects are calanoid copepods. In 1974
samples, Euryiemora affinis was the primary prey item with mysid shrimp, Neomysis
mercedis second (Stevens, er al. 1990). In 1988 samples, Pseudodiaptomus forbesi, an
exotic copepod first observed in 1987, was the dominant prey item (Stevens, et al.
1990; Moyle, et al. 1992). Other prey items observed in gut samples include:
Sinocalanus doerii (Moyle, ef al. 1992), the amphipod, Corophium sp., and the
cladocerans Bosmina sp. and Daphnia sp. (Stevens, ef al. 1990). »

Reproduction: ,
Spawning may occur from late winter to early summer. Moyle (1976) found

that ripe females can be collected from December to April with most collected from
February to March. Recently, Wang (1991) using 1989 and 1990 data found that
spawning occurred from mid-February to late June or July with peaks in late April
and early May. He suggested that because of the long spawning season, delta smelt
might be fractional spawners or that different individuals mature at different times of
the year to ensure better chances of survival. Recent histological analyses, however,
do not support the fractional spawning theory because all of the eggs develop
synchronously (Serge Doroshov, University of California, pers. comm.) There is also
‘evidence that nearly complete spawning failure might occur (Erkkila, er al. 1950). :
Delta smelt spawn in freshwater (Moyle, ef al. 1992) or in slightly brackish
“water in or above the entrapment zone (Wang 1991). Possible spawning locations are
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reported to include dead-end sloughs (Radtke 1966), close to inshore of the Delta
(Moyle 1976), edges of rivers (Moyle, er al. 1992), or river areas under tidal
influence with moderate to fast flows (Wang 1991). Water temperature at spawning
has been reported to be about 7°-15°C (=~45°-59°F)(Wang 1986), however, this
range is inconsistent with April-June temperatures in the Delta which typically range
from 15°-23°C (=59°-73°F). In 1990, post-hatch larvac (5.0 mm TL, total length)
were collected at water temperatures as high as 22.8°C (73°F)(CDFG unpublished
data); 7-14 days beforehand when spawning presumably occurred, the water
temperature ranged from 20.8°-21.7°C (69.5°-71°F) at the same location and in
surrounding areas. .
Female delta smelt mature at 55-70 mm and fecundity ranges from 1247 to
2590 eggs for females 59 to 70 mm (SL) (corrected range from Moyle, et al. 1992).
No relationship between fecundity and length has been observed (Moyle, er al. 1992).
' Spawning occurs in the water column above vegetation or in open water
above sandy or rocky substrates (Wang 1986). As smelt eggs descend through the
water-column the outside adhesive layer of the chorion folds back and attaches to the
substrate (Wang 1986). Delta smelt eggs likely attach to rocks, gravel, tules, cattails,
tree roots, and emergent vegetation (Wang, 1986; Moyle, ef al. 1992). Hatching
occurs in 12-14 days based on information from wakasagi (H. nipponensis)(Wales
"1962). Delta smelt hatched in 9-14 days at temperatures ranging from 13-16°C during
laboratory observations in 1992 (Randy Mager pers. comm.). Exogenous feeding
starts at 5-6 days posthatch at 14-16°C with two-thirds of the yolk absorbed (Randy
Mager, University of California, pers. comm.). _
" After hatching, the larvae float to the surface and drift with the currents
. downstream to the entrapment zone (Stevens, ef al. 1990; Moyle, ef al. 1992) which
in most springs is in Suisun Bay or to other areas of the Estuary depending on flow
conditions (e.g., outflow, exports, Delta cross-channel open, etc.). In the entrapment
zone, the mixing effect allows the larvae to remain instead of being swept into salt
water (Stevens, et al. 1990). This zone also traps large numbers of zooplankton on
which they are able to feed (Orsi and Knutson 1979; Arthur and Ball 1979), and its
location is important to the young of many fish species, hence the term "nursery area
(Stevens, er al. 1985; Appendix A-3). In recent years, the entrapment zone generally
has been confined to small channel areas of the Delta due to low inflows and high
water exports (Moyle, ef al. 1992). Wang hypothesized that delta smelt larvae
position themselves at specific locations within the water column as evidenced by the
gas bladder which does not develop until the larvae is approximately 16-18 mm (TL).
In comparison, the gas bladder in longfin smelt begins development at 5-6 mm (TL)
(Wang 1991). Larval growth is rapid and juveniles may reach lengths of 40-50 mm
(FL) by August (Erkkila, et al. 1950). ' .

HABITAT REQUIREMENTS

Delta smelt usually inhabit salinity i'angcs of less than 2 %o (parts per
~ thousand); they are rarely found at salinities greater than 10%. (Moyle 1976).
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Summer townet and fall midwater trawl surveys conducted by the Department indicate
that delta smelt are most frequently caught where specific conductance ranges from
500 to 8000 microsiemens (approximately 0.28 %o to 4.59 %o salinity)(Tables 1 and
2). Delta outflow affects geographical distribution of delta smelt and probably their
survival. As flows increase and saltwater is repelled, more of the population occurs in
Suisun and San Pablo bays and less occurs in the Delta (Figures 1 and 2). There is
reason to believe that delta smelt benefit from being transported to Suisun Bay.
~ Historically, when delta smelt were more abundant a large proportion of the
population was found in Suisun Bay and the surrounding areas. Much of the year the
majority are found in (or just above) the entrapment zone where salt and freshwater
meet (Arthur and Ball 1979). They tend to school near the surface or in shoal areas
(Radtke 1966; Moyle 1976; Moyle, er al. 1992; CDFG unpublished data).

Delta smelt apparently require freshwater to spawn as they disperse into
freshwater in the spring (Radtke 1966; Moyle 1976). They often are found in shallow
spawning areas which have adequate flows presumably to aerate the eggs and

" substrates that will allow proper egg attachment (Wang 1986; 1991).

DISTRIBUTION

Delta smelt are found only in the Sacramento-San Joaquin Estuary. They have
been found as far upstream in the Sacramento River as the mouth of the Feather River
(Wang 1991) and as far as Mossdale on the San-Joaquin River. Their normal
downstream limit appears to be western Suisun Bay although during episodes of high
~ outflow they can be washed into San Pablo and San Francisco bays. Surveys by the
Delta Outflow/San Francisce Bay Study, which has sampled fish in the Estuary from
South Bay and the Golden Gate Bridge to the western Delta since 1980, indicate that
delta smelt thin out in San Pablo Bay and are virtually non-existent in San Francisco
Bay (Table 3). And, as mentioned before, delta smelt usually inhabit salinity ranges
of less than 2%o (parts per thousand) although they are rarely found at salinities
greater than 10%o0. - :

Delta smelt live principally in the upper portion of the water column. For
example, during a 1963-1964 survey of Delta fish populations, a 10 foot by 10 foot
surface trawl captured 1960 delta smelt, while a 15 foot by 5 foot otter trawl only
captured 461 delta smelt. These results were obtained despite the otter trawl
constituting 60 percent of the survey effort of about 1800 tows.

ABUNDANCE

Delta smelt were historically one of the most common open water fish in the
upper Sacramento-San Joaquin Estuary (Erkkila, er al. 1950, Radtke 1966, Stevens
and Miller 1983). Historically, delta smelt abundance has fluctuated considerably
from year to year. :

The annual summer townet abundance index for 1992 is 2.4 (Figure 3). The
summer townet index is one of the two best measures of deita smelt abundance and
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represents the longest historical record of smelt abundance since 1959. It indicates
that the smelt population has varied dramatically from year to year but declined to
low values in the early 1980s and has remained at a severely low level with the
exception of a small increase in 1986. Only three times before this decline did the
index fall below 10 during the 31 year record, and these low values were only for one
year at a time.

The fall midwater trawl index, which surveys the entire range of delta smelt
distribution, is the other best measure of smelt abundance. The annual fall midwater
trawl abundance index for 1992 is 156.8 (Figure 4). This is down from 689 for 1991
which was an aberration of low abundance since 1981. The 1992 index represents an
80% decline from the 1967 to 1982 average. In comparing net efficiencies between
delta smelt and striped bass, it appears that the standard midwater trawl was about 2.6
times more effective at capturing striped bass than delta smelt in August, 1991 and
about 1.8 times more effective in January, 1992. Thus, losses of small fish through
the mesh of the standard midwater trawl would have affected actual abundance
estimates presented in the 1990 status report for delta smelt based on comparisons of
delta smelt catches with striped bass catches and striped bass abundance estimates
(Stevens, et.al., 1990). It must be emphasized, however, that these results do not
affect the interpretation of temporal trends observed in the fall midwater trawl
abundance index. These results only indicate that the proportion of the delta smelt
population caught by the midwater trawl is less than the proportion of the striped bass
population caught and that the magnitude of both past and present abundance is
somewhat greater than suggested by thc extrapolations from catches in our standard
midwater trawl.

Five other independent measures indicate that the delta smelt populahon
remains at a low level (Figure 5). The Delta Outflow-Bay Study survey is
comprehensive in that it samples monthly throughout the year. However, its main
deficiency in measuring delta smelt abundance is that it does not sample in the Delta
cast of Antioch and Collinsville; thus, a portion of the delta smelt’s geographical
range is not covered. The Interagency Saimon Trawl Survey has been conducted from
April through June, since 1976, at Chipps Island. The major deficiency in this data
set is that the survey is located in one location, and thus the indices are affected by
changes in delta smelt distribution. The Interagency Beach Seine Survey is generally
run from January to June in the Delta and Sacramento River. This survey generally
reflects the numbers of smelt making spawning migrations although small smelt
around 20-30 mm have also been taken. Fish salvage operations at the State Water
Project and the Central Valley Project fish screens provide enormous samples of fish
populations in the Delta . However, because the diversion sites are in the southern
delta, they are biased by seasonal and annual changes in distribution of delta smelt. In
addition, annual variations in water export rates affect the numbers of fish that are
diverted and the screen efficiencies at which the fish are salvaged. Central Valley

' Project salvage operations generally reflect the same patterns as shown for State
Water Project Salvage numbers in Figure 5. For a discussion of SWP and CVP
salvage of delta smelt see Stevens, ef al. (1990). The Suisun Marsh Survey uses otter
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trawls to sample fish populations in Suisun Marsh sloughs since 1979. But, because
the UC Davis sampling locations are limited geographically and because the
geographical distribution of delta smelt varies annually, other data sets provide a
better depiction of the overall population trend. However, all the data sources listed
above show a similar pattern of a decline in the early 1980s with no apparent
recovery of the population. -

For the past eight years, the remaining delta smelt population has been
concentrated in the lower Sacramento River. Historically, when the delta smeit
population was more abundant, the smelt population was widespread from Suisun Bay
and Montezuma Slough through the Delta (Figure 6). The reason for this
concentration is that downstream habitat in Suisun Bay has been unsuitable for delta
smelt due to increased salinities resulting from reduced outflows caused by increased
water diversions and the drought, and delta smelt are scarce in the San Joaquin

portion of the Delta, perhaps due to losses in water diversions.
Although the relationship between delta smelt abundance and outflow is weak,

there is a strong relationship between delta smelt distribution and outflow. We believe
that this concentration of the population in the lower Sacramento River makes the
population particularly vulnerable to potential perturbations in the environment such

as a toxic event. _

' Looking at the decline by geographical areas (Figures 7 and 8), it is apparent -
that the delta smelt decline began earlier in the south and east Delta than in the rest of
the Estuary. An earlier decline in these areas is consistent with the decline measured
by the fish salvage data from the water project diversions in the south Delta.

Through regression analyses Stevens, ef al. (1990) evaluated the impacts of
delta outflows, water diversions, food abundance, reverse flows, water temperature,
and water transparency on population abundance. This approach did not give a good
explanation of the population decline. However, this does not mean that these factors
_are not important. It is possible that one or more factors were not measured with
sufficient reliability for us to detect effects, or that some untested factor acts in’
concert with the measured factors to drive the smelt population. The role of egg
production which can be evaluated by use of a spawner-recruit relationship was also
examined by Stevens, ez al. (1990) and considered weak. Recent re-examinations of
the relationship between spawning stock abundance and the number of recruits the
following year have found that spawning stock size may be more important than
previously thought although the strength of the relationship still suggests that
environmental factors other than stock size are limiting delta smelt abundance. -

NATURE AND DEGREE OF THREAT

: As indicated in the Department of Fish and Game’s 1990 status report, the
- Department has been unable to pinpoint the cause(s) of the Delta smelt population
decline. However, inability to pinpoint the cause of decline cannot be considered
evidence against listing a species as threatened or endangered.

Subsequent to preparation of that status report, the Department has participated
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in three major efforts with agency and "outside” experts, which have attempted to
define the causes, design appropriate studies and potential solutions to the delta smelt

decline.
1) The Delta Smelt Study Program, mandated by the California Fish and

Game Commission on August 30, 1990, relied on this type of external input for the
study design which included input from representatives of the Department of Fish and
‘Game (CDFG), Department of Water Resources (DWR), U.S. Bureau of Reclamation
(USBR), U.S. Fish and Wildlife Service (USFWS), State Water Rcsources Control
Board, outside contractors (including the primary biological consultant to the State
Water Contractors), and researchers from the University of California at Davis (UC
Davis). The purpose of the study program is to monitor and investigate factors
potentially affecting delta smelt population levels in order to insure their long-term
survival and to address the management and recovery objectives set forth by the Fish
and Game Commission.

2) As part of the consideration for Federal listing, the Delta Smelt Working
Group was convened by the US Fish and Wildlife Service in October 1991 to identify
possible causes of the decline and to propose possible management measures. The
- working group consisted of fishery experts from a wide range of agencies and
universities. The working group produced a list of 12 recommendations that if

implemented would preclude listing of the speci=s.
3) At the request of the Governor of the State of California, the Resources

Agency assembled a Delta and Related System Management Program which included
a Delta Smelt and Native Fishes Subcommittee. The goal of this program was to
identify problems and design specific near-term and longer term management actions
which can be taken to improve habitat conditions and hopefully populations of .
important fish and wildlife in the Delta. The program focused on delta smelt and
declining native fish, winter-run salmon, striped bass, and wetland/terrestrial wildlife
resources in decline with the expectation that adequately accommodating the needs of
these stressed species would strengthen the biological integrity of the entire
ecosystem.

Based on the discussions and conclusions of these expert groups, it is believed
that the following factors are those most likely inhibiting recovery of the population:

o Direct entrainment of larval, juvenile, and adult delta smelt. All life
stages of delta smelt are vulnerable to entrainment in water diversions of the
Central Valley Project (CVP), State Water Project (SWP), Contra Costa
Canal, North Bay Aqueduct, Delita agriculture, the Pacific Gas and Electric
Company’s power generating stations, and other industry using water in the
Estuary.

Substantial entrainment losses of larvae occur at the CVP and SWP
despite their intakes being located at the southern edge of the Delta miles from
the current primary spawning and nursery areas. These losses occur due to the
magnitude of the water project diversions, their impact on Delta flow patterns,
and the tendency for young delta smelt to be transported and dispersed by
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river and estuarine currents. At high export rates, water is drawn up the San
Joaquin River reversing its normal flow pattern. Moyle and Herbold (1989)
found that high frequencies of reverse flows in the San Joaquin River during
spring were always associated with low abundances of delta smelt in Suisun
Bay in the fall while low frequencies of reverse flows sometimes were
associated with high abundances of delta smelt. There has also been a trend of
increasing reverse flows in the San Joaquin River, especially during the
spawning months (Moyle, ef al. 1992). . '

Entrainment of delta smelt is greatest during spring and summer
(Figure 9). This pattern reflects the late winter-spring spawning season and
growth and mortality of young fish. During April and May, abundance of
young smelt at the SWP and CVP diversions actually is greater than shown
because the smelt are so small that they pass through the screens and are not
salvaged for the first month or two of life. Also, smaller smelt are not readily
identifiable as smelt by the technicians responsible for sampling of salvaged
fish. '
The intra-year salvage pattern in 1977-1978 was a notable exception to
the usual pattern. Through much of 1977, water exports were reduced, due to
a major drought, and while a delta smelt peak occurred in July, the greatest
entrainment and salvage of the 1977 year class occurred from December 1977
through February 1978 when water exports increased after the drought broke
(Table 5). In fact, the salvage of 134,000 delta smelt at the SWP in January
1978 almost equaled the total for all of 1977 (146,000) and exceeds the annual
" totals for all subsequent years. ‘ :

Actual losses of delta smelt salvaged at the SWP and CVP cannot be
directly calculated with certainty because no information is available on pre-
screening losses (predation rates) in Clifton Court Forebay and efficiencies of
the diversion louver screens. Survival of delta smelt which have been salvaged
may be low due to stress caused by handling and trucking. In fact, survival of
delta smelt retained at SWP’s Byron growout facility was reported to be 0% in
1989 (total of 2590 delta smelt; Odenweller 1990). Based on other fish species
of similar size (salmon, striped bass, and American shad) losses could :
‘approximate 6 times the salvage rate or higher as the screen efficincy
decreases for smaller fish. Therefore, the annual salvage estimate of 15,966
delta smelt at the State facility in 1991 may expand to an annual loss of
189,228 delta smelt. In January 1993, 3087 delta smelt were salvaged at the
SWP intakes yielding a calculated loss on the order of 18,000 pre-spawning
adults.

Delta outflows insufficient to transport young smelt to their optimum
habitat in Suisun Bay and keep them there. Moderately high outflows move
_young smelt away from the various water diversions which are concentrated in
the Delta and maintain much of the delta smelt nursery and the mixing zone of
the Estuary where outflowing freshwater meets incoming tidal water, in Suisun
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Bay. The Suisun Bay shallows often are highly productive and likely provide -
a better living environment than the deeper channels of the Delta.

Increased competition and reduced productivity of the delta smelt’s food
chain due to accidental introductions of exotic species. Since the early
1970s, several exotic species, including both fish and invertebrates have been
accidentally introduced into the Sacramento-San Joaquin Estuary and became
firmly established. Most of these species have been introduced through the '
discharge of organisms carried in ballast water of ships. In particilar, the
Asian clam has become extremely abundant in Suisun Bay since 1988 and its
filtering may be responsible for a simultaneous major decline in the abundance
of the native copepod, Eurytemora, historically the most common component
of the delta smelt diet. The efficiency of deita smelt feeding may also have
been affected by several copepods which have become abundant within the past
" 15 years, one of which has been shown to be less vulnerable prey than the .
native Eurytemora. Increased competition for food may also be occurring due
to a population explosion of the Chameleon goby that occurred in 1990 and
may be another product of ballast discharge. '

Genetic dilution by immigration of wakasagi from Central Valley
Reservoirs. A closcly related smelt, the wakasagi was introduced into several
California reservoirs in the late 1950s and 1960s. Through illegal transport by
humans and water transport, the wakasagi has become common in Oroville and
Folsom reservoirs, and this past spring was collected from the American River
just above the Delta. Hybridization between delta smelt and wakasagi is
possible if they should coexist. Thus, there is potential for dilution of the
delta smelt gene pool and elimination of its existence as a separate species.

Flows out of optimal range.
The years of the smelt decline are not only charactcnzed by drought

and high exports leading to flows too low to transport young fish to Suisun
Bay, but also by unusually wet periods with exceptionally high outflows.

* These periods of exceptionally high outflow also may be detrimental to delta
smelt because their planktonic larvae may be transported out of the Delta into
San Pablo and San Francisco bays and have no means to move back upstream.

Toxic substances in the Estuary.

. The effects of toxic substances including agricultural pesticides, heavy
metals, and other products of our urbanized society on delta smelt have never
been tested. However, inspection of delta smelt larvae to look for visual
evidence of toxicity is planned. Histological analyses involve microscopic
examination of retina attachment, digestive tract tissue development, and liver
condition which provide good measures of the extent to which larval fish have
been exposed to toxicity. Morphometric analyses consist of measuring various
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ratios involving fish length and body depth at various locations along the
length of the fish. Body shape is then used to determine health condition.
Although the effects of these compounds on fishes are poorly understood,
some of these compounds are found in the Estuary at levels that may inhibit
their reproduction (Jung, et al. 1984) or are sufficient to trigger health
warnings regarding human consumption in other fish 'species. Although there
is no direct evidence of delta smelt suffering direct mortality or stress from
toxic substances, this factor obviously cannot be eliminated as a potential agent
adversely affecting the delta smelt population. '

Predation.
Delta smelt evolved with native predators such as squawfish

is), Sacramento perch (Archoplites interruptus), and
steelhead (Qnchorhynchus mykiss); however, predation by these species, none
of which are currently abundant in the Estuary, is unlikely to be responsible
for the relatively recent decline observed in delta smelt. Striped bass which
were introduced into the Estuary in 1879, have been the most abundant
predator (adults and sub-adults) and competitor (young) in the portion of the
Estuary inhabited by delta smelt, but striped bass have also suffered a serious
~ decline which began in the 1970s and preceded the decline in delta smelt.
" Other potential competitors or predators, which include longfin smelt,
threadfin shad, and white catfish, also show signs of population erosion
* approximately coinciding with, or in the case of white catfish, preceding the
decline of delta smelt. The inland silversides, Menidia beryllina, a potential
larval predator appeared in the Estuary in the 1970s, but its abundance has
been rather erratic. In essence, there has not been a consistent increase in the
abundance of any potential predator or competitor that could account for the
decline in delta smelt. The recent appearance and explosion of the chameleon
goby, a potential larval predator, potentially could inhibit recovery of the delta
smelt. :
The possibility that the effort to enhance the Sacramento-San Joaquin
striped bass population through the stocking of hatchery-reared fish could
cause excessive predation on delta smelt has recently been suggested as
contributing to the decline in delta smelt. Striped bass are highly pisciverous
(eat other fish); however, comprehensive striped bass food habit studies in the
1960’s indicated that, while delta smelt were occasionally consumed, they
were not a significant prey of striped bass even in the 1960’s when delta smelt
and striped bass were both much more abundant. That and the small size of
the present bass population, including stocked bass, indicate that striped bass
have not been a major factor. However, the Director of the Department of
Fish and Game discontinued the stocking of mitigation striped bass into the
Estuary in 1992. Reinitiation of the stocking program in future years is under
evaluation. - v
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CURRENT MANAGEMENT

There are currently no management measures in place specifically for delta

smelt in the Estuary.

RECOMMENDED MANAGEMENT/RECOVERY MEASURES

The Department of Fish and Game considers the following actions would

benefit delta smelt:

State Water Resources Control Board Decision 1630 (original draft dated
December, 1992). Several standards proposed in the State Water Resources
Control Board’s (SWRCB) draft Decision 1630 should somewhat reduce
entrainment losses of delta smelt to the Federal and State water projects.
These standards include provisions for:

1. - No reverse flows in the lower San Joaquin River from February 1
through June 30.

2. Reverse flows limited to -1,000 cfs from July 1 through July 31 and to
-2,000 cfs from August 1 through January 31. A SWRCB proposed
(March 1993) revision to allow -3000 cfs from August through January
would reduce this benefit.

3. Spnngtlmepulseﬂowstobmeﬁtstnpedbassandulnmm the
Sacramento and San Joaquin Rivers. A SWRCB proposed (March
1993) revision to reduce pulse ﬂows in dry and critical years would

reduce this benefit.
4. Limits of CVP/SWP exports in April.

Because no strong relationship between delta smelt abundance and
outflow or exports has been found, there is no guarantee that draft Decision
1630 will enhance the delta smelt population, particularly if causes of the
decline are multiple and synergistic.

One of the long-term goals of draft Decision 1630 (page 70) is to:
"Have self-sustaining fishery populations in the Bay/Delta Estuary at the
highest levels that can reasonably be achieved®. It goes on to state: “Habitat
protections will be necessary to achieve this goal". In essence, this Decision
will substantially reduce the risk of further decline, but is not hkely to cause
the delta smelt population to recover.

Screen, restrict, or consolidate the agricultural diversions in the Deita
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when larvae are present. Losses to local agricultural diversions are a
potential drain on the delta smelt population. Studies were implemented by the
Department of Water Resources in 1992 to assess the extent to which Delta
_ smelt are lost to these diversions. Results are not yet available.

Screen the Contra Costa Water District’s water diversion at Rock Slough.
The Central Valley Project Improvement Act (PL 102-575) provides for this
diversion to be screened. Meanwhile, the Department of Fish and Game is
advocating that it be screened as a condition for proceeding with the Los

Vaqueros Project.

 Reduce diversion to the North Bay Aqueduct during Delta smelt spawning
season. Based on sampling during 1992, the vicinity of the North Bay
Aqueduct intake appears to be important for delta smelt spawning.

Restrict devdopmeﬁt of any industry that requiris large amounts of water
diverted from the Estuary.

Move major water project diversions from the southern Delta to the
Sacramento River above the Delta. Such action would essentially eliminate
entrainment losses of young delta smelt by the SWP/CVP. This will be an -
alternative considered in the comprehensive water planning effort initiated by
the Governor. '

Increase Delta outflows. In most years, increased spring and summer
outflows would transport more young deita smelt to Suisun Bay. This would
increase optimum habitat for spawning and rearing and reduce losses to water
diversions in the Delta. Increased freshwater in Suisun Bay also would likely
reduce the population of the Asian clam which has become so abundant during
the recent drought. Although State Water Resources Control Board draft
Decision 1630 does not specifically set outflow standards, export rate and
reverse flow limitations should provide increased outflow during spring and
early summer in all but wet and some above normal water years. However,
these increases will be offset by increased exports at other times.

Restrict ship ballast water discharges in the Estuary to eliminate or reduce
introductions of potentially harmful exotic species. Assembly Bill 3207
which was enacted into law effective January 1, 1993 requires the Department
of Fish and Game to adopt the International Maritime Organization’s ,
"Guidelines for Preventing the Introduction of Unwanted Aquatic Organisms
and Pathogens from Ship’s Ballast Water and Sediment Discharges”, and to
develop a ballast water control report form to monitor compliance with these
guidelines. The guidelines encourage, but do not mandate, ballast exchange at
sea to reduce the risk of introducing unwanted freshwater and estuarine
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organisms. Monitoring compliance is intended to provide information on the
proportion of ships which actually exchange ballast at sea, thus, providing a
basis for judging whether additional regulatory action is warranted.

o Research on creating a refuge population and refining hatchery and
production techniques. Such research was implemented in 1992 through
contracts between the Department of Water Resources and aquaculture experts
at the University of California and a private consulting company. Delta smelt
were successfully spawned by these experts, but production was limited by the
smelt’s low fecundity and excessive larval mortality. Further work is planned

- for 1993. o
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Table 1. Delta Outflow/San Francisco Bay Study catch of delta smelt by month and
area, 1980-1988. Number of sampling sites in parentheses. (Taken from -
Stevens, et.al., 1990.)

rea - Jam Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
‘San Francisco Bay (16) ©o ©0.0 ©0 O ©O0 O ©0 ©o0 0 0 0 0
xa Pablo Bay (8) 4 5 29 1 0 1 o o0 O .5 0 1 95
Carquinez Strait & 61 4 8 31 5 55 70 94 71 3% 9 38 608
‘Western Suisun Bay (6) : , .
Eastern Suisun Bay (3) 18 4 15 10 5 8 16 37 54 68 40 12 307
festorn Delta (2) ' 3 13 15 s 2 20 12 23 55 12 33 3R 252

Total - 113 88 145 53 12 84 98 154 180 170 82 83 1262
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Table 2.

EC

nNo Data

499

100-1999
N00-3999

w00-5999

541

105

38

k|

338

1118

'-Suannun'uvuuun:nnveyc:nch frequencies for delta smelt by specific
conductance (EC) ranges, 1969-1988. V

14

170
51
31

41

21

&

59

52

13

15

15

11

150

Nuiinn of Smelt Per Catch

10-14  15-19 2049 50-99

1 0 1 1
17 10 36 16
16 - 7 13 14
10 8 17 9
11 ] 22 9
6 4 6 8

7 3 11 5
14 7 17 - 14
82 47 123 76

’ EC was not measured prior (o 1969 even though the survey started in 1959.
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Total

>100 Samples
0 19
14 856
10 229
10 138
8 148
8 104
1 79
3. s
54 2094

Number Percent

Catches
>0

10
315
‘124
100
114

- 713
57
183

976

with
smelt
52.6
36.8
54.1
72.4
71.0
70.0
72.1

35.1

46.6



Table 3.

1000-1999
. JO-3999
Rl,.p-m

Total

1756

"3

4547

7562

anﬁdmmlﬁqwmforddumldtbyspedﬁccmdmm@

ranges, 1967-1988.
Numbers of Smeit Per Catch

14 59 10-14  15-19 2049 >50
0 0 0 0 0
604 103 30 | 16 27
137 35 21 7 12
128 L) 18 10 18
141 “ 30 9 14
97 45 9 10 12
67 23 10 5 9
173 2% 9 9 1
1347 317 103
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Samples

528
443
512
418
‘317
- 4777

9544

Number Percent

Catches  with

>0 smelt
0 0
784 30.8
217 41.1
219 494
243 47.4
174 46.1
115 36.3
2 48
1982 .20.7
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Figure 3. Summer townet abundance index for delta smelt in the Sacramento-San Joaquin

Estuary for 1959-1965, 1969-1991. Only surveys 1 and 2 were used.
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Figure 5.  Trends in delta smelt as indexed by seven independent surveys (updated from
Stevens, et.al., 1990, Figure 4). Asterisks represent the first year of sampling.
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Figure 6. Mean catch per trawl from the fall midwater trawl survey for specific areas of
the Sacramento-San Joaquin Estuary. Areas represent annual mean catch per
trawl for specific areas in the Estuary.
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APPENDIX A

Section 2074.4 of the Fish and Game Code requires the Department of Fish and Game to notify
affected and interested parties and landowners and to solicit data and comments on petitions accepted
by the Fish and Game Commission. To fulfill this requirement, the Department sent notices and/or
copies of the petition to the foliowing persons and organizations. Legal notices were placed in the"
newspapers indicated below:

ERSON . RECEIVIN TA SMELT PETITION AN R PUBL!

U.S. Department of the Army ‘ Peter Grenell, Executive Officer
Sacramento District ‘ ' State Coastal Conservancy
Corps of Engineers 1330 Broadway, Suite 1100
650 Capitol Mall Oakland, California 94610

Sacramento, California 95814-4794
: Eliseo Sanmaniego, Acting Chairman

Raymond E. Barsch, General Manager ' Water Resources Control Board
State Reclamation Board Post Office Box 100
1416 Ninth Street, Room 455-6 Sacramento, California 95801

Sacramento, California 95814 _
: . Richard Spotts, Regional Representative
Claire T. Dedrick, Executive Officer Defenders of Wildlife

State Lands Commission 5604 Rosedale Way
" 1807 13th Street - Sacramento, California 95822
Sacramento, California 95814 '
. nd Lehman, President / ’/ ¢ 1 "
Tim Egan, President Suisun ce Conservation District o cem ‘
California Waterfowl Association ' 30 NoprHEATE Post Office Box - A s
3840 RusimEourt,-Suite-200- o Suisun, California 945
Sacramento, California 95834 — ) &5 ;,,,f:;o .
: Rick Coleman
Alan Rendleton, Executive Director ' San Francisco National Wildlife Refuge
San Francisco Bay Conservation & Past Office Box 524
Development Commission ' Newark, California 94560
"~ 30 Van Ness Avenue, Suite 2011 , o _
San Francisco, California 94102-6080 Huston Cariyle, Jr., Director
- Office of Planning & Research
Monica Liquori, Executive Director 1400 10th Street
Suisun Marsh Natural History Association Sacramento, California 95814
1171 Kellogg Street
Suisun, California 94585 Orville Abbott, Executive Officer
California Water Commission
Peter Douglas, Executive Director : 1416 Ninth Street, Room 1104-4
California Coastal Commission : Sacramento, California 95814
631 Howard Street
San Francisco, California 94105 . Henry R. Agonia, Director
Department of Parks and Recreation
William H. lvers, Director : Post Office Box 942836
Department of Boating and Waterways  Sacramento, California 94296-001

1629 S Street
Sacramento, California 95814
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David N. Kennedy, Director
Department of Water Resources
Post Office Box 942836
Sacramento, California 94236-0001

Sacramento County

Board of Supervisors

700 H Street, Room 2450 .
Sacramento, California 95814-1280°

Bob McKay, Pesident or
Elizabeth Wright, Exec. Secretary
Sacramento Wildlife Federation
1023 J Street, Suite 203
Sacramento, California 95814

Sylvia Mclaughlin, President

Save San Francisco Bay Association
Post Office Box 925

Berkeley, California 94701

Laurel Mayer, Vice President
The Nature Conservancy WRO
785 Market Street, 3rd Floor
San Francisco, California 94103

Lawrence Downing, President
‘Sierra Club

730 Polk Street

San Francisco, California 94109

Richard Hubbard, Executive Director

California Natural Resource Federation

2830 10th Street, Suite 4
Berkeley, California 94710

Robert Nazum, President

California Association Resource
Conservation District

1072 Jaunita Drive

Walnut Creek, California 94595

Edward Hastey, State Director

U.S. Bureau of Land Management
Federal Office Building, Room E-2841
Sacramento, California 95825

Department Chair

Department of Biological Sciences
California State University.

“ 6000 J Street -
Sacramento, California 95819
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Contra Costa County
Board of Supervisors
651 Pine Street, Room 106
Martinez, California 94553

Solano County

Board of Supervisors
Solano County Courthouse
Fairfield, California 84533

Gerald Meral, Executive Director
Planning & Conservation League
909 12th Street, Suite 203
Sacramento, California 95814

Charles Sibley

Tiburon Center for Environmental Studies
San Francisco State University

Box 855 v

Tiburon, California 94920

~ Jerry Bogges, President

The Oceanic Society
San Francisco Bay Chapter
Fort Mason Center, Building E

“San Francisco, California 94123

Sheila Bymne

Pacific Gas & Electric Company
TES/Moore Building

3400 Crow Canyon Road

- San Ramon, California 94583

Dr. John McCosker

California Academy of Sciences
Golden Gate Park

San Francisco, California 94118

Michasl Stroud, Head
Natural Resources Branch

U.S. Department of the Navy, Westemn Division

Naval Facilities Engineer Command,
Code 243, Post Office Box 727
San Bruno, California 94066

Marvin Plenert, Regional Director
U.S. Fish and Wildlife Service
Northwest Regional Office

911 NE 11th Avenue _
Portland, Oregon 97232-4181

Dr. Paul Ehrlich

Center for Conservation Biology
Stanford University

Stanford, California 93405



Director

Museum of Vertebrate Zoology
University of California, Berkeley
. Berkelay, California 94720

Dr. Peter Moyle

Wildlife and Fisheries Biology
University of California, Davis
Davis, California 95616

Kenneth R. Boyd

American Water Works Association
Post Office Box 2108

Livermore, California 94550

Daniel Phelan - : ,
Bay Area League of industrial Associations
155 Jackson #305

San Francisco, California 94111

David Behar & Scott Hadley
Bay Institute of San Francisco
10 Liberty Ship Way #120
Sausalito, California 94965

Greg Mannesto

U.S. Army Corps of Engineers
650 Capitol Mali

Sacramento, California 95814

Robert Helwick, Senior Attomey
East Bay Municipal Utility District
2130 Adeline Street

Qakland, Cailifornia 94607

David Stewart »

Water Management Division
Environmental Protection Agency
215 Fremont Street

San Francisco, California 94105

Martin Seldon

Federation of Fly Fishermen

Post Office Box 2393

Sunnyvale, California 94807-2393

Ron Davis

California Municipal Utility Association
1225 8th Street, Suite 440
Sacramento, California 95814

Dan Taylor

National Audubon Society
555 Audubon Piace
Sacramento, California 95825
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Department Chair

Department of Biology/Natural Resources
University of California, Berkeley
Berkeley, California 94720

William H. Geyer

Consulting/Advocacy in California Government
1029 K Street, Suite 33

Sacramento, California 95814

Robert T. Cockburn -
Bay Area Dischargers Association
2130 Adeline Street

Oakland, California 94607

Steven McAdam

San Francisco Bay Conservation/
Development Commission

30 Van Ness Avenue

San Francisco, California 94102

Austin Nelson

Contra Costa Water District
Post Office Box H20
Concord, California 94524

Robert Baiocchi, Executive Director
California Sportfishing Protection Association
1859 Salider Way

Paradise, California 95969

Thomas Graff

Environmental Defense Fund
5655 College Avenue, Suite 304
Oakland, California 94618

Don May

Friends of the Earth

2333 Elm Street

Long Beach, California 90806

Ellen Johnck, Executive Director
Bay Planning Coalition

666 Howard Street, Suite 301
San Francisco, California 94105

Association of Water Agencies
910 K Street, Suite 250
Sacramento, California 95814-3577

Lori Smaliwood-Wallack

California Water Resources Association
1127 11th Street, Suite 602
Sacramento, California 95814



Jane Darby, Water Chairperson
League of Women Voters of Rediands
309 Marcia Street

Redlands, California 92373

Eric Johnson

Pacific Gas & Electric Company
3400 Crow Canyon Road
San Ramon, California 94503

Mitch Ryan

Senator John Garamendi’'s Office
State Capitol, Room 4081
Sacramento, California 95814

John Coburn

State Water Contractors

555 Capitol Mall, Suite 575
Sacramento, California 95814

John Beuttler

United Anglers of California
2830 10th Street, Suite 4
Berkeley, California 94710 -

Jim Arthur S

U.S. Bureau of Reclamation
2800 Cottage Way, Room 2137
Sacramento, California 95825

Richard Oltman

U.S. Geological Survey

2800 Cottage Way, Room W-2234
Sacramento, California 95825

Laura King

Natural Resources Defense Council
90 New Montgomery, Suite 620
San Francisco, California 94105

Bill Crooks, Executive Officer
California Regional Water
Quality Control Board
3443 Routier Road
Sacramento, California 95827-3098

Mike Valentine

State Lands Commission
1807 13th Street
Sacramento, California 95814

Dave Beringer

State Water Resources Control Board
Bay Deita Program

901 P Street

Sacramento, California 95814

A-65

Dr. Jack Williams

Fisheries Program Manager

U.S. Bureau of Land Management
Division of Wildlife & Fisheries
18th and C Streets, NW
Washington, D.C. 20240

Martin Kjelson

U.S. Fish and Wildlife Service

4001 Wilson Way

Stockton, California 95205

Robert Hagan

Yolo County Flood Control &
Water Conservation District

548 Oak Avenue

Davis, California 95616

James Mayer

Kidder, Peabody, and Company, Incorporated
555 California Street, Suite 2950

San Francisco, California 94104

Henry Loeser
1097 Green Street, # 6
San Francisco, California 94133

Center for Environmental Design Research
390 Wurster Hall .
University of California, Berkeley
Berkeley, California 94720

Brenda Jahns

Attorney at Law

770 L Street, Suite 1200
Sacramento, California 95814-3363

Stephan C. Volker

Sierra Club Legal Defense Fund, Incorporated
2044 Fillmore Street

San Francisco, California 94115

Dr. Dennis Murphy
Department of Biological Sciences
Stanford University
Stanford, California 94305-5020

Bob Pine

Office of Endangered Species
U.S. Fish and Wildlife Service
2800 Cottage Way
Sacramento, California 95825



Dr. Don Erman

Department of Forestry and
Resource Management

21 Mulford Hall

University California, Berkeley

Berkeley, California 94720

Ms. Carla Markman, Chair
Conservation Committee

American Fisheries Socisty

c/o Department of Fish and Game
1701 Nimbus Road

Rancho Cordova, California 95670

Mr. George R. Baumli

State Water Contractors _
555 Capitol Malli, Suite 575
Sacramento, California 95814

Harold Mevyer

Water Resources Management; Incorporated

1851 Heritage Lane, Suite 172
Sacramento, California 95815

Margaret Johnston, Executive Director
Aquatic Habitat Institute :
180 Richmond Field Station

1301 South 46th Street, Building 180
Richmond, California 94804

Susan Joseph

Downy, Brand, Seymour, & Rohwer
555 Capitol Mall, 10th Floor
Sacramento, California 95814

David Anderson

Department of Water Resources
Office of the Counsel

1416 Ninth Street

Sacramento, California 95814

Office of Planning & Research
State Clearing House

1400 Tenth Street
Sacramento, California 95814

Dr.'Randy Brown

Department of Water Resources
Central District

3251 S Street

Sacramento, California 95816

Ken Lentz »

U.S. Bureau of Reclamation
2800 Cottage Way
Sacramento, California 95825

" Chris Bowman

Sacramento Bee
2100 Q Street

. Sacramento, California 95816
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Diana Jacobs

State Lands Commission

1807 13th Street
Sacramento, California 95814

Phil Hogan

Soil Conservation Services =
2020 Milvia

Berkeley, California 94704

Robert Shaffer

William Tully

U.S. Bureau of Reclamation
2800 Cottage Way
Sacramento, California 95825

Cay Goude

U.S. Fish and Wildlife Service
2800 Cottage Way
Sacramento, California 95825

Jim Canaday

State Water Resources Control Board
Division of Water Rights

Post Office Box 2000

Sacramento, California 95810

Barry Nelson

Save San Francisco Bay Association
Post Office Box 925

Berkeley, California 94701

Al Jahns )

Merron, Reid, and Sheehy

801 K Street, #2100
Sacramento, California 95814

Dr. C. David Vanicek :
Department of Biological Sciences
California State University, Sacramento
6000 J Street

Sacramento, California 95819

Steven A. McAdam

San Francisco Bay Conservation
and Development Commission

Thirty Van Ness Avenue, Suite 2011

San Francisco, California 94102



uU.S. Army Corps of Engineers
San Francisco District

211 Main Street
San Francisco, California 94105-1905

Robert Helwick, Senior Attorney
East Bay Municipal Utility District
Post Office Box 24055

QOakland, California 94623

Jim Aurthur

U.S. Bureau of Reclamation
2800 Cottage Way
Sacramento, California 95825

Nadine Kanim

U.S. Fish and Wildlife Service
2800 Cottage Way
Sacramento, California 95825

Wayne White

U.S. Fish and Wildlife Service
2800 Cottage Way
Sacramento, California 95825

Robert King

California Striped Bass Association
1761 Circle Drive

Isleton, California 95641

Jay Sorensen

California Striped Bass Association
Post Office Box 9045

Stockton, California 95208

James Crenshaw

Striped Bass Stamp Advnsory Commrttee
Route 4, Box 1275

Woodland, California 95695

Ron Perry

California Striped Bass Association
Waest Delta President

Post Office Box 2691

Antioch, California 94531-2691

Susan LeFever

Friends of the River

1228 N Street, Suite 24
Sacramento, California 95814

Pacific Gas and Electric Company
Post Office Box 7442
San Francisco, California 94120
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916) 327-5957

April 2, 1993

Los Angeles Times
Times Mirror Square
Los Angeles, California 90053

ATTENTION: LEGAL NOTICES

Pleasa publish the enclosed Public Notice on any two days during the week of Apirl 4, 1993
through April 10, 1993. Send an invoice and proof of publication to:

Celeste Cushman :
Assistant Endangered Species Coordinator
California Department of Fish and Game
Natural Heritage Division

" 1416 Ninth Street
Sacramento, California 95814

- Thank you.

|
Sinceresly,.
Celeste Cushman, Assistant Coordinator
Endangered Species/Tax Check-off
Natural Heritage Division
CC:kyb
Enclosure

 be: Mr. Boyd Gibbons
’ Director

Mr. Banky E. Curtis
Deputy Director

Ms. Susan A. Cochrane, Chief
* Natural Heritage Division

Mr. Ron Pelzman
Assistant Executive Director
Fish and Game Commission

SAME LETTER SENT TO NEWSPAPERS ON ATTACHED LIST
CUSHMAN:kyb
FILE: SAC, CC! SUBJECT
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The Sacramento Bee

P.0O. Box 15779
Sacramento, California 95852

The Stockton Racord
P.0. Box 800
Stockton, California 95201

Fairfield Daily Republic

P.0. Box 47 -
Fairfield, California 534533

San Francisco Chronicle
901 Mission Street

San Francisco, California 94103

Contra Costa Times
P.0. Box 5088

Walnut Creek, Califomia 94596-1088

Los Angeles Times
Times Mirror Square
Los Angeles, California 90053
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Report to the Fish and Game Commission:
A Status Review of the

Delta Smelt (Hypomesus transpacificus)

‘in-California”
EXECUTIVE BUMMARY - en

This report was prepared in response to a petition received by
the Fish and Game Commission from Dr. Peter B. Moyle of the
University of california at Davis to list the Delta smelt
(Hypomesus transpacificus) as an Endangered Species under the
authority of the california Endangered Species Act (Fish and Game

Code Sections 2050 et seq.).

On August 23, 1989, pursuant to the Section 2074.2 of the
California Endangéred Species Act (CESA), the Commission
determined that the petition contained suffiéient information to
indicate that the petitioned aétion may be warranted. Pursuant
to Section 2074.6 of CEsa, the Department undertook a reyiew of
this petition. Based on the best scientific information
avail&ble_on the Delta smelt, the Department has evaluated

whether, in‘fact, the petitioned action should be taken.

'~ Information and comments on the petitioned action and the Delta

1/ Prepared August 1990.
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smelt were solicited from 1nterested partles, management

agenc1es, and the sc1ent1f1c community.
This report presents the results of our review and analysis.

Findings o -

The Delta smelt is a small fish endemic to the Sacramento-San
Joaquin Estuary. Delta smelt are euryhaline and much of thé year
are typically most abundant in the entrapment zone, whére
incoming saltwater and outflowing freshwater mix. This species

feeds exclusively on zooplankton, spawns in freshwater, and

usually only lives for one year.

Information from six different data sets all indicate that the
population of Delta smelt has declined. The best measures, based
on the summer townet and fall midwater trawl surveys, indicate
that abundance of this species has been consistently low siﬁce
1983. Based on the midwater trawl survey, the;average population
since 1983 has been only about one-fifth of the average

population level from 1967 to 1982, and one-tenth of the peak
level in 1980. |

Conclusjons

Although the petitioner requested that the species be listed as

endangered, the Department finds that the Delta smelt should be
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listed as a threatened species, based on Section 670.1(b) of
Title 14 of the California Code of Regulations and Section 2072.3

of the Fish and Game Code. The Department’s findings are based

on the following:

1. The recent decline in the copepod, Eurytemora affinis, a
major diet component of the Delta smelt, must be considered
as a potential threat to the smelt’s recovery unless other
food resources compensate or this copepod recovers to its

former abundance.

2. Although spawning stock abundance may- not have been an
important factor in Delta smelt year class success in the
past, present‘or future low stock levels may inhibiﬁ the
potential for popﬁlation recovery. The relatively low
fecundity of this species and its planktonic larvae, which
undoubtedly incur high rates of mortality, indicate that
Year class success of the Delta smelt must depend on:

reproduction by fairly large numbers of fish.

3. The relatipnship between Delta smelt abundance and water
diversions is not clear. Delta smelt are ecologically
similar to young striped bass which have been severely
impacted by water diversions. Whether or not water

diversions are directly responsible for the Delta smelt



population decline, their drain on the population may be a

significant factor inhibiting recovery.

Although there is no direct evidence of Delta smelt
suffering direct mortality or stress from toxic substances,
such substances cannot be eliminated as haVing adverse

effects on the population.

There is no evidence that Delta outfiow has had major

effects on Delta smelt abundance.

No research has been done to determine if the wagasaki, a
closely related species introduced into several reservoirs

in the Delta drainage, hybridizes with or competes directly

with the Delta smelt.

A number of exotic fish and invertebrate species have been

introduced into the Sacramento-San Joaguin Estuary.

-Although none of these species can be directly linked to the

~ decline in Delta smelt, their presence may inhibit the

smelt’s recovery.
Diseases and parasites of Delta smelt have never been

studied; thus, there is no evidence concerning their role in

the population decline. Should they be important, they
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could prevent the recovery of Delta smelt from current low

population levels.

Althdugh competition and predation cannot be ruied out as
threats té Delta smelt, the available evidence suggest that
they are not a major threat. In fact, several potential
competitors or predators also show signs of population
erosion approximately coinciding with or preceding the

decline of Delta smelt.

The Delta smelt population trend; certain life hiSto:y
attributes, and environmental threats ténd to support
listing. The scientific information is'insufficient,
however, to determine whether the population is low enough
that it is in imminent dangér of extinction. This is a
complicated scientific determination, and no study which
might be implemented will provide a conclusive answer in the
next few years. Meanwhile, the popﬁlatioh might become
extinct. The most prudent action, therefore, is to list the

Delta smelt as a threatened species.
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Recommendations

Listing:

The Commission should find that the Delta smelt is a

e

threatened species.

The Commission should publish notice of its intent to amend
Title 14 CCR 670.5 to add the Delta smelt (Hypomesus
transpacificus) to its list of Threatened and Endangered

Species.

Management and recovery objectives:

Improve species identification and fish handling procedures
at the existing State and Federal Water Project diversions
from the Delta. Such actions could reduce present

entrainment losses to these major diversions.
Modify pumping strategies at the State and Federal Water
project diversions to reduce entrainment losses during

periods when delta smelt are most abundant.

Increase spring and summer delta outflows to maintain the

entrapment zone and major delta smelt nursery in the Suisun
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Bay region where food supplies are greater that in the Delta

and exposure to diversions is minimal.

'4. Support regulations restricting ship ballast water-
discharges‘to eliminate or minimize new introductions of
potentially harmful exotic species. S 2244 and HR.4214
currently being cohsidered by the U.S. Congress would create

such regulations.

5. Evaluate losses to agricultural diversions in the Delta.
Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.

6. Remove water project diversions from the Delta. Moving the
diversion intakes to the Sacramento River upstream from the
major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for the purpose

of creating "refuge" populations.

Public Responses

During ‘the twelve month review period, the Department contacted a
number of affected and interested parties, invited comment on the

‘petition and our draft status review, and requested any

ix



addiﬁional scientific information that may be available. A copy
of the Public Noticé and a list of parties contacted are
contained in Appendix A. A summary of cbmments on the draft
status review is in Appendix B. Scientific cbﬁments Qill bé
addreésed as part of the regulatory proceedings should the

Lo 3

commission find that the petition warrants action.
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Report to the Fish and Game Commission:

A Btatus Review of the

Delta Smelt (Hypomesus transpacificus)

in californiaV

INTRODUCTION

Petition History

On June 13, 1989, the Fish and Game Commission (Commission)
received a petition from Dr. Peter B. Moyle of the University of
California at DaQis, requesting State listing of the Delta smelé
(Hypomesus transpacificus) as an Endangered Species. The
Department of Fish and Game (Department) reviewed the petition
and recommended to the Commission that they accept it as complete
pursuant to Sections 2072.3 and 2073.5 in the California
Endangered Species Act (Fish and Game Code Sections 2050 et segq.)
and that the petitioned action may be warranted. on August 29,
1989, thelcémmission accepted the Department’s recommendation and
designated'the Delta smelt as a Candfdate Species as provided for
in Section 2074.2 of the Caiifornia Endangered Species Act

(CESA). That action initiated a twelve-month review period, .

1/ Prépared August 1990



pursuant to Section 2074.6 of CESA, within which the Department
must review the best scientific information available on the
Delta smelt and provide a written report to the Commission

indicating whether the petition is warranted.

Department Review

This report contains the results of the Department’s review, and
a recommendation to the Commission, based on the best scientific
information available, whether or not the petitioned action is

warranted. It also identifies the habitat that may be essential
to the continued existence of the species and suggests management

activities and other recommendations for the recovery of the

Delta smelt.

During the twelve month review period, the Department contacted
affected and interested parties, invited commené on the petition
and our draft status review, and requested any additional
scientific information that may'be available, as required under
Section 2074.4, Fish and Game Code. A copy of the Public Notice
and a list of parties contacted are contained in Appendix A. A
summary of comments on the draft status review is in Appendix B.

Scientific comments will be addressed as part of the regulatory

Lz;-;;-/;
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proceedings should the Commission find that the petition warrants

action.

LIFE HISTORY

Description

The Delta smelt is a small, slender-bodied fish, with a typical
adult size of 55-70 mm (standard length), although some may reach
. 130 mm. This fish has a small, flexible mouth with a maxilla
(upper jaw bone) which does not extend past the middle of the
eye. When pressed against the body, the pectoral fins reach
less than two-thirds of the way to the pelvic fin bases. The
upper and lower jaws contain small, pointed teeth. Live Delta
smelt have a steely blue sheen on the sides and appeaf to be
almost translucent‘(Moyle 1976) . Delta smelt, like other
members of the fﬁmily Osmeridae, have an adipose fin.

Additional, more detailed descriptive information can be found in

Moyle (1976).

Taxonomy

The confusing taxonomy of this species is described in Moyle .
(1976). The Delta smelt was once thought to be a population of

the widely distributed pond smelt, Hypomesus oljdus. The two
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were recognized as distinct species by Hamada (1961), who renamed
the Delta smelt H. sakhalinus and retained the name H. olidus for
pond smélt. It was later determined, however, that H. olidus
does.not occur in California waters, and McAllister (1963)
redescribed the Delta smelt as H. transpacjificus, with Japanese

and California subspecies, H. t. nipponensis and H. t.7 7

transpacificus, respectively. Subsequent work has shown that

these two subspecies should be recognized as species, with the
Delta smelt being H. transpacificus and the Japanese fish

(wagasaki) being H. nipponensis (Moyle 1980).
Range

The delta smelt occurs only in the Sacramento-San Joaquin

Estuary.

Delta smelt feed exclusively on zooplankton. Department
biologists examined gut contents of two 8 mm and 9 mm delta smelt
larvae captured in 1988 which had eaten harpacticoid copepods,
calanoid copepods and copepod nauplii. The diet of 20-mm to
40-mm-long juveniles ;ollected by the Department in 1974 was

comprised mainly of calanoid copepods, especially Eurytemora

affinis, which was the dominant food (Table 1). There was no

evidence of a major shift in diet as the smelt grew larger.

[}



Table 1. Items in the diet of delta smelt collected from the townet survey
at station 519 on June 28 and July 13, 1974. :

Length ~ Total Number (fyclopidae Eurytemora Diaptomus Harpacticoid Neomysis Other
group (mm) fish w/food = = = semececcenr crevace.- copeppd -------- copepod
20-24 2 1 2 e
25-29 18 17 117 1 1 8
30-34 18 17 2 585 1 45
35-39 12 12 0 220 1 3%



Moyle and Herbold (MS) é#amined the diet of delta smelt from 15
samples collected at various times from 1972 to 1974 and for two
fall samples collected in 1988. They found copepods to be the
dominant diet item and the opossum shrimp, Neomysis mércedis, was
second. E. affinis was the primary copepod in stomachs in the
1972-1974 sample. Pseudodiaptomus fbrbesi, an accideﬁ%gily
introduced exotic copepéd which first became abundant in spring
1988, was an important diet item that year. ‘The amphipod,

Corophium sp, and two cladocerans, Bosmina sp. and Daphnia sp.,

were also eaten.

Reproduction and Growth

Spawning occurs in freshwater at temperatures of 7-15°C (Wang
1986). It generally takes place from February through June,
probably mostly in the dead end sloughs (Radtke 1966) and shallow
edge-waters of the channels of the Delta (Wang 1986) and the
Sacramento River. Catches of young delta sﬁelt; 20-30 mm in
length, during salmon seine surveys in May document the
occurrenﬁe of spawning in the Sacramento River (Table 2). Some
spawning has also been recorded in Montezuma Slough, near Suisun
Bay (Radtke 1966, Wang 1986). Each female deposits from 1400 to
2900 demersal, adhesive eggs on substrates such as rock, gravel,
tree rooté, and submerged vegetatidﬁ (Moyle 1976; Wang 1986;

Moyle and Herbold, MS). Eggs probably hatch in 12-14 days if
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Table 2.

Number of seine hauls in parentheses.

Site

Isleton
Ryde
Clarksburg
Garcia Bend

Mouth American
River

C/H

0.0

0.0

Feb

0

0y

o .

(2)

2)

FL

C/K

1.3

0.0

1.5

0.0

Mar

3

2)

(¢))

%)

(5)

FL

69

46

C/H

0.0

1.2

5.8

0.2

. 0.0

Apr

@)

(%)

(4)

(%)

3)

Catch per haul (C/H) sand mean fork length in millimeters (FL)
of delta smelt at Sacramento River beach seine sites in 1978.

FL

7

C/H

2.0

13.3

70.7

5.7

0.2

May

QD]

3

3

3

(&)

22

24

26

26

C/K

0.0

June

FL

(0)

)]

0)

()]

hH



developmental rates are similar to those of the closely related f

wagasaki (Wales 1962). ' -

After hatching,.larvae float to the surface (Moyle 1976) and many
are carried by currents downstream to the mixing (entrapment)
zone (see "Distribution and Essential Habitat"). VGrcwth is
rapid; juvenile smelt are 40-50 mm long by early August (Erkkila -
et al. 1950, Ganssle 1966, Radtke.1966). Adult lengths are Tj
reached by the time they are 6 to 9 months old (Moyle 1976).
Thereafter, they only grow another 3-9 mnm, presumably because
most energy is being channeled into the development of gonads

(Erkkila et al. 1950, Radtke 1966). ‘ ‘ .

Most Delta smelt die after spawning, although a few may survive
to be 2 years old. There is evidence that almost total
reproductive failure can occur in some years. Erkkila et al
(1950), for example, collected no young-of- the-year smelt in .
their second year of sampllng, although their previous year’s E

data suggested that large numbers should have been present.

DISTRIBUTION AND ESSENTIAL HABITAT ' ' .

Delta smelt are euryhaline, and much of the year are typically

most abundant in the entrapment zone (Arthur and Ball 1979) where



incoming saltwater and outflowing freshwater mix (Tables 3, 4,
and 5). This mixing effect allows organisms which swimvpoorly,
such aé_zooplankton and larval fish, to remain in the entrapment
zone rather than being flushed out to sea. Hence, delta smelt
spend their life from the larval period to pre-spawning adulthood
in the Delta and brackish areas downstream, particulag}xﬁthe
Suisun Bay region (Ganssle 1966, Radtke 1966, Moyle and Herbold
1989). Surveys by the San Francisco Bay - Outflow Study, which
has sampled fish in the Estuary from San Francisco_Bay to the
western Delta sinqe 1980, indicate that delta smelt thin out in

San Pablo Bay and are virtually non-existent in San Francisco Bay

(Table 3).

Summer townet and fall midwater trawl surveys (pages 17 to 23),
conducted by tﬁe Department.for young striped bass (Morone
saxatilis), indicate delta smelt are most frequently caught where
specific conductance ranges from 500 to 8000 microsiemengl(Tables
3, 4 and 5). These surveys also demonstrate that the
geographical distribution of delta smelt during summer and fall
is strongly influenced by delta outflow. As flows increase and
saltwatgr is repelled, more of the population occurs in Suisun

and San Pablo bays and less occurs in the Delta (Figures 1 and

2).



Tabte 3.
1980- 1988,

Area '

San Francisco Bay (16)
San Pablo Bay (8)

Carquinez Strait and
Western Suisun Bay (6)

Eastern Suisun Bay (3)

Western Delta (2)

Total

Number of sampling sites in parentheses.

Jan

61
18

30

113

Feb

46
24

13

Mar

29

15

15

145

Apr

37

10

53

May

12

Month
Jun  Jul
0 0
1 0
55 70
8 16
20 12
84 98

10

Aug

94

37

23

154

Sep

71

54

55

180

San Francisco Bay - Outflow study catch of delta smelt by month and areas,

Oct

54

36

12

170

Nov

40

33

82

Decn

38

12

32

a3

Total

95

608

307

252

1262

ol



Table 4. Summer townet survey catch frequencies for delta smelt by specific conductance
(EC) ranges, 1969-1988.

EC
(microsiemens)
No Data

1-499

500-999

1000- 1999
2000-3999
4000-5999
6000-7999

>8000

Total

1/ EC was not measured prior to 1969 even though the survey
started in 1959,

0

541
105
38
34
3
22

338

118

1-4

170

51

31

41

30

21

96

444

52
13
15
15

11

32

150

1/

Numbers of smelt per catch

17
16
10

1

14

82

10.

o7

11

13

17

22

1

17

123

16

14

14

76

>100

14

10

10

54

Number

Total ;atches
Samples™ <30
19 10
856 315
229 124
138 100
148 114
104 73
79 57
521 183
2094 976

Percent

with

smelt
52.6
36.8

54.1

77.0

70.0

72.1

35.1

46.6




Table 5. Fall micwater trawl catch frequencies for delta smelt by specific conductance
(EC) ranges, 1967-1988.

Numbers of smelt per catch

Percent
© Number  catch
| EC ' Total  Catches™ &ith
(microsiemens) 0 1-4 5-9 10-14 15-19  20-49 »50 Samples >0 smelt
No Data 9 0 0 0 0 0 0 9 0 0
1-499 1756 . 604 103 30 16 T 4 2540 784 30.8
500-999 311 137 35 21 7 12 5 528 217 41.1
. . 3
1000- 1999 224 128 43 18 10 18 2 443 219 49.4 J
2000-3999 269 141 44 30 9 14 5 512 243 47.4
4000-5999 264 97 45 v 10 12 1 418 174 46.1
6000-7999 202 67 23 10 5 9 1 317 115 36.3 B
>8000 4547 173 24 9 9 1 4 Q777 230 4.8 L

Total 7562 1347 317 127 66 103 22 9544 1982 20.7 : .
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CDFG TOWNET SURVEY — DELTA SMELT DISTRIBUTION

SURVEYw |

100
s0l
80 1
701
607
507
40 1
301
20 1
107
01

3.0 v3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 3.0 5.2

~“EZMOBIMY

xCcw—Cw

MMO X+

LOG10 OUTFLOW
SURVEY=2

1001
90 1
80 1
70
60 1
30
401
30 1
201
107 59

0+

3.0 3.2 3.4 3.6 3.8 4.0 4.2 &4 4.6 4.8 5.0 8.2

77 84
]

XCWhHeCWLW ~“EXMOB3IMY

MMO Xse
-

LOC10 OUTFLOW

Figure 1. Relationship between the portion of the delta smelt
population occurring west of the delta and log delta
outflow during the survey period. Data are from the
summer townet survey. For arcsine transformed
percentages, R’= 0.74 for survey 1 and R>= 0.55 for
survey 2. '
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In late winter and spring, as the spawning period épproaches,
adult delta smelt disperse widely into freshwater, as far
upstream in the Delta as Mossdale on the San Joaquin'Rivef
(Radtke 1966) and (as indicated by trawling and seining during

recent chinook salmon, Oncorhynchus tshawytscha, surveys) the

mouth of the American River on the Sacramento River (Tables 2 and

6).

Delta smelt live principally in the upper portion of the water
column. During a 1963-1964 sﬁrvey of delta fish populations a 10
foot by 1obfoot surface traﬁl captured 1960 delta smelt while a
15 foot by 5 foot otter trawl only captured 461 delta smelt.
‘These results were obtained despite the otter trawl constiﬁuting
60 percent of this surveys effort of about 1800 tows (Radtke

1966, Turner 1966).

ABUNDANCE

Information from five Interagency Ecological Study Program
monitoring programs and one University of California program was

summarized to evaluate recent trends in delta smelt abundance:

1. the summer townet survey for young striped bass,
2. the fall midwater trawl survey for young striped bass,
3. the San Francisco Bay-Outflow Study’s monthly midwater

trawl survey,

15



m Y“Yle 6.
at Clarksburg,
more recent years.
May
Mean . No.
Year Catch Length Tows Catch
1976 218 79 147 69
1977 242 N/M 443 117
1978 ¢] 8
1979 0 15
1980 0 6
1981 0 29

June
Mean

Length

80
N/M
82
78
84

80

16

550

127

100

240

139

Catch of Delta Smelt by midwater trawl in the Sacramento River
1976-1981. This site has not been sampled in

N/M means not measured. Lengths in mm.

July
Mean
Catch Length

84

o



4, the seine and midwater trawl monitoring of young
chinook salmon,

5. ;salvage" of fish at the State and Federal water
project fish.screens in the south Delta, and

6. fhe Universityrof California, Davis, Suisun Marsh fish

survey. ’ - en

While these data sets all provide information on delta smelt
abundance at the time and location of sampling, each_has,inherent
strengths and weaknesses in depicting the true population trend.
These strengths and weaknesses are discussed as appropriate in

the subsequent sections of this report.

Summer Townet Survey

The Department has condﬁcted semi-monthly tow net surveys in the
Delta and Suisun Bay, from late June to early August, each year
since 1959n(except 1966) to index the abundance of young striped
bass. On each survey run, three tows are made at each of about
30 sites from San Pablo Bay upstream through most of the Delta
(Figure 3). Each survey run takes 5 days, and runs are made at
2-week intervals until the young bass average 38 mm_(l,s_inches)
in length. The number of runs has varied from two to five
annually . The sampling gear and methods are described in detail
by Calhoun (1953), Chadwick (1964), Turnér and Chadwick (1972)

and Stevens (1977). Catches of delta smelt are a by-product of
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this survey and records of tﬁese catches were kept in all years
except 1967 and 1968. Anndal abundance indices for delta smelt
were calculafed by summing, over all sample sites; the products
of: total catch in all tows at a site x water volume.in acre
feet (Chadwick 1964) represented by that site. Delta smelt
abundance indices were calculated only for the first twgo survey
runs since runs 3,4, and 5 were not made in}all years.. The delta
smelt abundance index is the mean of the abundance indices for
the two runs after dividing by ‘1000 té scale the index for

convenience. (Appendix C)

This survey provides good‘coverage of the delta smelt nursery
and, in general, should yield an excellent index of young delta
smelt abundapce during early summer. In high flow years,

however, the townet survey may undersample the population becausé,
many young smelt are washed downstream to San Pablo Bay or

beyond.

The townet survey abundance index shows that annual production of
young delta smelt has been quite variable since the survey began
in 1959. The peak index of 62.5 in 1978 was 78 times greater
than the lowest index of 0.8 in 1985. Abundance has been very
low every year since 1983 including, the present year; 1990

(Figure 4). Similar low abundance indices occurred in several
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earlier yearé (1963,1965,1969), but never for consecﬁtive years.
Thus, the townet results indicate that there has been a collapse

in the production of young delta smelt.

Fall Midwatef Trawl Survey

e

Starting in 1967, a 12 ft X 12 ft midwater trawl has been used to
measure abundance of yoﬁng—of;the-year striped bass and other
species, including delta smelt, during_the fall. About 87 éites
are sampled from San Pablo Bay.upstream to Rio Vista on the
Sacramento River and Stockton on the San Joaquin River (Figure 5;
Stevens 1977). Originally, the midwater trawl.survey was done
monthly from August or September through the‘following March.
However, due to extraneous variability in striped bass abundance
indices caused by pulses of high winter runoff, sampling has been
restricted since 1980 to September thrdugh December. Surveys
were not conducted in 1974 or 1979 or in November 1969 and

September and December 1976.

Delta smelt, which on average are smaller than young striped bass
during the fall, prbbably are at least equally vulnerable to
capture by this survey. This survey providés reasonable coverage
of thé delta smelt population and should yield réa$onable

measures of the ultimate success of each year class.
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Monthly abundance indices for delta smelt were calculated by
summing, over ali‘sampling sites, the product of: the mean catch
per 12 minute toﬁ'in 17 subareas of the Estuary-x the water
volume in each subarea (Appendix D). The annual-totai abundance
index is the sum of the monthly indices for September through
December. Abundance indices for the surveys missing in 1969 and
1976 were estimated by interpolation or extrapolation of the

months actually sampled.

Like the summer townet survey, the falllmidwater trawl survey
indicates that ébundance of delta smelt has been highly variable,
and has suffered a major decline (Figure 4). The peak fall index
of 1678 occurred in 1970 and was 15 times gfeater than the
minimum fall index of 109 which occurred in 1985. A general
downward trend in fall abundance appears to extend back to the
peak population of 1970 interrupted by a high index in 1980. The
fall index has been consistently low since 1983 and from 1983 to

1988 was lower than in any previous year.

San_Francisco Bay - Outflow Study

Midwater trawl catches of delta smelt by the Interagency
Ecological Study Program’s San Francisco Bay - Outflow Study .
provide yet another set of delta smelt abundance measures. These

measures are based on catches of smelt as small as 25 mm up to

23




adult size and are available from 1980 through 1988. They are
based on monthly sampling (12-minute tows) at 42 locations
extending from South San Francisco Bay to the western Delta

(Figure 6).

The Bay-Outflow Study survey is comprehensive in that™it samples
monthly throughout ﬁhe year. Its main deficiency in measuring
delta smelt abundance is that it does not sample in the Delta
east of Antioch and Collinsville; thus, a portion of the delta
smelt’s geographical range is not covered. This is particularly
important in dry years when the population is concentrated in the

Delta.

Typically, the Bay-Outflow survey’s delta smelt catches peak from
August to October 55 the new yeér class grows to a size at which
they become vulnerable to capture by the sampling gear (Table 7).
Average catches remain moderate through March and then decline
into May when the bulk of the adults are spaWning upstream from
the sampling area and begin to die out. A few remaining adults

and the next year class appear in the catches in June and July.

Bay survey catches show a striking decline in delta smelt
abundance after 1981 (Figure 4). The 1981 catch rate was about
twice that for 1980 but since 1981 there has been an irregular

but persistent decline leading to a catch rate in 1988 that was
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Table

Year
1980
1981
1982
1983
1984
1985
1986
1987

1988

Total

7.

San Francisco Bay - Outflow study catches of delta smelt

by month and year.

Jan Feb Mar Apr May Jun Jul Aug Sep

1 4 37 2 0 53 31 51 20
27 46 26 19 3 23 15 39 53
41 15 9 5. 4 4 35 13 7
30 12 41 5 1 2 1 15 29

2 5 14 21 4 0 5 11 29

5 1 1 0 0 1 4 2 1

1 3 14 0 0 1 1 23 21

6 0 2 1 0 0 6 0 4

0 2 1 0 0 0 0 0 16

113 88 145 53 12 84 98 154 180

26

Oct Nov
36 4
ig(‘ 11

9 7
66 14
5 6
1 0
29 9
0 25
5 6
170 82

Dec

26

22

83

171
219
107

37
108

44

30

1262



only about one-tenth that for 1981. All of the catch rates since
1984 have been lowér than in any previous year. The trend in
catch frequency is consistent with the trend in annual catch
rates. From 1981 through 1984, delta smelt were caught during
all monthly surQeys (Table 7). During 1985 and 1986 they were
caught during 9 and 10 surveys, respectively. >De1ta~§aglt were
caught only during 6 of the 12 monthly surveys in 1987 and only

during 5 surveys in 1988.

Based on the Bay-Outflow Study data, the current population of
delta smelt is distinctly depressed. Part, but by no means all,
- of this depressidn likely is due to incomplete coverage of the
delta smelt’s geographical range: four of the five years since
1983 have been low flow years and the population has been

concentrated in the Delta.

Salmon Survey Trawl and Seine Catches

The Interagency Program has used midwater trawl and seine surveys
to measure annual abundance of young chinoock salmon. These
sﬁrveys are currently administered by the U.S. Fish and Wildlife
Service. Delta ﬁmelt are an incidental catch in these»salmon

surveys.
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The primary trawl survey has been conducted from April through
June, since 1976, at Chipps Island in upper Suisun Bay. Data
from this survey currently are available through 1987. A major
deficiency of delta smelt abundancé measures from this trawl
survey is that the survey only samples at one location,.thus the
indices are affected by annual differences in delta smelt
distribution. Nevertheless, the catches may still reflect major

changes 1in population status.

The seine survey generally has sampled about 23 sites at beaches
in the Delta and Sacramento River upstreanm to the mouth of the
Americaﬁ River (Figure 7). This survey is run several times each
month from January.to April, May, or June. Data currently are
available from 1977 to 1989. Since the sampling is entirely in
the Delta and the Sacramento River and in late winter and spring,
catches primariiy reflect numbers of delta smelt ﬁndertaking
their spawning migration, although, occasionally, young smelt

around 20-30 mm long also have been taken.

As for the other data sources, catches of delta smelt in the
salmon surveys were low during the most recent years. In the
Chipps Island trawl survey, the catch of delta smelt fell
dramatically in 1985 (1984 year class) and remained low in 1986
and 1987 (Figure 4 and Table 8). Catches during these years were
considerably lower than in any previous year except 1977 when a

drought caused salinity encroachment and most of the delta smelt

28
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Table

Year
1976
1877
1978
1979
1980
1981
1982
1983
1984
1985
1986

1987

8.

trawl survey in the
April-June,

April

2.48(101)
3.83( 77)
0.69( 65)
14.15( 52)
1.46( 43)

7.73( 67)

' 15.94( 73)

0.91( 86)
0.23( 95)

0.25(159)

1976-1986.

May
3.38(-76)
0.00(174)

2.28( 90)

1.18( 78)

0.49( 81)
3.69( 61)
4.07(121)
4.27(128)
1.85( 99)
0.05(298)
0.19(288)

0.21(290)

June

15.54 (188)
0.01(227)
15.06(174)
14.02(190)
16.88(252)
16.11(124)
2.08(125)
2.85(146)
4.78(164)
0.11( 45)
0;28(145)

0.00( 43)

Catch of delta smelt per tow during the chinook salmon
western Delta at Chipp’s Island,
Number of.tows in parentheses.

Mean Apr-Jun

ol
o
'—l

[0,
(98}
S

6.02

11.32

ol



population probably moved upstream from the sampling site. The
relatively high average catch of more than seven delta smelt per
tow in 1984 (1983 Year class) also.is inconsistent yith thg
populatibn trend depicted by the broader based surveys and again
may reflect an anomalous smelt distribution relative to the

single sampling location.

In the seine survey, the lowest average catches of adult delt?
smelt occurred in 1980 and 1984-1989 (Figure 4 and Table 9). The
reason for the low catch in 1980 (1979 year class) is unknown.
Howevef, the persistent low catches from 1984-1989 (1983-1988
year classes) are consistent with the population decline

exhibited by the fall midwater trawl and summer townet surveys.

Salvage at SWP and CVP Fish Screens

Fish salvage operations at the State Water project (SWP) and the.
U.S. Bureau of Reclamation’s Central Valley Project (CVP) fish
screens provide huge samples of fish populations in the Delta;
however, a major deficiency relative to measuring fish pépulation
trends is that all of the sampling occurs at only one location so
the samples are affected by annual variations in the geographical
distribution of each speciés. The salvage is also affected by
seasonal and annual variations in water export fatés, which

affect numbers of fish that are diverted and screening
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rTable 9. - Mean monthly catch of adult delta smelt per haul
during the chinook salmon seine survey in the
Sacramento-San Joaquin Delta, January-April 1977-1987.

Mean monthly

Year catch per haul ' ' No. hauls
1977 0.39 | 152
1978 | | - 0.93 105
1979 . ' 1.34 . 250
1980 ' 0.10 ‘ 359
1981 | 1.75 . 397
1982 o 0.34 352
1983 0.20 321
1984 ' 0.08 : 291
1985 0.09 321
1986 0.10 222
1987 0.06 238
1988 0.01 - 233
1989 ' - 0.01 . 281
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efficiency. Also, at times, particularly.before 1979 at the CVP,
there have been species identification and other data quality
problems. .Nevertheless, considering the lengthy period of fish
salvage information, the records provide another independent,
albeit imperfect, source of information on the delta smelt

population trend. e -

Salvage of delta smelt has been monitored since 1968 at the SWP
fish screens and since 1979 at the CVP screens. Estimates of
tofal smelt (delta smelt and longfin smelt) salvage provide
additional information on smelt trends at the CVP back to 1973.
Salvage estimates represent numbers of fish screened from the
water that is exported from the Delta, but ovér-represent numbers
of fish that are actually saved because many of these salvaged
fish die due to the handling and trucking that is necessary to
return fish to the Delta, and to predation by larger fish at the

release sites.

Total salvage is estimated from estimates for consecutive periods
(typically 2 hours long) based on the salvage rate (fish per
minute entering the holding tanks) during each period. These
salvage rétes are estimated from fish counts ranging from one
minute to'the total length of the peribd. Sample counts are
expanded to account for the amount of water exported when counts

were not made. Because numbers of fish salvaged are affected by

33



the amount of water diverted, salvage per-acre—foot diverted was

also examined.

At the SWP, delta smelt salvage estimates were'iess fhan 300,000
fish in the initialltwo years of sampling, 1968 and 1969, but"

- exceeded 300,000 fish, ranging up to more than 1 milTi8n fish in
1970 and 1974 (Figure 8). 1In 1977, there was a precipitous
decline to 146,000 fish from 856,000 fish the previous year.
Salvage increased to about 238,000 delta smelt in 1978; however,
since 1975, the salvage of delta smelt has been consistently low,

less than 60,000 fish, and as low as 3,600 fish in 1986.

At the CVP, the estimated salvage of delta smelt was on the order
of 45,000 fish in 1979 and 1980, when smelt species

idenﬁification began (Figure 9,. In 1931, the estimate increased
to about 275,000 fish, but since 1982, saivage has been very low,

ranging from 2,800 to 34,000 fish.

Despite the lack of smelt species identifications, total smelt
salvage estimates suggest that, as at the SWP, CVP salvage of
delta smelt tended to be greater from 1973 to 1978 than it has
been since 1979. Except in very recent years when the delta
smelt population has been very low, the vast majority of
identified smelt have been delta smelt at both the CVP and SWP

(Table 10). All of the pre-1979 CVP estimates of total smelt
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Table 10. 'Percentage of smelt salvage at State and Federal
Water Project fish screens formed by delta smelt,

1968~1989. :
State Water Project Central Valléy Project
Year Percent delta smelt Percent delta smelt
1968 106.0 | |
1969 | 99.8 -
1970 , - 97.3
1971 30.0
1972 ' 98.9
1973 100.0
1974 100.0
1975 100.0
1976 100.0 -
1977 : 78.6
1978 . - 98.5
1979 78.3 54.9
1980 81.6 | 100.0
1981 ' 94.8  99.9
1982 99.6 | 100.0
1983 96.5 99.0
1984 88.5 o 55.4
1985 o 41.8 ' 80.6
1986 | 63.0 ' 94.3
1987 34.7 7.4
1988 28.6 : 54.7
1989 _ | 16.4 25.4
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salvage varied from about 130,000 to 311,000 fish, a level

-equaled subsequently only in 1981 (Figure 10).

Overall, salvage at the SWP and CVP fish screens has-trended

substantially downward since 1976 (Figures 4, 8, and 9), despite

a trend of increasing water exports (Figure 11) which~weuld lead

to increased salvage of fish if the smelt population was stable
~or increasing. The one anomaly in this trend is the estimated

salvage of 275,000 delta smelt at the CVP screens in 1981.

When sampling effort is considered, by calculating numbers of
smelt salvaged per acre-foot of water diverted, pre-1979
abundance patterns appear to change somewhat, but, as for total
salvage, subsequeﬁt salvage per-unit-effort measures are

extremely low (except for 1981 at the CVP) (Figure 12).

Hence, the CVP/SWP salvage records are consistent with the other .

data sets indicating that a major decline haé occurred in the
delta smelt population; however, considering the'sampling
deficiencies (all sampling in one locatiqn, seasonal and annual
variability in water export rate, and data quality control
problems) in these data bases, the midwater trawl and townet
surveys undoubtedly provide a better depiction of the timing and

magnitude of decline.
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yc pavi is sh Surve

Drs. Peter Moyle and Bruce Herbold and classes at the University
’of_California; Davis have used otter trawls to sample'fiSh
populations in Suisuh Marsh sloughs since 1979. They have
provided us with their delta smelt abundance index for the Marsh
based on the number of smelt caught per tow each year. Over the
il-year survey, the UC Davis classes collected 465 delta smelt,
all but one of which was collected before 1984 (Figuré 4). Delta
smelt were rather scarce when the survey began in 1979. Catches
improved considerably in 1980 and 1981 with the peak catch of 229
fish 6gcurring in 1981. Subsequently, in 1982 and 1983, delta
smelt abundance declined below the 1979 level, and since 1984

they have been virtually non-existent.

Because the UC Davis sampling locations are limited
geographically and because the geographical distribution of
delta smelt varies annually, we pelieve that other data sources
provide a better depiction of the overall population trend.
However, the UC Davis survey is consistent with the other data

sources in exhibiting a much lower current population of delta

smelt.
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usjions arding Delt m undance Tren

All delta smelt abundance indices have declined in recent years,
but the timing of their decline varies somewhat depénding on
which measure is used. The summer townet survey and fall
midwater trawl survey provide the best geographical coverage of
the delta smelt population; thus, they provide the best basis for
evaluating population trends. Information from the other data
sources confirms the general downward trend in delta smelt
abundance and allowed additional insight into-distribution

gpatterns not covered by the summer and fall surveys.

Based on the summer and fall surveys, the de}ta smelt population
has been consistently low every year since 1983. While the
population had been as low or neaxiy as low in some previous
years, no multiple year period of low abundance had occurred

'previousiy during the period of record beginning in 1959.

Looking at the decline by geographical areas (Figures 13 and 14),
it is apparent that the delta smelt decline may have begun
earlier in the south and east delta thah in the rest of the
Estuary. An earlier decline in these areas is consistent with
.the decline suggested by the fish salvage data from the water

project diversions in the south Delta.
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Except for the years since 1981, the fall indices do not show
good agreement with the summer indices, possibly reflecting

imprecision in one or both data sets, or that before 1981

environmental factors modified year class strength substantially

between summer and fall. In either case, the delta smelt
population decline since 1983 appears to have been a_djrect

result of lower recruitment to the summer population.

For further insight into the nature of the decline, we examined
the percent of the townet and midwater trawl survey tows that
caught one or more delta smelt and the mean catch in those tows
(Figure 15). 1In the townet survey the frequency of tows

capturing smelt has declined as has the mean catch in those tows.

These trends indicate that the summer population has fewer and
less dense aggregations than it did previously. The frequency of
fall tows capturing delta smelt has also declined, but the mean
éatch in those tows has not changed appreciably. Hence, in the
féll there now are fewer aggregations, but those preseﬁt are
similar in density and/or size to those of the past. This
difference in summer and fall data may reflect an increased
tendency towafd schooling behavior as the smelt grow older.

Since delta smelt abundance has declined'in_all areas (Figﬁres 13

and 14), it is apparent that the decline in the number of tows
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capturing them is not due to a diminishing of the delta smelt’s
range within the Estuary. Instead, the decline is ‘simply due to
reduced probability of capture associated with a ggneral decline

in abundance.

To determine if the apparent decline in delta smelt abundance Qas
statistically significant, we used an Analysis of Variance
(ANOVA) with Tukey’s test for grouping years for which there are
no significant differences. This.analysis was based on
iogarithmic transformations of catch per tow in the townet and
trawl surveys. The ANOVA demonstrated significant‘differenCes
between years and the Tukey’s ranking generally separated the
recent years into a common group separate from earlier years
although there were a few exceptions such as 1959, 1963 and 1969

in the townet survey groupings (Tables 11 and 12).

Population Size

To address the question of delta smelt abundance, we multiplied,
for the fall midwater trawl survey, the ratio of delta smelt
juveniles to young striped bass by rough estimates of striped
bass population size which are available for 8 years. Using this
approach, albeit imperfect due to unknown catch Qulnerabilities,
we estimate that the fall delta smelt population is now several
hundred thousand fish (Table 13). In the eafly 1970s, estimates

were on the order of 2 million fish.
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Table 11. Tukey’s studentized range test for detecting
differences in log,, mean catch per tow of delta smelt by
the townet survey. Means with the same Tukey grouping
letter are not significantly different (p. <0.10).

fcar

Tukey.crouping Mean N

A 0.56 174 1961
A B 0.53 167 1976
A B C 0.48 186 1962~
A B COD 0.43 176 1971
A B COD 0.43 186 1964
A B COD 0.42 135 = 1960
A B COD 0.41 175 1975
A B C D 0.40 184 1978
B C D E 0.38 183 1980

B C D E 0.38 172 1974

B C D E 0.38 186 1970

B C D E 0.36 176 1982

C D E 0.35 152 1977

cC D E 0.35 176 1981
C D E F 0.38 186 1965

D E Fr G 0.29 . 172 1972

D EF G H 0.27 178 1973

EF G H I 0.22 189 1979

F G H I 0.17 134 1959

F G H I 10.16 181 1986

G H I 0.14 186 1963

H.I 0.12 151 1983

H I 0.11 182 1969

B I 0.10 161 1984

1 0.07 159 1988

I 0.07 175 1987

b ¢ 0.05 164 1985
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Table 12. Tukey’s studentized range test for detecting differences
' in log,, mean catch per tow of delta smelt for the midwater
trawl survey. Means with the same Tukey grouping letter |

are not significantly different (p <0.10). 5

Tukey Grouping Mean N Year g
A 0.31 326 1980 = = %
A 0.30 324 1973 ,p
A B 0.25 295 1975 : 3
B C 0.20 385 1970 -3
B C 0.19 404 1968 =
c D 0.17 390 1971 .
c D E 0.17 364 1972 .
c bpb EF 0.14 335 1967 | -
C D E F 0.14 332 1981 ;
D E F G 0.11 332 1969 2
D E F G 0.11 478 1977 E
E F G 0.10 456 1978 'i
E F G 0.10 358 1982 | j
F G 0.08 364 1986 3
F G 0.08 353 1984 .
F G 0.07 386 1987 ]
. 3
G 0.05 370 1983 ;
G 0.04 358 1985 ;
G 0.04 365 1988
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Table 13. Estimates of Delta Smelt abundance based on the
‘ ratio of Delta smelt abundance to young striped bass
abundance in the fall midwater trawl survey
"multiplied by population estimates of young striped
bass derived from a life table analysis.

Striped Delta
Striped Delta Ratio Bass Smelt
Bass Smelt Smelt: Population ~Pepulation
Year Index. Index Bass (in millions) (in thousands)
1968 4109 696 .17 1.8 300
1970 8144 1677 .21 8.1 1670
1971 9069 1306 .14 11.9 _ 2670
1972 6101 1267 .21 12.7 2630
1875 4538 698 .15 1.6 -240
1977 844 483 .57 0.4 230
1984 6584 181 .03 11.8 350
1985 1757 109 .06 4.7 280
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Population Age Structure

We examinéd length-frequency data for the townet and midwater
trawl surveys for 1977, 1978 and 1980 to learn more about the
size and age structure of the population (Figures 16 and 17). In
both data sets, two year classes of delta smelt were .evyident..

' The juveniles from the current year’s production form one group
in the size range of 15 mm to about 65 mm in summer and up to
about 90 mm in the fall. Second groupings of larger smelt up to
130 mm indicate that a few adults survive'the rigors of spawning
and live into the following winter. However; since these larger
adults are so scarce, one-year old fish form almost the entire

spawning population each year.
FACTORS AFFECTING DELTA SMELT ABUNDANCE

What factors regulate abundance of each year class of delta
smelt? Considering that most delta smelt spawn only once, the
abundance of.thé previous year class and its egg productioﬁ is
potentially important. We evaluated the potential role of egg
production by examining spawner-recruit relétionships using the
summer townet survey data alone, é combination of the summer
townet data and the midwater trawl data, and the midwater trawl
data alone (Figure 18). In the best case, that for the midwater

trawl data alone, the spawning stock abundance accounted for
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Figure 18. Spawner-recruit relationships for delta smelt: (a)
the townet index (spawners) and the townet index for
the following years (Recruits), (b) the midwater trawl
index (spawners) and the townet index the following
Year (Recruits) and (c) the midwater trawl index
(spawners) and the midwater trawl index the following
year (recruits).
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about one-quarter'of the variability in recruitment (abundance

ofthe next yéar class).

If egg productiqn was the sole factor influencing year class
success, the deiﬁa smelﬁ population would be stable. In reality;
abundance indices (based on fall trawl survey) have varied from
105 (1985) to 1840 (1980), a‘l7.5 fold difference. Also, as
described previously, until 1981, the fall and summer indices did
not show good agreement. These facts and the relatively weak

~ spawner-recruit relationships'strongly suggest that abundance of
a delta smelt year class largely depends on the environmental
conditions experienced by the eggs and young fish. We used
multiple regression analyses to search for environmental factors
which may affect delta smelt abundance. Specifically, we

examined potential effects of:

1) Delta outflows - Moyle and Herbold (1989) suggest that delta

smelt year'class production is favored byimoderateiy high
flows which place the primary nursery area in the Suisun Bay
region. Outflows are known to influence abundance of |
several other species in the Estﬁary including striped bass

(Turner and Chadwick 1972, CDFG 1987), longfin smelt

(Spirinchus thaleichthys), American shad (Alosa sapidissima)

(Stevens and Miller 1983) and bay shrimp (Crangon sp) (Bay-
. Delta Project, unpublished). We included outflow and

outflow? terms. The outflow’ term allows the regression
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2)

3)

4)

predictions to decline if smelt abundance peaks at moderate

flows and declines at higher flows.

Diversions from the spawning and nursery area - Major State

and Federal water-projects, Pacific Gas and Electric Company
power plants, and other industry and local agriculture
operations divert hﬁge amounts of water from tthQ?lta
during the spawning and nursery period (pages 62 to 73).

Many young and adult delta smelt entrained by these

diversions are removed from the population. Recent analyses

-(Stevens et al. MS) indicate that such entrainment losses

have caﬁsed a-severe decline in the Sacramento-San Joagquin
Estuary’s striped bass population. We used total water
exports as measures of diversions.

Food supply - Delta smelt feed on zooplankton, especially
copepods (pages 4 to 6). Thus, availability of théée
zooplankton for young smelt potentially could afféct their
growth, survival and abundancg. We used copepod dgnsities
(exclusive of nauplii and Sinocalanus doerii) to measuré
food supply.

Reverse flow - Due to water'project pumping in the south
delta the lowef San Joaquin River frequently flows backwards
and transports small fiéh toward the diversions (pages 64 to
67). Moyle and Herbold (1989) suggest that this process is
detrimental to delta smeltf We used the number of days of
net reverse flow at Jersey Point on the San Joaquin River as

our measure of reverse flow.
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5) Water temperature - Temperatures

may affect delta smelt

abundance through effects on growth and mortality. We used

' average maximum temperatures from- the U.S. Geological Survey

monitoring station on the Sacramento River at Freeport to

provide a general, albeit imperfect, indication of annual

temperature conditions.

Lol o]

6) water transparency - Water transparency may reflect general

productivity of the Estuary and/or vulnerability of delta

smelt to predation by other fishes. Delta waters have

tended to become clearer in recent years (California Fish

and Game 1988). We used average
disc readings from the Bay-Delta

survey as a general indicator of

We tested one, two and three.?ariable

townet survey and fallvmidwater trawl

combinations of these environmental factors (RSQUARE procedure in

SAS version 5, 1985). Both abundance

against averages of the environmental

Delta-Suisun Bay secchi
project’s zooplankton

water transparency.

models for the summer.

survey indices using all

indices were evaluated:

factors during the March-

June spawning and early nursery period, and the fall midwater

trawl index was also evaluated against averages for the July-

October late nursery period.

Care must be taken in interpreting results of such regression

searches, as even the moderate number

of input variables that we

used, may lead to some chance relationships which are spurious.
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At best, any of the regression models should only be considered

as "suggestive" mechanisms which require further testing.

R’ values indicate that hone of the models based on-March-June
environment explain a satisfactory'amount of variability in smelt
abundance (Appendices E and F). Of ﬁhe July—Octobe{_t?fiables,
copepod abundance and water transparency dominated the best
quels and themselves accounted for almost 70% df.the variability
in the midwater trawl index (Appendix G). However,. despite this
apparent association between delta smelt abundance and July-
October cdpepods and water transparency, the importance of these
factors should, at best, be considered tentative. Comparisons
between the summer townet survey and fall midwater trawl indices
~ suggest that since 1983, at least, delta smelt ye&r class

strength has been set before July.

THREATS
Numerous factors potentially threaten the existence of the delta
smelt which has probably been at all-time low abundance levels

since 1983. Discussion of several of the most obvious factors

follows.
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Food Supply

Zooplankton abundance in the Estuary has been monitored by the
Department’s zooplankton monitoring survey since 1972.
Zooplankton also have been monitored in the spring since 1984 by
the striped bass egg and larva survey. These surveys- demonstrate
that densitiés of E. affinis, the most common copepod in the
délta smelt’s diet, were relatively stable prior to 1988.

However in 1988, a major decline in E. af:inis'occurred over much
of the delta smeit's range (Table 14). This decline coincided
with the accidental introduction and population explosion of the
clam, ggtamdcorbula amurenéis,‘(pages 78 and 79). The most
recent years, 1988 and 1989, provide somewhat ambivalent results
regarding the impact of the decline of E. affinis on delta smelt.
In 1988, the midwater trawl index for delta smelt was at its next
to lowest level; however, in 1989, thle still very low from a
historic perspective, ﬁhis index rebounded to its highest ievel
"since 1983. Nevertheless, the recent decline in this major diet
component, still must be considered as a potential threat to the
delta smelt’s recovery ﬁnless other food_resources compensate or

E. affinis recovers to its former abundance.

60



Table 14. Mean Density of Eurvtemora affinis per m’ in the Estuary
during May and June.

EC < 1000 uS EC > 1000 uS

Year Zooplankton Egg and Larva Zooplankton  Egg and Larva

Survey Survey sSurvey sSurvey
1972 . 588 ' o 4301
1973 589 1884 L
1974 1017 . 4980
1975 378 1378
1976 369 : ' 1794
1977 370 | | 2232
1978 | 639 | | 4172
1979 _ 262 , 2390
1980 176 1466 -
1981 - 258 1410
1982 533 3246
1983 | 806 2673
1984 128 64 1556 | 737
1985 - 51 - 50 1006 ” . 465
1986 485 ' 82 2504 1128
1987 389 - 1437 -
1988 ' 106 48 88 58
1989 . C ——- | 22 - | 29
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our evaluation of factors regulating delta smelt abundance failed
ﬁo show that spawning stock abundance had a major influence on
delta smelt year class success (pages 52 to 56). NeQertheless,
the relatively low fecundity of this species and their .planktonic
larvae, which undoubtedly incur high rates of mortality, means
that annual reproduction‘must be accomplished by fairly large
numbers of‘fiéh if the population is to perpetuate itself (Moyle
and Herbold 1989). Thus, while the stock abundance may not have
been an important facter in the past, present or future low stock
levels may inhibit potential for population recovery. Pimm et
al. (1988) show that small species with variable populations,
like delta smelt, become ihcreasinglyvvulnerable to extinction as

their populations decrease.

Entrainment in Water Diversions

Delta smelt larvae are lost to entrainment in water diversions of
the CVP, SWP, and Delta agriculture, the Pacific Gas and Electric

Company (PGE) and other industry using water from the Estuary.

The PGE power plant intakes are screened, but these screens. are
ineffective on larval fish. 1In 1978-1979, more than 50 million

and 16 million smelt larvae (delta smelt & longfin smelt - -
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larval smeit are diffiéult to identify to species and there has
not been an attempt to identify them during any of the
entrainhent monitoring programs) were estimated to have been:
entrained at PGE’s Pittsburg and Coﬁtra Costa power-plants,
respectively (PGE 1981a, 1981b). Also, estihates of impingement
of larger delta smelt juveﬁiles on the power plant intake screens

ba i <

were 11,000 fish at Pittsburg and 6,400 fish at Contra Costa.

There is no information available on delta smelt losses in the
myriad of delta agriculture diversions which are not screened at
all. However, during sampling on 20 days from November 1980-May
1981 and September 1981-March 1982, the delta Smelt was the most
numerous species entrained in the unscreened Roaring River Slough
diversion from Montezumé Slough for wéter'distribution in the
Suisun Marsh (Pickérd et al. 1982). This éampling, which
generally consisted of placing a net over 1 of 8 intake culverts

N

for several hours, captured 5,841 delta smelt.

Substantial entrainment losses also occur at the CVP and SWP
deépite their intakes béing miles.from the primary spawning and
nursery areas. These losses occur due to the magnitude of the
water projéct diversions, their impact on Delta flow patterns,
and the tendency for young delta smelt to be transported and

dispersed by river and estuarine currents.
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The CVP and SWP pumps are located at the southern edge of the
Delta, but pumping rates usually exceed the flow of the San 3
Joaquin River ehtering the Delta from the south; therefore, most ‘
of the water that they export must come from the Sacramento 3
River. Approximately the first 3,500 cfs of flow exported from
the Sacramento River crosses the Delta through the CWP.Zs Delta
Cross-Channel and Georgiana Slough near Walnut Grove and flows to
the pumps through natural channels'upstream from the mouth of the
San Joaquin River. Young smelt that were spawned in the water 7%
transport channels or in the Sacramento River upstream from |
Walﬁut Grove would be particularly wvulnerable to this water
management scheme. At higher export rates, water is drawn up‘the
San Joaquin River from its junction with the Sacramento River
(Figure 19). Such net upstream flows in the San Joagquin River
are typical in all but wet springs, and in the summer and fall of
all years. The upstream flows entrain young smelt from the

western Delta and carry them to the water project intakes.

Moyle and Herbold (1989) found that high frequencies of reverse
flows in the San Joaquin River during spring were always
associated with low abundances of delta smelt in Suisun Bay in
the fall (Figure 20) while low ffequencies of reverse flows
sometimes were associated with high abundances of delta smelt.
They (MS) also point to a trend of increasing réverse flows in

the San Joaquin River, especially during the spawning months.
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Power Plant 13 Costa
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Figure 19. Typical summer flow patterns in the Sacramento-San
Joaquin Delta. CVP-SWP export pumping has changed the
natural flow patterns. Reverse flows transport many
delta smelt from their nursery to the CVP-SWP
diversions in the south Delta.
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Figure 20. Mean Densities of fall populations of Delta smelt in
Suisun Bay vs. numbers of days of reverse flows in the

San Joaquin River during March to June. From Moyle
and Herbold (1989).
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Such, an association between reverse flows and smelt abundance is
conceptually reasonable although it may, ‘at least partly, reflect
other corréiated impacts of low river inflows br‘outflows. The
sometimes low abundance indices at low reverse flows and the lack
" of association between reverse flows and smelt since 1983
indicate that reverse flows are not the sole mechaniéq_ifiving
the delta smelt population. A plot using the total population
index is similar to thaf for the Suisun Béy portion, except for

1972 when delta smelt abundance was high despite 72 days of

reverse flows during March-June (Figure 21).

Even when the net flow of the lower San Joaquin River is not
reversed, net flow usually is still reversed in the southern
Delta; thus, deltawide, there is dispersal of fish associated
with the ever chan§ing tides which maintains their exposure to
entrainment by the CVP and SWP. The reverse flow of the southern
Delta draws young fish and their food organisms out of the

spawning and nursery areas to the north and transports them to.

the diversion sites.

The louver screenslin front of the SWP and CVP pumps guide many
of the young fish to holding tanks and tank trucks in which they
are transported back to the western Delta and released. However,
numerous fish, particularly larvae and others too small to swim

well, pass through the screens and are lost into the agueduct
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system. Substantial numbers of the many young delta smelt that
are salvaged (pages 31 to 41) also die due to stresses received
.during_the handling and trucking. Others are eaten by larger
fish in the SWP’s Clifton Court Forebay and near the trash racks
at both the CVP and SWP screens. These factors have not been
evaluated for delta smelt but are known to be signifiéant

Lol 3

detriments to striped bass (DFG 1987).

Delta smelt are most vulnerable to entrainment during spring and
summer as shown by the number salvaged per-acre-foot of exports
by the SWP (Figure 22). This pattern reflects the late
winter-spring spawning season and growth and mortality of young
fish. During April and May, abundance of young smelt at the SWP
and CVP diversions probably is greater than shown in Figﬁre 22.
However, this tendency is not displayed by the salvage_estimates
because the smeit are so small that they pass through the screens
and are not salvaged during the first month or two of life.

Also, smaller smelt are not readily identifiable by thé

technicians responsible for sampling salvaged fish.

The intra-year salvage.pattern in 1977-1978 was a notable
éxception to the typical pattern. Through ﬁuch of 1977, water
exports were reduced, due to a major drought, and while a delta
smelt salvage peak occurred in July, the greatest entrainment and

salvage of the 1977 year class occurred from December 1977
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through February 1978 when water exports increased after the
drought broke (Table 15). In fact, the salvage of 134,000 delta
smelt at the SWP in January 1978 almost equaled the total for

allof 1977 (146,000 fish) and exceeds the annual totals for all

subsequent years.

What is the importance of entrainment losses with respect to the
population decline of delta smelt? This is unclear. Comparisons
of estimated'population levels (Table 13) and salvaée estimates
(Figures 4, 8 and 9) suggest éntrainment losses potentially could
cause major reductions in delta smelt abUndénce. The greatest
annual salvage, and probably losses, to water project diversions
occurred from 1970 to 1976 (Figure 8). éonsidering that few
delta smelt live beyond 1 year, if such entrainment depleted the
population, the impact should be noticeable the followihg year.
Yet the population'apparéntly did not crash until 1983, 13 years
after 1970, the initial year of record with a major salvage.

Also, looking at the salvage data alone, one might hypothesize

that the unusual entrainment of maturing adults in 1977-1978 had

critically depleted the stock, but again this hypothesis is
inconsistent with the population trend depicted by the more

comprehensive trawl and townet survey indices.

Nevertheless, delta smelt are ecologically similar to young

striped bass which have been severely impacted by water
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Table 15. Estimated Salvage of Delta Smelt and Water Exports at
: ‘the State Water Project diversion in the southern

Month Délta Smelt Salvage Exports (thou. acre ft)
1977 Jan 6980 205
Feb 2430 106
Mar 1707 97
Apr 2975 14
May 3017 68
Jun 13033 17
Jul 43489 20
Aug 6435 ~15
Sep 17890 S
Oct 2528 8
Nov 350 51
Dec 55101 224
1878 Jan 134089 365
Feb 53960 " 343
Mar 4217 108
Apr 130 35
May 3523 59
Jun 36289 201
Jul 1034 211
Aug 2658 246
Sep 244 211
Oct 60 127
Nov 473 131
Dec 900 169

delta, during 1977-1978.
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diversions (CDFG 1987, Stevens et al. MS.). Delta smelt are
vulnerable to diversions throughout their life cycle,
particulafly in dry years, when they are concentrated in the
Delta from which the water is diverted. Thus, even.if water
diversions were not directly responsible for the delta smelt
population decline, their drain on the population.may be a

handE 3

significant factor inhibiting recovery.

Toxjc Substances

Dr. Moyle’s petition pointsrout that the Estﬁary receives a
variety of toxic substances, including agricultural pesticides,
heavy metals, and other products of our urbanized society. The
effects of these compounds on delta smelt have never been tested,
and their effects on fishes in génerai are pobrly understood.
Some of these substances are known to occur in the Estuary’s
‘fishes at levels that may inhibit their reproduction (Jung et. al
1984) or are sufficient to trigger health warnings (e.é. Mercury
in striped bass) regardingrhuman consumption. Also, recent
bioassays by the Central Valley Regional Water Quality Control
‘Board (Foe 1989) suggest thaf water in the Sacramento River is,
at times, tokic to larvae.of the fathead minnow, a standard EPA
tesf organism . However, the timing of the delta smelt decline
is not consistent with the increased, mid-to late-lQ?Os; use of

the chemicals thought to cause mortality in these bioassays.
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Although there is no direct evidence of delta smelt suffering
direct mortality or stress from toxic substances, this factor
obviously cannot be eliminated as a potential agent adversely

affecting the delta smelt population.

Flows Out of Optimal Range - en

Moyle and Herbold (1989) point out that the years of the major
smelt decline have been characterized by not only unusually dry
_years with exceptioﬁally low outflows (1987, 1988), but also by
unusually wet years with exceptionally high outflows (1983,

1986) . Theywsuggest that moderately high flows are most
beneficial in that they cause the primary delta smelt nursery
area, which is the mixing zone of the Estuary, where outflowing
ffeshwéter meets ihComing tidal water, to be located in Suisun
Bay. Moyle and Herbold dgveloped a complex analysis which
suggests high productivity (as reflected in phytoplankton-and
zooplankton abundance) in the mixing zone is dhe of the strongest
‘determinants of delta smelt abundance. This high productivity is
associated with the establishment of the mixing zone in the
shallow water of Suisun Bay. Thus, éhey suggest moderately high»
outflows are important in that food becomes more available for
larval smelt than when outflows are extremely high or too low.
Higher and lower outflows place the mixing zone and nursery too
far downstream or upstream. Low outflows also are detriments in

that the delta smelt population concentrates in the Delta portion
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of the Estuary where they are most vulnerable to becoming

entrained in water diversions.

Moyle and Herbold’s thesis is logical; however, it is not
entirely supported by the abundance indices that we have
described. For example in 1972, the fall midwater tfgy& index
was quite high despite low outflows and a levee break on Andrus
lIsland drawing the mixing zone well into the Delta during June.
Also, relatively high summer townet survey indices suggest early
su;vival of delta smelt larvaé was high during the drought of
1976 and 1977. Subsequent survival of these year classes
appeared to be low, however. Furthermore, our multiple
regression analysis (pages 56 to 59) did not indicate that delta

smelt abundance is controlled by delta outflows.

Figure 23 illustrates the best reiationship (seleéted from R?
values after running all possible 2 consecutive monthly subsets
from February to June) between the fall midwater trawl abundance
index, delta.outflow, and delta outflow?. As explained

' previously, the outflow’ term allows the reéression prédictions
to decline if smelt abundance peaks at moderate flows and
declines at high flows. Again, there is no evidence that outflow

has had major effects on delta smelt abundance.
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Notably, the recent series of vefy weak year classes began in
1983 which had a'recérd sustained period of high spring outflows.
That year, a substantial portion of the year class likely was
washed far beyond Suisun Bay and perhaps entirely out of the

Estuary.

Genetic Di;ution

The closely.related wagasaki, or Japanese smelt, was introduced
in 1959 by the Department of Fish and Game into six Califqrnia
lakes and reservoirs: Dodge Reservoir (Lassen County), Dwihnell
Reservoir (Siskiyou County), Freshwater Lagoon (Humboldt County),
Spaulding Reservoir (Nevada County), Sly Park Reservoir (El
Dorado County) and Big Bear Lake (San Bernardino County) (Wales
1962). They have subsequently been introduced into other
reservoirs, including Shastina Reservoir (Siskiyou County) and
Almanor Reservoir (Piumas County) (Moyle 1974, Mbyle and Herbold.
1989). Although.the status of the introduced populations is
uncertain, the potential exists for this fish to appea;_anywhere
in the lower Klamath River system, the Sacramento River systenm,
‘and possibly other systems as well (Moyle 1974). Wagasaki were
collected from Folsom Reservoir (El Dorado County) by Department
biologists in 198§ (D.P. Lée, Associate Fishéry Biologist, CDFG,

pers. comm.).
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The wagasaki may hybridize with Delta smelt, but whether they
have is‘not known, nor is it known if such hybridization could
have a negative effect on the fitness of the Delta smelt. Thus,
the threat of loss of genetic 1ntegr1ty or the p0551b111ty that
the wagasaki could displace the Delta smelt completely through-
introgression or direct competition (MoYle and Herbold #989)

should be considered as speculative.

Exotic Species

/

Since the early 19705, several exotic species, including both
fish and invertebrates, have been accidentally introduced into
the Sacramento-San Joaquin Estuary and become firmly established.
A fish, the inland silverside (Menidia berylina), similar in size
and food requireménts to delta smelt, entered the Estuary in 1975
(Meinz and Mecum 1977) after flood flows transported it to the
Delta from Clear Lake where it was intentionally, but illegally,
introduced in 1567 (Fisher 1973). The invertebrate introductions
have occurréd through the discharge of organisms carried in
ballast water of ships. The exotic invertebrates have included,
since 1978, four species of zooplénktdn, all copepods |
(Sinocalanus doerii, Limnoithona sihensis, Oithona davisae, and
pseudodjaptomus forbesi); an amphipod (Lagunogammérus sp.); and a
clam (P. amurénsis) All of these 1nvertebrates are of Asian

origin. Some of these exotlc species invasions and thelr
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population explosions occurred before, others occurred after, but

none coincide with the delta smelt decline.

Of the exotic copepods, S. doerii (established 1978) and P.
forbesi (established 1986) have become particularly abundant. S.
doe;ii'apparently is rarely eaten by delta smelt; however, P.
fo;besi is now a major part of their diet. Laboratory
experiments (Meng and Orsi, University of California, Davis‘and
'-CDFG, réspectively) have shown that larval striped bass readily
take P. forbesi, but have difficulty capturing S. doerii.
Apparently, the same is true for delta smelt. Potentially, the
establishment of P. forbesi should compensate for the substantial
| decliﬁe'in E. affinis which occurred during 1988 and 198S9.
Howevef, since P. forbesi’s annual cycle is such that it does not
become abundant ﬁntil summer, it is not readily available for the
initial feeding of young smelt during the sprinq. Circumstantial
evidence, from field monitoring and some sketchy laboratory
experiments, suggests that filtering by the clam, P. amurensis,
.may have caused the decline in E. affinis which, historically,
was available to delta smelt during their early nursery period.
While this decline in E. affinis occurred after the decline in
delta smelt, its near absence, possibly caused by the exotic, P.

amurensis, may inhibit the smelt’s recovery.
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eas a asite

Diseases and pafasites of delta smelt have never been studied;
thus, there is no evidence concerhing their role in the
population decline. General studies on parasites of Delta
fishes, however,_have found numerous protozoans, WOIMS- e
(trematodes, cestodes, nematodes, etc.) and crustaceans which
have affected at least 28 species of fish (Edwards and Nahhas
1968,vHensley and Nahhas 1975). Striped bass in the Delta are
more heavily infested with pafasites than Atlantic coast striped
_baés, perhaps indicating that the Delta environmenﬁ may be
degraded by toxicants or pollutants to the point that resistance
to parasites in resident fishes is weakened (CDFG 1989). Also,
widespread sightings of dead fish suggest that, in some years,

disease outbreaks have caused mass mortalities of carp (Cygrinus

carpio) and white catfish (Ictélurus catus) in California's
Central Valley including the Delta. If disease or parasites are
important or should they become important, the&.certainly could
prevent‘the recovery of delta smelt from current population

levels{

Competjtion and Predation

Delta smelt evolved with native predators such as squawfishl
(Ptychochejilus grandis), Sacramento perch (Archoplites

interruptus), and steelhead (Oncorhynchus mykiss); however,
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predatiqn by these species, none of which is currently abundant
in thelEstuary, is dnlikély to be responsible for the relatively
recent decline observed in Délta-smélt. Striped bass, which were
introduced in 1879, have been the most abundant predator (adulté.
and sub-adults) and competitor (young) in the portion of the
Estuary inhabited by Delta smelt, but striped bass also have
suffered a serious decline which began in the 1970s and preceded
the decline in delta smelt. Also, abundance indicgs for several
other poﬁentialbpredators or compétitors did not exhibit
increases that could account for reduced delta smelt abundance

" (Figure 24). 1In fact, several of those potential competitors or
predators--longfin smelt, threadfin shad and white catfish--also
show signs of population erosion approximately coincidiné with,
or, in the case of white catfish, preceding the decline of delta

smelt.

In essence, there just has not been a consistent increase in the
abundance of any potential predator or competitor that could

account for the decline of delta smelt,

Drs. Moyle and Herbﬁld (1989) suggest that the Departmeﬁt’s
effort to enhance the Sacramento-San Joaquin striped bass
population through the stocking of hatchery-reared fish could
cause excessive predation on delta smelt. Striped bass are
highly pisciverous (eat other fish); however, comprehensive

striped bass food habit studies (Stevens 1966, Thomas 1967)
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-except for the yellowfin goby which generally has been
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indicated that, while delta smelt were occasionally consumed,
they were not a significant prey of striped bass even in the
early 1960s when delta smelt and striped bass were both much more
abundant. Thomas (1967) notes that several potential'prey
species, including delté'smelt, wéré less abundant in the striped
bass diet than expected based on their abundance in the _
environment. Factors which reduce the availability of delta
smelt and certain other species to striped bass are not

understood.

Thus, while competition and‘predation cannot be ruled out as
threats to delta smelt, the available evidence suggests that they

are not a major threat.

CONCLUSIONS

- We have examined.several measufes of delta smelt abundance; all
indicate that the population has declined, although these
measures are not consistent in their depiction of the timing and
magnitude of the decline. The best measureé, based on the summer
townet énd fall midwater trawl surveyé, indicate that delta smelt
abundance consistently has been lower since 1983 than in previous
years. Based on the midwater trawl survey, the average .

population since 1983 (index of 175) has only been about one-
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fifth of the average population level (index of 861) from 1967 to
1982, and one-tenth of the peak level (index of 1840) in 1980.
Delta smelt abundance haé been highly variable over the period of
record. Our evaluation of factors potentially affecfing delta
smelt abundance did not point strongly to any particula: cause of
this variability or the sustained population decline "sThce 1983.
However, failure to identify factors regulating the population
does not mean the tested factors are not important. Such failure
may simply reflect sampling associated variability in our

measures of delta smelt abundance and/or the environment.

The Fish-and Game Commission is guided by the State Endangered
Species Act and the guidelineé promulgated under this 2ct in
determining whether a species may be properly listed as
endangered or threatened. Section 670.i(b) of Title 14 of the
California Codé of Regulations sets forth the listing criteria.
Under this éection, the Cohmission may list a species if it finds
that its continued existence is in serious daﬁger, or is

threatened by any of the following factors.

° Present or threatened_modifiéation or destruction of
. its habitat;

o 6verexploitatioh;

° predation;

° competition;
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° disease; or

e other natural occurrences or human-related activities.

To meet the State Endangered Species Act’s definition of

"endangered", a species must be:

(1) a native species or subspecies;
(2) a bird, mammal, fish, amphibian, reptile or plant;
(3) in serious danger of becoming extinct throughout all,
or a significant pbrtion, of_its range;
(4) affected by loss of habitat, change in habitat,
overexploitation, predation, competition, or disease

_(Cal. Fish and Game Code Sec. 2062).

A "threatened" spécies is a species which is "likely to become an
endangered species in the foreseeable future" in the absence of
the special protection provided by the Act. (Sec. 2067). The
Fish and Game Code (Sec. 2072.3) lists additional factors
relevant to a détermination that a species is threatened or

endangered:

°’ population trend;
° range;

° distribution;

° abundance;

° 1life history;
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° ability to survive and reproduce;
° degree and immediacy of threat;
° existing managehent efforts;

° type of habitat.

Dr. Méyle’s petition declares: "The Delta smelt fitsTtHe
definition of an endangered species as it is in danger of
extinction throughqut its entire limited range. It is vulnerable
to extinction because (1) it is short-lived, (2) it has
relatively low fecundity, (3) it is a planktivore throughout its
life cycle, and (4) it is confined to the upper Sacramento-San
Joaquin estuary.ﬁ our analysié indicates that declarations (1)-
(4) are true. Additionally, introductions of exotic organisms
have alﬁered the delta smelt’s food supply, and water projects
have adversely modified the delta smelt’s habitat, distribution
and probably abundance within the Estuary. While our analysis
failed to determine the specific relationships between these
threats and the smelt population, that is not erucial to
determining whether delta smelt should be listed as threatened or

endangered.

Major adverse habitat modifications include effects of changes in
the character and position of the salinity gradient and
exploitation through entrainment in diversions. Such populatioh
thréats are likely to worsen or, at best, remain stable (Table

16). Trends in abundance of other species, such as striped bass,
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Table 16. Probable Trend in Delta Smelt Population Threats.
‘ W = worse, S = Stable

Threat Trend

Inadequate Food Supply S

Inadequate spawning stock 'S or W

Entrainment Losses W

Toxicity ? e

Delta outflowé W

Genetic dilution

Exotic introductions ' S (if ship ballast discharges are
' controlled), W (if ship ba?last

discharges are not controlled)

Disease and parasites S or W
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also point toward a general degradation of the delta smelt’s

habitat.

Thus, the delta smelt population trend, certain life history
_attributes, and environmental threats tend to support™ "listing".
The most releQant issue, however, is whether the population is
low enough that it is in danger of extinction. The scientific
information is insufficient to make that determination.
Unfortunately, it is a very coﬁplicated scientific determination,
and no scientific study,which/we might implemént will provide a
conclusive answer in the next few years. Meanwhile the

population might become extinct.

The Department of Fish and Game believes that the rélatively
stable, albeit low, population is not in imminent danger of
extinction. One facfor supporting this contention is that the
population has historically rebounded quickly from levels nearly
as low as present ones. While we cannot be certain that such
rebounds will not happen again, the persistent low populations
since 1983, the nature of the delta smelt’s life history and
distribution, and increasing threats to its habitat lead us ﬁo
conclude that the delta smelt may well "become an endangered
species in the forseeable future". Hehce, based on the best

‘scientific information available (Section 2074.6 CESA), the
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Department. believes that the most prudent action is to list the

delta smelt as a Threatened Species.

RECOMMENDATIONS
Petitioned Action
1. The Commission should find that the petitioned action that

. is warranted is for the status of State Threatened.
2. The Commi#sion should publish notice of its intent to amend
Title 14 CCR 670.5 to add the delta smelt (Hypomesus
transpacificus) to its list of Threatened and Endangéred

Species;

Recovery and Management Actions

The Department’s objective is the protection of a sufficient
number of delta smelt to insure their long-term survival in their
native habitat and range. In order to achieve recovery, the
population must be protected, monitored, and shown to be self-
sustaining. Annual monitoring and evaluation should be increased
after input from‘interested parties. Recovery goals and
reclassification criteria need to be established. When recovery
goals have been met, the Department will make recommendations to

the Commission regarding delisting this species.
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The following actions have potential to achieve management and

recovery objectives.

Improve species identification and fish handling procedures
at the existing State and Federal Water Project diversions
from the Delta.- Such actions could reduce present .

entrainment losses to these major diversions.

Modify pumping strategies at the State and Federal Water
project diversions to reduce entrainment losses -during

periods when delta smelt are most abundant.

Increase spring and summer delta outflows to maintain the
entrapment zone and major delta smelt nursery in the Suisun
Bay region where food supplies are greater than in the Delta

and exposure to diversions is minimal.

Support regulations restricting ship ballast water
discharges to eliminate or minimize new introductions of
potehtially harmful exotic species. S 2244 and HR 4214
currently being considered by the U.S. Congress would create

such regulations.

Evaluate losses to agricultural diversions in the Delta.

Screening these diversions probably would reduce entrainment

and losses to local crop irrigation.

90



6. Remove water project diversions from the Delta. Moving the
diversion intakes to the Sacramento River upstream from the
major nursery area would do this and also provide benefits

to other species which formerly made more use of the Delta.

7. Consider developing pond culture techniques for.the purpose

of creating "refuge" populations.

Alternatives to the Petititioned Action'

“If the Commission should choose not to_list the Delta smelt, it
is 6ur opinion that this fish would be deprived of protection
provided through recognition and formal consultation avaiiable to
a listed species. When a spegies is listed as Threatened or
Endangered, a higher-degree of urgency is mandated, and
protection and recovery receives more attention from the

Départment and other agencies than does a non-listed species.

In the absence of listing, it still would be possible to devise a
management plan for this species. ‘However, this Departmental
status review indicates that the future existence of this species
is alfeady seriously threatened. Despite good.intentioﬁs on ﬁhe
part of the Department and the Commission, promises of manaéement.
and protection for a non-listed species do not.have the weight of

law behind them, and thus seldom receive high priority in the
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eyes of other agencies. Without the benefits of listing and the
coéperation of other agencies in preservation énd recovefy
actions, the species could decline further until the population
is no longer viaBle; and is no longer able to exist in
perpetuity. Eventually, extinction could occur.

Although the petitioner has requested listing of the Delta smelt
as Endangeréd, the Departmént has made the-recomméndation and the
Commission has the option to list thié fish as Threatened
instead. Under this option, the Délta smelt would receive the
same special consideration and protection under CESA and the
California Environmental Quality Act (CEQA) as if it were listed
as Endangered. This Departmental status review indicates.that
the continued existénce of the Delta smelt is seriously
threatened throughéut its range, and that this alternative is

‘appropriate.

" PROTECTION AFFORDED BY LISTING

If listed, the Delta smeltlﬁill recéive protection from take
during development activities subject to CEQA and will be subject
to formal cohsultation requirements under CéSA. The species will
also be eligible for the allocation of resources by governmeﬁt |
ageﬁcies to provide protection and recovery. During the CEQA

environmental review process, listed species receive special
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consideration, and proteétion and mitigation measures can be
implemented as terms of project approval. Species that are not
‘1isted do not readily receive protection. The status of listing
provides a species with recognition by lead-Agencies and the
public, and significantly greater consideration is given to the
Department’s recommendations resulting from project enyixonmental

review.

‘Listing this species increases the likelihood that State and
Federal land and resource management agencies will allocate funds
and personnel for protection and recovery actioﬁs that benefit
vthe Delta smelt. With limited funding and a growing list of
Threatened and Endangered species, priority has been and will
continue to be given to species that are listed. Those that are
not listed, although considered to be of concern, are rarely

given serious consideration under these circumstances.

ECONOMIC CONSIDERATIONS

' The Department is not required to prepare an analysis of economic
impacts per CESA Section 2074.6. The Department is to provide a
report to the Commission "based upon the best scientific

information available to the Department, which indicates whethef
the-petitioned action is warranted, which includes a preliminary

identification of the habitat that may be essential to continued
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existence of the species, and which recommends management
activities and other recommendations for recovery of the

species”.
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APPENDIX A

Section 2074.4 of the

Fish -and game to notify affected and

and to soljcit data and comments on

Game Commission. To fulfill

Fish and Game Code requires the Department of
interested parties and landowners

petitions accepted by the Fish and

this requirement, the Department sent

notices and/or copies of the petition to the following persons and
placed in the newspapers indicated

organizations. Legal notices were

below:

PERSONS/ORGS.

US Dept. of the Army
Sacramento District

Corps of Engineers

650 Capitol Mall _
Sacramento, CA 95814-4794

Raymond E. Barsch, General Manager
State Reclamation Board

1416 Ninth Street, Room 455-6
Sacramento, CA 95814

Claire T. Dedrick, Exec. Officer
State Lands Commission

1807 13th Street

Sacramento, CA 95814

Tim Egan, President
Ccalifornia Waterfowl Assn.
3840 Rosin Court, Suite 200
Sacramento, CA 95834

Alan Pendleton, Exec. Director

SF Bay Conservation & Development
Commission ,

30 Van Ness Ave., Suite 2011

san Francisco, CA 94102-6080

Monica Liquori, Exec. Director
Suisun Marsh Natural History Assn.
1171 Kellogg Street

Suisun, CA 94585

Peter Douglas, Exec. Director
- california Coastal Commission
631 Howard Street

san Francisco, CA 94105

William H. Ivers, Director
Dept. of Boating and Waterways
1629 S Street

Ssacramento, CA 95814

RECEIVING DELTA SMELT PETITION AND/OR PUBLIC NOTICE

- en

Peter Grenell, Executive officer
State Coastal Conservancy

1330 Broadway, Suite 1100
Oakland, CA 94610

W. Don Maughan, Chairman
Water Resources Control Board
PO Box 100

Sacramento, 95801

CA
Richard Spotts; Regibnal Rep.
Defenders of Wildlife

5604 Rosedale Way

Sacramento, CA 95822

Leland Lehman, President
Suisun Resource Conservation
District
PO Box 426

Suisun, CA 94585

Rick Coleman .

SF National Wildlife Refuge
PO Box 524

Newark, CA 94560

Huston Carlyle, Jr., Director
office of Planning & Research
1400 10th Street

Sacramento, CA 95814

orville Abbott, Exec. Officer
california Water Commission
1416 9th Street, Room 1104-4
Sacramento, CA 95814

Henry R. Agonia, Director
Dept. of Parks and Recreation
PO Box 942836

Sacramento, CA 94296-0001



David N. Kennedy, Director
Dept. of Water Resources
PO Box 942836
Sacramento, CA 94236-0001
Sacramento County

- Board of Supervisors

700 H Street, Room 2450

Sacramento, CA 95814-1280
Bob McKay, President or
Elizabeth Wright, Exec. Secretary

California Wildlife Federation
1023 J Street, Suite 203
Sacramento, CA 95814

Sylvia McLaughlin, President
Save SF Bay Association

PO Box 925
Berkeley,

CA 94701

Laurel Mayer, Vice President
The Nature Conservancy
Western Regional Office

785 Market Street, Third Floor

San Francisco, CA 9410