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SUMMARY

Spawning locations, spawning periods, nursery grounds, and move-
ment of early life stages of delta smelt documented in this report are
based mostly on samples collected from 1988 to 1991 in the Sacra-
mento-San Joaquin estuary by the California Department of Fish and
Game as part of the Interagency Ecological Studies Program.

From 1988 to 1990, major spawning grounds were near Bradford
Island. Probably because of low flows, delta smelt spawned farther
inland in 1991, with major spawning grounds in the eastern delta,
toward the Mokelumne River and Venice Island, and in the mid-Sacra-
mento River area near Isleton. Delta smelt also spawned in the
Mokelumne River and Cache Slough.

During the four years of observations, spawning season has been
February through June, with a peak in April and May. Spawning pulses
were not observed.

The delta appears to have been the most important nursery area for
delta smelt in 1988 to 1991. The “slough habitat” of the delta may
have provided the necessary food and environment for rearing
larvae. |

The presence of various early life stages of delta smelt in samples
collected from 1988 to 1991 shows that year classes 1987 to 1990
successfully completed their life cycles.
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The delta smelt is a small, brackish-water fish

found only in the Sacramento-San Joaquin
estuary (Herald 1961; McAllister 1963). Histori-
cally, delta smelt has been found in Suisun Bay,
Montezuma Slough, and into the delta sloughs
(Radtke 1966; Moyle 1976). In about 1983 or
1984, its population in the Suisun Bay area
declined rapidly, and recently it has been con-

.centrated mostly in the lower Sacramento

River portion of the delta (Sweetnam and
Stevens 1991; Wang 1991).

C—048171

INTRODUCTION

This report has been prépared to help identify
the spawning locations, spawning period,
nursery grounds, distribution, and movement

of early life stages of delta smelt. Observations

are based mostly on information from samples
collected by the Department of Fish and Game
in 1991.

The DFG sampling program is part of an
extensive interagency effort designed to provide
information needed to assess the status of the
delta smelt population and explain its decline.
The study is funded by the California Depart-
ment of Water Resources and U.S. Bureau of
Reclamation.
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MATERIALS AND METHODS

From February through July 1991, the Depart-
ment of Fish and Game collected 1,631 sam-
ples from four areas, shown in Figure 1.

e Delta Estuary — Area 1 includes Honker

Bay, the confluence of the Sacramento and
San Joaquin rivers, and the delta between

Antioch and Medford Island, along the’

sloughs and channels of the lower San
Joaquin River. The 26 sampling stations
in this area are: 66, 65,5,7,9, 11,13, 15, 33,
35,37,39,41,43,45,47,49,51,53,55,57,59,
906, 909, 60, 61.

e Sacramento River — Area 2 includes
Collinsville, Decker Island, Rio Vista,
Isleton, Walnut Grove, Locke, Garcia Bend,
West Sacramento, Verona, Knights Landing,
and Grimes. The Sacramento River between
Collinsville and Rio Vista is identified as
the lower Sacramento River, the section
between Rio Vista and West Sacramento
as the mid-Sacramento River, and the sec-
tion above West Sacramento as the upper
Sacramento River. The 32 Sacramento River
stations are: 17, 19, 21, 23, 25, 27, 29, 32,
72,725,70,71,73,735,74,745,75,755, 76,
765,77,775,78, 785,79, 795, 80, 805, 81,
815, 82, 825.

e Mokelumne River — Area 3 includes Potato
Slough, White Meat Slough, South Fork
Mokelumne River, and North Fork
Mokelumne River, all below Walnut
Grove. In 1991, as part of the Interagency
Ecological Studies Program, the Depart-
ment of Fish and Game established the
delta smelt habitat pilot study, which
expanded the egg and larval sampling
program by seven stations: 903, 919, 920,
921,922,923, 924.

e Cache Slough — In 1991, four sampling
stations —712,713, 715,717 — were estab-

C—048172

lished in Cache Slough, Steamboat Slough,
and the Sacramento River north of Isleton
as part of the delta smelt habitat pilot
study. This is designat\ed Area 4.

The Department of Fish and Game sampling
program from April to July, 1988 through 1991,
is summarized below.

Number of
Samples
Year Areas Sampled Processed
1988  Sacramento River up to Station 32, 885
Montezuma Slough .

1989  Sacramento River up to Station 75 820

1990  Sacramento River up to Station 32, 1,135
plus Stations 775 to 825

1991 Sacramento River up to Station 825, 1,631
Mokelumne River, gache Slough

In the laboratory, all samples were sorted and
identified by DFG personnel (Sweetnam and
Stevens 1991). As part of the quality assurance
and quality control procedure for this study,
delta smelt and all other species were verified
(Table 1). An extensive voucher of specimens
and references was used (Wang 1986, 1991).

A Bausch and Lomb Stereozoom 7 microscope
with mounted micrometer was used to measure
all 1991 delta smelt to the nearest millimeter
total length. Delta smelt size ranges (smallest
and largest specimens collected in the same
sample) were recorded for samples collected
in 1988 through 1990.

Based on developmental stages, delta smelt
early life stages were further classified (in mil-
limeters total length) as:

4.0-4.9 Hatching Larvae

(large yolk-sac, tail bent ventral)
5.0-5.9 Post-Hatching Larvae

(absorbing yolk-sac, tail straight)
6.0-16.0 ~ 18.0 Larvae

(gas bladder obscure, gut straight)
16.0~18.0 -30.0 Prejuvenile and Juvenile
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Table 1
CATCH OF EARLY LIFE STAGES OF FISHES IN THE SACRAMENTO-SAN JOAQUIN ESTUARY,
1988 THROUGH 1991

Samples were collected by the California Department of Fish and Game except
those marked with an asterisk, which were collected by Tenera Environmental Service near PG&E's Pittsburg and Contra Costa powerplants.

Species 1988 1989 1990 1991
Petromyzontidae - Lampreys . '
Lampetraspp ......oconn.s. T S Gt e, +
Acipenseridae - Sturgeons '
V2 Vori 77T g) o) o eseseeiatierenrennnaann +
Clupeidae - Herrings
American shad, Alosa sapidissima (Ayres). .. ...oveernreniiievinennns o S Faerus +
Pacific herring, Clupea harenguis pallasi (Valenciennes) ............... +ooeanes Foviennn Foeens +
Threadfin shad, Dorosoma petenense (Gunther) ...................... oo, toiiinnn v +
Engraulidae - Anchovies ~ :
Northern anchovy, Engraulis mordax (Girard) . ...............oooeee Foiviinn RS +
Salmonidae - Trouts ‘
Rainbow trout or Steelhead, Salmo gazrdnerz (RlChal'dSOH) ...................................... + .
Osmeridae - Smelts
’ Delta smelt, Hypomesus transpacificus (McAllister)................... Foieenn P +oaeinn +
Longfin smelt, Spirinchus thaleichthys (Ayres) ...........ooviiienan S SRS Forirnnn o, +

Cyprinidae - Minnows and Carps

Goldfish, Carassius auratus (Linnaeus) . ...........coooeiiiiiiinan.. Ferennnn Foveenns S + i
Common carp, Cyprinus carpio (Linnaeus). . c...ooovviiiiiiinan.n.. Foeirnnn Foiiienn *oonens +

Hitch, Lavinia exilicauda (Baird and Girard). .. .. oo oo vviiinii ittt iaans +

Golden shmer, Notegominus crysoleucas Mitchell) . ......... ..ol + '
Fathead minnow, Pimephales promelas (Rafinesque) .. ........coovvviiiiiininenninenen.. S + 2
Splittail, Pogarichthys macrolepidotus (Ayres) ............cooviiunenn Foiinnnn oo oo, + '

Catostomidae - Suckers

Sacramento sucker, Catostomus occidentalis (AYTes) ......ovvviiiiiininiiiiiinnennes S +

Ictaluridae - Catfishes

White catfish, Ictalurus catus (Lmnaeus) ............................ O e+

Brown bullhead, Ictalurus negulosus (lesueur)............ e Foorinnn +
Channel catfish, Ictalurus punctatus (Rafinesque)........oovvviiniininnennn.. Fovernnn +

Batracholdidae - Toadfishes '
Plainfin midshipman, Porichthys notatus (Girard). . .........cooiiiiiiii i, +

Cyprinodontidae - Killifishes

*Rainwater killifish, Lucania parva (Bau-d) .......................... Foerernn S S +aa.. +

Poecillidae - Livebears

*Mosquitofish, Gambusia affinis (Baird and Girard) .................. T U +.i.. +

Atherinidae - Silversides

Topsmelt, Atherinops affinis (AYres).......ooeve it iiiiiinennniennnns. Foveinnn +

Jacksmelt, Atherinopsis calzfomzenszs (Girard). . ..o oo e Foeennn L S +oenn +

Inland silverside, Menidia beryllina (Cope)........ccooviviiininien.n. Fovvrid i F i, +orinns +
Gasterosteidae - Sticklebacks

Threespine stickleback, Gasterosteus aculeatus (Linneaus)............. teoennnn Forrrenianernes +
Syngrathidae

Bay pipefish, Syngmthus leptorhynchus (Girard) ..................... +
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Table 1 (continued)
CATCH OF EARLY LIFE STAGES OF FISHES IN THE SACRAMENTO-SAN JOAQUIN ESTUARY
1988 THROUGH 1991

Samples were collected by the Department of Fish and Game except
those marked with an asterisk, which were collected by Tenera Environmental Service near PG&E's Pittsburg and Contra Costa powerplants.

Species 1988 1989 1990 1991
Perichthyidae - Temperate Basses

Striped bass, Morone saxatilus (Walbaum) .............ccoevinninnn.. Ferennnn Foieennn Foeuen +
Centrarchidae - Sunfishes |

Bluegill, Lepomis macrochirus (Rafinesque).........coveviieriierinneneenennes +

Lepomis SPP o« v evveinneniieneeeiiecresesseceaseecossenssonaneas Foeennns Forennnn +oeinnt +

MiCrOPIerUS SPP e et v vveeenerenntennresreceotersecracsnscenasanns +ooeenen +oeeonns *oeeens +

POMMOXIS SPP «+ v v evvvvruenrneenenssronsesssossnsssnnnes Ceeeeecnaseseseacerarsrasesrareres o
Percidae - Perches

Bigscale logperch, Percina marolepidus (Stevenson) .................. S Foreennn +oieens +
Embiotocidae - Surfperches

Tule perch, Hysterocarpus traski (Gibbons) ........ccveiiiiiiiieiiiiieennnnn, Foiernnn +
Gobiidae - Gobies '

Yellowfin goby, Acanthogobius flavimanus (Temminck and Schlegel).... +....... Foveiriit i, +

Longjaw mudsucker, Gillichthys mirablis (Cooper)............c.e.n.. Feeernnn Foreennn T +

Cheekspot goby, llypnus gilberti (Eigemann and Eigemann) ....... vee Foveenen S R +irnees +

Bay goby, Lep gobzus lepidus (Girard).......ocoevieeiieneinann. vee Foernens S TN +.inee +

Chameleon goby, Tridentiger trigorocephalus (Gill) ...........co...... S S S P +
Cottidae - Sculpins

Prickly sculpin, Cottus asper (Richardson) ........c.ccovviineineenenns Foonnan R T S SR +

Pacific staghorn sculpin, Leptocottus armatus (Girard) . ........c.ocoevenonn.. S +
Pleuronectidae - Righteye Flounders '

Starry flounder, Platichthys stellatus (Pallas) .........cccovvuvvenenn. L TR torreens +oeenns +
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RESULTS AND DISCUSSION

A total of 606 delta smelt early life stages,
including hatching, post-hatching, larvae, and
prejuvenile and juvenile, were identified from
1,631 samples collected in the four areas in
1991. Catch data for 1988 through 1990 are
presented in Table 1. Length distribution of
delta smelt early life stages in all four spawn-
ing and/or nursery areas in 1991 are shownin
Figures 2 through 7. Appendix A contains data
on numbers and sizes of delta smelt collected
from 1988 through 1991. Appendix B shows
their spatial and temporal distribution.

Overview of Results

Medford Island; and the Sacramento River
up to Garcia Bend as major nursery habitat.
Seasonal movement and spawning was limited
in those areas.

Catch of early life stages of Pacific herring
(Clupea harengus pallasi) in the delta from 1988
through 1991 (Figure 8) is a biological indica-
tion of the strength of saltwater intrusion,
since Pacific herring is a coastal marine fish.
As a result of increased saltwater intrusion
during the drought, delta smelt spawning and
nursery habitats moved farther inland.

Delta Estuary

In 1991, spawning began in March and April
in a dispersed pattern in the delta and moved
gradually into the eastern region of the delta
and the mid-Sacramento River in May. Peak
spawning was near Isleton in May. Although
the database islimited, recently-latched larvae
were seen in the Mokelumne River and Cache
Slough. Recently-hatched and early post-
hatched larvae were observed in the lower and
mid-Sacramento River during the entire
spawning season.

In 1988 through 1990, spawning was concen-
trated near Bradford Island and in the lower
Sacramento River. Spawning was not observed
in the mid-Sacramento River until 1989. From
1988 through 1991, the spawning season ex-
tended from February through June, with a
peak in April and May. Spawning pulses were
not detected.

Data collected in 1988 through 1991 indicated
Delta smelt used the estuary from Honker Bay
and, possibly, Suisun. Bay; the delta up to

For many years, the Department of Fish and
Game has sampled this stretch of the water-
way during April through June for striped
bass (Morone saxatilis) eggs and larvae. In 1991,
as part of the expanded delta smelt study, Fish
and Game started sampling in February to
sample the earlier-spawning delta smelt. In
1991, delta smelt larvae were first found in the
San Joaquin River near Antioch on March 11
(Sweetnam and Stevens 1991). Larvae were
captured near Bethel Island (Station 43) on
February 26, and more larvae were taken from
Pittsburg (Station 35) through Andrus Island
(Station 53) on March 11. In early April, delta
smelt larvae were found in samples from
Honker Bay (Station 66) to Medford Island
(Station 906). Those larvae captured in Honker
Bay could have originated in Suisun Bay and
Montezuma Slough.

In the delta stations, spawning appeared to be
more active in March and April, but peaks
were not seen at any station. Spawning moved

C—048177
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Figure 2

LENGTH DISTRIBUTION OF DELTA SMELT EARLY LIFE SfAGES
COLLECTED IN AREA 1, DELTA ESTUARY, IN 1991
(in millimeters total length)

10

into the eastern region of the delta in May asa
result of saltwater intrusion.

‘Historically, when the entrapment zone has

beenin the area of Carquinez Strait and Suisun
Bay, Montezuma Slough (including Suisun
Marsh) played an important role as part of the
delta smelt spawning and nursery ground out-
side the delta (Moyle 1976; Moyle and Dan-
niels 1981, Wang 1986, Moyle and Herbold
1989, Moyle et al 1991). The Montezuma
Slough habitat may have provided important
initial food (zooplankton was found in the gut
of hatching and post-hatchinglarvae) and pro-
tective environmental conditions needed in
the early life stages (Wang 1991).

Sacramento River

Samples were taken from Collinsville (Sta-
tion 17) to Grimes (Station 825) in February
through July 1991. Delta smelt early life stages
were observed from Collinsville to the vicinity
of Sacramento Metropolitan Airport (Station
755). Between 1988 and 1990, the lower and
mid-Sacramento River were sampled only in
1989, and delta smelt larvae were observed.

In 1991, delta smelt larvae were first observed
in the Sacramento River near West Sacramento
on February 28. On the same date, longfin
smelt (Spirinchus thaleichthys) were first cap-
tured above Locke (Sweetnam and Stevens
1991). Delta smelt larvae were collected from
Isleton to West Sacramento on February 28,
and longfin smelt larvae were not observed
above Isleton, although they were found in
Cache Slough in February and March. (Spatial
and temporal distribution of longfin smelt in
1991 is shown in Appendix C).

Most spawning occurred between Rio Vista
and Garcia Bend in April, May, and part of
June. Samples were not taken in this area from
March 19 to 28, so March spawning intensity
is not known. Spawning pulses could not be

C—048178
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detected in this study, probably due to the low
density of the cohort in the water column. The
last batch of hatching-size larvae collected in
the Sacramento River was from Station 755 on
June 1, 1991. Water temperature at the station
was 20°C (DFG unpublished data).

Spawning in the lower Sacramento River (Col-
linsville to Rio Vista) was mostly in March and
April, when the salt water retreated into the
estuary. In general, spawning activity in the
lower Sacramento River in 1991 was similar to
that of 1988 to 1990; the lower Sacramento River
played a secondary role in spawning, although
this area was heavily used by adults in 1990 and
1991 (Sweetnam and Stevens 1991).

Use of mid-Sacramento River (Isleton to Grimes)
as a spawning ground was a recent discovery.
Delta smeltlarvae were first observed in the DFG
samples in 1989. More hatching-size larvae were
found near the Delta Cross Channel and Geor-
giana Slough in 1989 and 1990 (Arthur 1990;
Arthur et al 1991). Spawning in the mid-Sacra-

mento River near Isleton intensified in Apriland

May 1991. Apparently spawners moved farther
up into fresh water of the Sacramento River, as
they did in the delta (this study).

Delta smelt early life stages collected in the
Sacramento River in 1991 were dominated by
the hatching and post-hatching sizes. There
were very few larger-sized larvae collected in
this area. Normally, delta smelt larvae prob-
ably descend into the vicinity of the entrap-
ment zone by streamflow (Stevens et al 1990).
Some larvae hatched in the mid-Sacramento
may move through Threemile Slough, Geor-
giana Slough, or the Delta Cross Channel to
the delta. The Sacramento River served as a
spawning ground and nursery ground in 1988
through 1990, and mostly as a spawning
ground in 1991. '

Few smelt larvae were observed in the Sacra-
mento River above Sacramento in 1991. One

12
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Figure 5 ‘
LENGTH DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES
COLLECTED IN THE
MID-SACRAMENTO RIVER PORTION OF AREA 2, 1991
(in millimeters total length)
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larva (5.4 mm TL) was taken near Sacramento
Metropolitan Airport on May 4.

Wang (1991) reported two larvae (5.5 and 6.0
mm TL) near Verona on April 20,1990, and two
larvae (8.5 and 10.0 mm TL) near Sacramento
Metropolitan Airport on May 16, 1990. In ad-
dition, Dr. Charles H. Hanson (pers comm)
captured three larvae (7.5, 9.0, and 9.8 mm TL)
near Fair Oaks, on the American River, on
April 17, 1991. Those larvae were slightly dif-
ferent from the delta smelt larvae, but because
of the limited number and size observed, they
were tentatively listed as delta smelt.

In 1989, Stevens et al (1990) reported collections
of the Japanese wakasagi (Hypomesus nippo-
nensis) from Folsom Lake, on the American

River system. The early life history of waka-

sagi was almost unknown when the Depart-
ment of Fish and Game introduced this species
from Japan to California in 1959. Therefore,
clarification is needed. '

Mokelumne River

In 1991, the Mokelumne River was sampled in -

February, March, May, and June, with a total of
46 early life stage delta smelt collected in the pilot
study. Delta smelt larvae were first observed in
the South Fork Mokelumne River on March 11
(Sweetnam and Stevens 1991). Delta smeltlarvae
were collected at both South Fork and North
Fork Mokelumne River on March 5 (this study).
Most specimens (27) were captured on May 23
and were in the hatching and post-hatching stages.

Apparently as aresult of five years of droughtin
Northern California, delta smelt moved its
spawning ground farther inland to fresh water
of the Mokelumne River. The new spawning

area receives fresh water from the upper drain-

age of the Mokelumne River and from the Sac-
ramento River via the Delta Cross Channel.
Some larvae may also have been transported
from the Sacramento River via the Cross Channel.

February-March (n=9)

Total Lengthmm
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40
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b A

40 60 60 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 I.
Total Length-mm

Figure 6
LENGTH DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES
COLLECTED IN AREA 3, MOKELUMNE RIVER, IN 1991
(in millimeters total length)
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Cache Slough

The Department of Fish and Game conducted
the Cache Slough pilot study in February and
March 1991. From 14 samples collected, 85
early life stage delta smelt were identified.
Delta smelt larvae were first observed there on

March 11 (Sweetnam and Stevens 1991). -

Hatching and post-hatching size larvae were
taken from Cache Slough (Stations 713 and
715) on February 27 (this study). Delta smelt
and longfin smelt were observed at the same
stations on many occasions, and this led to
hypotheses that Cache Slough has a unique
habitat as a “mini-estuary” The fresh water
may come from the adjacent Steamboat
Slough and the Sacramento River; the brackish
water may come from the upper agricultural
drains of Cache Slough.

February-March (n=34)

Number

Total Length-mm

Figure 7
LENGTH DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES
COLLECTED IN AREA 4, CACHE SLOUGH, IN 1991
(in millimeters total length)

Seasonal Movement
and Spawning

Delta smelt have a definite seasonal move-
ment. The prespawning population concen-
trated in the lower delta and upper Suisun Bay
in fall, then dispersed into delta channels and
sloughs to spawn in winter (Erkkila et al 1950;

14

Ganssle 1966, Radtke 1966). Spawning also
occurred in Montezuma Slough and the upper
estuary in the predrought years (Moyle 1976;
PG&E 1980a,b; Wang 1986). Juvenile delta
smelt have a downstream movement pattern
that starts in summer and fall (Moyle 1976;

‘Wang 1991), although some juveniles may re-
“main in the delta all their lives (this study).

In 1990 and 1991, delta smelt samples collected
in the DFG midwater trawl (Sweetnam and
Stevens 1991) demonstrated that prespawning
adults congregated in the lower Sacramento
River to Honker Bay as a fall (September-
November) staging ground, then dispersed
into downstream bays and upstream in winter
(December-January) to look for a suitable
spawning ground. They regrouped in a
smaller biomass in areas that had good fresh-
water flow in the front and the entrapment
zone not too far behind, such as Suisun Bay
and Montezuma Slough (near Suisun Slough
and Cordelia Slough), Sacramento River (near
Isleton), Cache Slough and Steamboat Slough
(above Rio Vista), lower San Joaquin River
(near Andrus Island, and North and South
Fork Mokelumne River (below Walnut Grove).
Spawners seem to be opportunistic and will
move from one location as a fraction spawner
to ensure suitability of spawning and hatching

(this study).

The delta smelt spawning period is longer in
the Sacramento River than in the delta. The
lower water temperature in the Sacramento
River may be a favorable factor.

Limited numbers of delta smelt larvae have
been collected in canals and sloughs near the
Central Valley Project and State Water Project
delta facilities since 1988 (Spaar 1990a,b, 1991).
Delta smelt adults were observed at the Tracy
Pumping Plant intake screens during winter
in 1990 and 1991 (Wang 1991). For the most
part, the window there for delta smelt larvae
extends from March to June.
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1988 Stations

Date
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64

66 | 65 | 608

607

609

67

611

68

04/11

04/16

04/20

04/24

33

55

04/28

05/02
05/06

05/10

05/14

05/18

05/22

05/30

1989 Statio

ns

1990 Statio

ns

66

65

11

17

19

33

35

04/12

04/16
04/24

04/28

05/02

05/06

05/10

06/07

06/12

1991 Stations

66

65

17

19

21

23

25

02/13

02/19

02/26

02/27

03/11

04/04

33

35

37

39

41

43

47

61

04/10

04/16

04/20

05/06

0510

05/14

05/24

05/30

‘ Figure 8
CATCH OF PACIFIC HERRING EARLY LIFE STAGES IN THE SACRAMENTO-SAN JOAQUIN ESTUARY, 1988-1991
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Appendix A

EARLY LIFE STAGES OF DELTA SMELT
COLLECTED IN THE
SACRAMENTO-SAN JOAQUIN ESTUARY

C—048186
C-048186



C—048187

DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Sizes Station Number Sizes Station Number Sizes
No. ~ Caught  (mm Total Length) No. Caught (mm Total Length) No.  Caught (mm Total Length) No.  Caught {mm Total Length)
-1 9 9 1 —
02/13/91 03/27/91 04/08/91 04118/91
None 41 5 5862626267 66 1 63 # 1 —
8 1 T4 65 2 5870 57 1 56
02/26/91 4 1 53 5 5 6566747475 60 1 67
43 2 4245 47 1 57 9 1 69 »
02027091 51 1 57 39 1 60 04/20/81
None 53 3 485456 43 2 5460 53 1 62
55 1 65 47 1 57 5 1 60
03111/91 57 1 ‘67 49 i 55 60 2 6868
35 1 50 906 1 60 53 1 58
37 1 45 61 2 5054 59 3 505252 g?/zzm T
39 2 5060 61 1 50 53 3 555560
43 8 51565760 04/04/91 | e
60 64 70 70 65 2 5766 04H0/91 55 1 4
45 8 53535465 13 3 567677 13 2 6062 57 1 68
57 6.0 62 6.4 35 2 4247 33 1 54 04/24/91
47 13 48495152555556 |39 145 39 2 5563 3] 2 5256
57 5760626872 43 4 42454552 4 1 50 55 1 a4
49 2 5152 51 1 44 o :
51 4 52556570 83 1 60 04/12/91 04/26/91
53° 4 51586363 55 2 5360 65 1 78 59 1 62
59 i 54 43 3 606264
03H3/91 45 2 5560 04/28/91
55 1 58 04/06/91 47 1 63 51 1 60
906 i 60 33 i 54 59 1 50 55 1 53
60 2 6070 35 1 43 96 1 64 57 6 505255565664
- 39 2 57641 60 1 50 59 { 54
03/26/91 41 7 40475051526060 06 1 60
33 8 55575860 45 1 68 04/14/91 61 i 78
6.2 6.2 65 6.7 49 2 57868 43 1 6.0 :
35 3 506774 53 2 5557 49 2 4762 - 04/30/91
37 5 5.7 6.4 5.5 6.5 6.6 59 1 52 37 1 6'0
43 2 4345 ' 04/16/81 55 1 60
43 1 53 :
60 2 7172

Area 1 -- 1991
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Area 1 -- 1991 .
DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Sizes Station  Number Sizes Staion Number Sizes

No.  Caught  (mm Total Length) No.  Caught {mm Total Length) No.  Caught (mm Total Length) No.  Caught (mm Total Length)

— 1 9 9 1 s '
05/02/91 05H4/91 05/26/91 ' 06/23/91

3- 1 68 41 1 70 None 3 1 232
B 1 &8 ¥ 1 10 05/30/91 06/25/91
59 11 515760606262 |5 1 85 48 1 69 . None
6.3 64 65 6.7 74 906 2 68113 55 1 175 Pr—
60 2 6061 : 5 1 130
61 1 67 0516/91 60 1 100 51 195
05/06/91 ?,? f ?? 85 06/03/91 06/28/91
57 4 55556085 60 1 97 51 1 190 None -
5 6 566368697070 |61 2 75102 55 1 84 | 0710191
05/08/91 05/18/91 06/07/91 5 . None
39 177 51 4 58656871 43 55 7.1
a1 er | - 49 1 212 - | o2
48 1 68 05/20/91 _ 1
47 4 57576068 e T2 06/11/91 oTI05/61 -
49 3 6555760 51 2 6570 47 ? 9.3 11.0 200 6 1 310
56 2 5562 0522091 &1 9.1 5 1 115
gg ? gg 70727481 - 5T {0 586062626364 65 | 61581 S 1 18
, Lo 906 1 145 51 1 238 Y
05/10/91 61 2 6061 59 1 40 .
None 05124191 | 06/19/91 o7t
05/12/91 37 1 67 51 2 148150
a7 1 64 39 1 69
59 . 2 6768 43 2 6382
61 1 67 5 3 6887142
B9 2 112177
60 1 73
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DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Sizes Station Number Sizes Station Number Sizes
No.  Caught  (mm Total Length) No.  Caught (mm Total Length) No.  Caught {mm Total Length) No. Caught (mm Total Length)
_— 1990 -—
0412/90 04/20/90 04/26/90 05/08/90
37 2 5865 37 1 64 35 1 112 45 2 6266
41 8 46-75 39 1 52 49 6 58-80 57 2 77250
43 2 6072 43 5 b53-84 51 4 51-53 60 2 6282
47 4 58-80 45 1 68 53 2 5880 61 3 62-90
49 7 58-78 47 4 47-80 55 3 60-98
51 1 55 49 1 54-78 59 2 4752 05/10/90
55 3 45-53 53 2 7280 60 4 60-78 45 1205
57 1 50 57 1 50 61 1 55 g; } ug
906 2 5370 59 1 8 -
60 1 70 906 1 6.'7/ 04/28/90 60 1 100
: 60 3 60-63 41 1 6.5 61 1 15.0
0414/90 61 4 63-101 45 4 60-68
39 2 5862 S 05A12/90
41 5 6072 04p2/0 - 04/30/90 3 1T 02
43 2 6067 37 1 51 None 45 1 73
45 3 55-65 4 2 5290 05/02/90 6 2 98104
47 5 50-74 45 1 65 i T 61 1 80
g? g ig - gg ‘gg ‘1‘ gg - 12 B8 2 5774 05/14/90
23 > 626k 2 2 1266 49 8 50-60 906 7 58-87
< 0. 2 9 57 3 50-68 60 1 108
55 1 56 59 4 50-82
96 4 55-98
57 1 48 61 3 60-70 60 4 5‘3 .65 05/16/90
59 3 56-60 ’ ’ 51 i 65
60 2 7488 04/24/90 05/04/90 5 1 207
61 2 5868 41 2 83105 3B 1 71 60 4 83-230
45 9 53-80 poc 1 64 ,
04/16/90 49 2 - 20 1 87 05/18/90
5 2 5054 53 3 41-75 5 %0 70-117
47 1 48 57 2 5066 05/06/90 57 1 108
49 4 60-78 60 3 55-90 43 i 61 906 {1 150
51 2 5860 61 4 82-108 45 22 58-100 60 1 160
57 3 48-65 49 6 58-110 61 1 97
53 1 65
57 4 55-85
906 2 6068
60 5 59-97
61 3 67-95

Area 1 -- 1990
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Area 1 -- 1990
DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Station Number Sizes Station  Number Sizes
No.  Caught  (mm Total Length) No.  Caught (mm Total Length) No.  Caught (mm Total Length) No.  Caught - (mmTotal Length)
1990 —

05/20/90 05/30/90 06/11/90 06/23/90 ,
37 1 142 43 1 - 230 None 45 1 298

5 8. .5
7o . o
55 1 120 60 2 184268 4 1 225 a1 280
6 1 90 61 1 18 06/13/90 07/01/90
05/22/90 06/01/90 None None
53 1 33'3 06/03/90 None None
05124190 g1 s 06/17/90 07/09/50
47 2 147198 57 1 92 None None
59 1 108 1 60 1 225
906 2 84107 06/19/90 071350 .

- 06/07/50 A1 20 1 2 535540
05/26/9 43 1 143
49 - 1 65 ‘ 06/21/90
51 1 243 06/09/90 Nors
B3 2 240255 None
55. 2 142185
906 1 140

1
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DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes : Station Number Sizes Stafion Number  Station Number Sizes
No.  Caught  (mm Total Length) No.  Caught (mmTotal Length) No.  Caught  (mmTotalLength) No.  Caught  (mmTotal Length)
—_— 1 989 —
04/12/89 04/24/89 57 2 4447 | o5r6/9
33 2 5061 39 1 73 59 5 56-63 43 1 94
135 2 5556 43 2 5774 286 1 gg iy 45 1 60
37 3 70-85 51 2 5556 6 - 6.
39 7 60-72 53 2 5355 61 13 53-65 ' 221301891 -
43 3 62-70 55 3 53-55 :
4 1 55 57 1 53 ‘1’2’06’89 — % 1 55
47 3 50-60 60 4 53-72 :
49 6 53-90 61 1 63 15 1 57 gg"’a"’ﬂ 5
Y 04/28/89 55 1 58 49 1 67 -

55 3 52-60 o - o o
57 1. 67 3 : 06/07/89
60 4 43-50 37 i1 562-85 59 1 72 None
61 4 55-70 39 1 50 05/10/89

44 16 58-116 5 % 06/11/89
24/16,89 7 5762 Zg '14 gg 92 39 1 135 ® 1 28
3 2 70108 47 29 55-92 43 } 70 06/15/89
39 2 6061 49 100 49-80 4; : gg 58 None
41 2 5767 51 3 47-65 gs YT 06/19s
43 1 57 55 6 45-70 435, N
45 4 60-65 57 4 50-64 %6 1 108 one
49 2 52556 59 2 5254 05/14/89 06/23/89
51 2 6869 96 3 50-60 23 6065 3 T
% 2 6267 6 3 55-64 47 21 48-66 45 1 30
2 5055 55 2 6570 49 1 175

05/02/89 & TS
04/20/89 133 1 59 05/18/89" 14
.1 50 178 39 1 55 06/27/89
43 3 68-84 37 4 55-58 11 3 57-80 Nome
45 7 55-65 39 2 54101 49 1 11
51 5 6873 41 9 50-62 A7 i 74 07/01/89
53 2 5460 45 6 52-64 49 2 64 5 1 420
55 3 53-64 47 5 55-87 e 1 79 61 1 150
57 2 5564 49 7 55-62 -
906 6 52-65 51 7 48-60 05/22/89 07/05/89
61 1 61 53 3 50-67 None None

|55 4 53-58

Area 1 -- 1989
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Area 1 -- 1988 '
DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Sizes Station Number Sizes Staion Number Sizes
No.  Caught  (mm Total Length) No.  Caught (mm Total Length) -No.  Caught (mm Total Length) No.  Caught {mm Total Length)
—_ 1 988 —
04/12/88 , 51 2 6465 05/06/38 05/26/88
35 2 5658 53 3 60-97 139 1 64 11 1 78
43 4 59-95 55 6 63-76 47 1 74 35 2 72100
45 2 5360 59 4 58-87 61 1 67 37 3 95-114
47 15 52-113 906 4 52-124 # 2 85100
49 10 60-92 99 1 62 0510/88 43 6 60-147
51 4 58-67 60 1 65 37 180 48 2 5362
53 .9 52-80 61 1 75 39 4 53-87 :
55 i 54 : 4 1 78 05/30/88
59 17 52-98 04/24/38 47 3 64-72 15 1 66
906 6 52-85 66 2 5560 906 2 6578 :
33 2 5860 60 3 70-87 06/03/88
04/16/88 . 35 6 54-64 : - 39 2. 80200
i 35 6 65-104 37 16 57-100 05/14/88 45 1 250
| 37 5 62-71 39 4 57-74 g? ? g; 58 51 1 144
i 39 5 60-72 41 1 62 X
| 4 3 58-70 % 1 85 06/07/88
| 81 85 04/28/88 41 2 7083 None
49 4 5_7 . 10'0 39 2 6267 53 1 6.3
51 3 53-102 f;? } %’ , 60 3 64-113 06/15/88
. ! ’ 45 1 286
B 1 5e 5 2 5255 05/18/68 5 1 60
57. 1 68 5 2 5759 8. 1 83 09 1 220
59 6 57-67 59 2 5962 41 6 74-102
909 1 56 61 1 122 g; } gg 06/19/68
‘_ « . 4 1 262
60 3 -60-102 L 61 6 57-69 7 2 167198
04/20/88 2 697 ’ 57 1 210
37 560 B8 33 2 6870 05/22/88
39 6 5l2 '73 35 3 -68- 7.3 35 3 5-2 - 66 06/23/88
141 1 &6 43 3 57-84 39 1 58 41 1 255
45 3 60-67 43 1 65 43 1 217
43 2 61107
47 3 58-63 60 . 1 6.5 47 1 18.5
49 5 50-71 61 2 5560 49 1 230
o 55 1 272
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DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 1
Station Number Sizes Station Number Sizes Station Number Sizes Station  Number Sizes
No.  Caught  (mm Total Length) No.  Caught (mm Total Length) No.  Caught (mm Total Length) No.  Caught (mm Total Length)
- 1 9 8 8 ~
06/27/88 07/01/88 07/09/88 07/13/88
41 1 255 None None None
‘1? : %? 07/05/88
49 1 225 None
51 1 280

C—048193

Area 1 -- 1988

C-048193



. '\ 3 i ; \ ] 8 1 1 ) N \ 3 ) - . 3 : B
A - 3 L ). , g . 3 g d _ 9 . g 2 k

DELTA SMELT EARLY LIFE STAGES COLLECTED - _ AREA 2
Station Number Sizes Station Number Sizes Station Number Sizes Station Number Sizes
No.  Caught  (mm Total Length) No.  Caught  (mm Total Length) No.  Caught (mm Total Length) No.  Caught (mm Total Length)
- 1 9 9 1 —
0211391 , 03/28/91 04/28/91 05/04/91
None 19 2 50652 19 1 110 72 4 50515560
~ 29 1 52 23 3 474762 70 2 5459
0211991 3 3 505255 2% 2 5267 7 1 57
None ' 27 1 60 735 2 4950
02120/51 04/04/91 32 11 455051555557 |74 1 44
2 21 1 60 5.7 6.0 60 6.0 64 745 1 43
one 25 1 62 72 3 404852 75 1 53
02/26/91 32 1 70 ;gs Z N 22 4546 46 47 49 50 ;gg 1 gg
None 04/06/91 71 2 5357 ,
02/27/91 : None 73 2 50541 05/06/91
70 1 51 04/10/91 735 2 4552 32 4 53606073
. 7 — 74 1 42 72 5 4854565860
02/28/91 . 25 5 5865 745 3 434550 725 5 4751535555
73 1 44 129 1 60 - : 71 1 48
75 1 50 : 04/30/91 74 1 53
75 3 505355 04112/91 72 4 51555760 745 1 40
76 2 57658 None 725 4 43465155
70 6 49505254555 05/08/91 ,
03/05/91 : 0416/91 . 735 1 45 . 72 3 505360
7 5 4447525360 25 2 5562 ’ 74 1 38 725 2 5253
745 1 42 7 1 53
03/18/01 » 04/20/91 75 2 4148 73 8 505155
176 475057575865 139 1 67 735 3 525688
19 7 49505468686986 |3 1 60 05/02/91 74 2 4952
21 11 535454555559 - 72 8 49505060 i 745 1 45
6.0 6.0 6.3 6.3 65 04/24/91 6.0 6.2 63 65
23 2 5960 None 725 4 50606064 05H0/91
25 1 65 70 3 50556. 71 1 50
27 2 4058 04/26/91 7. 3 455052 73 5 4850525253
32 3 515455 72 3 515360 735 2 5060 1735 1 50
* 725 2 4.7 50 74 1 57
03/27/91 71 3 454747 : 745 2 4750 05H2/91
25 1 52 : 735 3 475152 . ‘ 725 2 5355
27 1 60 74 1 50 e 70 1 48
745 1 40 1 74 1 47

Area 2 -- 1991
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_ Area2 - 1991

DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 2
Station Number Sizes Station Number - Sizes Station Number Sizes Stafion Number Sizes
No.  Caught  (mm Total Length) No.  Caught”  (mm Total Length) No.  Caught  (mmTolalLength) No.  Caught  (mm Tolal Length)
= 1991 —
05/14/91 05/22/91 06/05/91 06HT781
2 2 5765 , 72 1 &8 735 1 109 None
72 36 525354545455 735 i 52
555757575757 |74 1 A7 06/06/91 06/19/91
57 57 57 5.8 58 5.9 745 9 4648 None None
5.9 6.0 6.0 6.0 6.0 6.0 75 1 47 ' :
6.% g% (63.2 6.2 6.2 gg ' 06/07/91 06/28/91
6.5 6.7 66 6.8 6.8 6. 32 i 90 None
|72 3 505760 33’2“’9‘ 56
70 - 2 5051 73 2 5152 06/09/91 070191
73 1 48 735 5 5150 None None
s 3 s 7 2 5255 06/11/91 07/05/91
755 3 424546 05126/91 None % 129
05/16/91 29 1 65 06/13/91 07/09/91
745 1 51 05128/91 Nane None
735 1 b4 06A15/91 071381
' 05,
72gals1 — = 175 2 44 46 32 1 255 None.
70 1 66 05/30/91
735 i 50 None
75 2 4249 ”
06/01/91
1 05/20/91 755 1 40
172 1 57
725 2 5357 06/03/1
I i 65 None
175 1. 45
- 83 444545

» i
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DELTA SMELT EARLY LIFE STAGES COLLECTED | - . AREA 2

Station Number Sizes Station Number Sizes Station Number Sizes Staion Number - Sizes

No.  Caught  (mm Total Length) No.  Caught  (mmTotalLength) No.  Caught  (mm Total Length) No.  Caught  (mmTotalLength)

| | — 1990 —
04/12/90 05/02/90 05/24/90 - 06/17/30

2573 1 50 32 3 48-50 None _ None
2 7 0-98"
32 9 3,0 - 90 05/04/90 05/26/90 06/19/90
‘ None » None 25 i 231
041440 - _ ,
None — | 05/06/90 _ 05/30/90 06/21/90
27 1 45 : None None
04/16/90
27 1 52 05/08/90 : ‘ 06/01/90 06/23/90
None ~ None None
04/20/90 : _
23 3 52-54 , 05A10/%0 ' 06/03/90 : 06/27/90 :
o7 4 50-77 32 1 60 ‘ ’ ‘None _ 21 1 45 .
78 2 5760 | 0512/90 . 06/07/90 . : : 23 4 310-370
04/220 - - = None _ None 07/01/90
None S 05114190  |osmamo I S S
04/24/90 ‘ None , . None 23 1 220
3 ’ _
17 2 ST e S ) R 07580
\ 05/18/90 06/12/90 : _ 21 1 165
zg::m. None None 2 1 %2
04/28/90 05/20/90 0613/90 :IWOQIQO
None None one
27 2 4048 :
32 2 48 50 05/22/90 06/15/90 25“3/90 : 55
04/30/90 23 2 97102 27 1 170 >

None 27 .1 1.0 32 1 250

Area 2 -~ 1990

C-048196

C—048196



Area 2 -- 1989 ,

DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 2

Station Number Sizes Station Number Station Number Sizes Station Number Sizes

No.  Caught  (mm Total Length) No.  Caught (mm Total Length) No.  Caught {mm Total Length) No.  Caught (mm Total Length)

89 —

04/12/89 04/28/89 05/10/89 06/11/89

19 2 5560 27 2 5065 2 3 80-95 None

21 3 58-65 29 1 50 32 1 55

% 2 6065 72 5 5355 72 1 48 06/15/89

29 2 4850 70 1 50 73 1 53 None

32 1 48 7 1 52 735 1 50
3. 1 45 74 1 44 ﬁS"%g

04116/89 735 3 48-115 one

29 2 5052 74 5> 5054 05A14/89 06/23/89

04/20/89 745 1 45 gg B } gg None

25 3 50-54 05/02/89 '

27 1 55 5 T EB 05/18/89 folp78

29 5 46 -68 25' 5> 5060 None

725. 2 A4 47 27 1 52 05/22/89 07/01/89

001 47 29 2 5052 1 E3 19 1 460

Mo 8 42-45 % 3 52-54 2 S "

745 1 3.9 70 2 4255 | None 25 1 5.0
73 4 49-58 ‘

04/24/89 05/30/89

21 1 62 05/06/89 75 1 65

25 4 53-57 23 1 55 _ )

27 2 5255 29 1 50 06/03/89

29 2 4857 32 2 4850 25 1 63

2 3 48-60 725 1 4

725 1 48 70 2 4448 06/07/89

1. 1 5.0 73 1 45 None

73 1 46 4

735 1 42

74 3 40-45

C—048197
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DELTA SMELT EARLY LIFE STAGES COLLECTED AREA 2
Station Number Sizes Station Number Station Number Sizes Station Number Sizes
No. Caught  (mm Total Length) No.  Caught {mm Total Length) No.  Caught  (mmTotallength) No.  Caught (mm Total Length)
1988 —
04/12/88 04/24/88 05/18/88 06/15/88
25 2 5873 25 2 5285 17 1 65 25 i1 220
7 , . X 27 .
gg } ;g 29 2 43108 0512288 1 57
32 4 54-88 gg/28'88 56 None m:/as
0416/88 25 5 52.63 05/26/88
17 2 5862 17 2 6064 06/23/88
24 8 59 .74 05/02/88 32 1 57 23 1 450
gg 3 jé - g{ 2 3 55-60 05/30/88 06/27/88
0 -9 05/06/88 None None
32 3 50-60 R 06/03/88 07/01/88
04/20/88 A &i/r‘llglss None None
19 6 52-63 06/07/88 07/05/88
g; 2‘ gg - 51)%2 | 05/14/88 None 21 1 320
D - . 17 3 60-65
25 1 53 03 2 9.3 10.2 06/111/88 07/09/88
29 2 6065 39 1 78 None None
0713/88
None

C—048198

Area 2 -- 1988

C-048198
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DELTA SMELT EARLY LIFE STAGES COLLECTED

AREA 3

Station Number Sizes
No.  Caught  (mm Total Length)

Staion Number Sizes

Station Number Sizes

Station Number Sizes
No.  Caught (mm Total Length)

No. Caught (mm Total Length)

No. Caught {mm Total Length)

— 1 9 9 1 —
02/21/91 03/13/91 05/23/91 06H12/91
None 924 1 53 903 4 55575860 92 2 92158
919 5535354555, -
03/05/91 05/09/91 9:120 3 g.z 62 7.0 s.g >5 58
919 1 65 903 1 53 1921 3 5365094
921 1 55 999 2 5760 922 9 50506515152
92 2 5255 920 1 62 52 52 55 12.2
993 4 49515562 92 4 52525253 923 1 59

Area 3 -- 1991

C—048199

C-048199
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DELTA SMELT EARLY LIFE STAGES COLLECTED

AREA 4
* | Station Number Sizes Station Number Sizes Station Number Sizes Station  Number Sizes
No.  Caught  (mm Total Length) No.  Caught  (mmTotallength) No.  Caught  (mmTotal Length) No.  Caught  (mmTotalLength)
—_— 1 99 1 =
02/19/91 02/27/91 03/18/91 03/27/91
None 713 17 424545474748 712 1 44 5 3 425262
: 48 49 5050 5.0 52 713 5 4552535770
62 53 56 5.7 58 715 8 45454750
715 51  Not Measured 55566270

Area 4 -- 1991

C—048200

C-048200
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Appendix B

SPATIAL AND TEMPORAL DISTRIBUTION
OF
DELTA SMELT EARLY LIFE STAGES
COLLECTED INTHE =~
SACRAMENTO-SAN JOAQUIN ESTUARY
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SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES

AREA 1

No value indicates no sample was taken; “-” indicates samples did not contain delta smeit.

Station Number

Date 66

35

37 39

41

43 45 47 49

51

53

57

59

906 909

60

Area 1
61 Total

02/13/91
02/26/91
02/27/91

03/11/81
'103/13/91
03/26/91
-1 03/27/91

04/04/91 -
04/06/91
04/08/91 1
04/10/91
04/12/91 -
04/14/91
04/16/91
04/18/91
04/20/91 -
04/22/91
04/24/91 -
04/26/91

|oarmer -

04/30/91

05/02/91 -
05/06/91 -
05/08/91
05/10/91 -
05/12/91
05/14/91 -
05/16/91
05/18/91 -
05/20/91
05/22/91 -
05/24/91
05/26/91 = -
05/30/91 -

§ Ay A

[44]

-0 N

991 ~—

V=2 W N AN o
-
'
n

’
]
[l
]

[ —_-N—- W

1 WO -,

€Y ) - B T A

¢ =k ok b g

»

[ '} [A R

oy
— T -

. =R

'
—t
P OWWPOO A,

Area 1 - 1991
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Area 1 -- 1991
SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES AREA 1

No value indicates no sample was taken; “” indicates samples did not contain delta smelt.

Station Number

‘ " Area 1
Date 66 65 5 7 9 11 13 15 33 3 37 39 41 43 45 47 49 51 53 55 57 59 906 909 60 61 Total

— 19981 —

06/03/91
06/07/91
06/11/91
06/15/91
06/19/91
06/23/91
06/25/91 - - - - :
06/27/91 ' - - - - - - - - -1 - - . - - - -
06/28/91 - - - - - - - - ' . .

07/01/91 C e e e e e
07/02/91

07/05/91 S
07/09/91 A
o7A%el - - - - e - ..

Total 1 6 & - 1 - 6 - 1

LN B B
¢ 5 1 1
P s 8 r 9

L]
R
LI R B
[ R BT B
LI I B I |

1]

- = N
LI D R I B ]
oo W
[ T T R ]
13
s F 1t 8 9
,
t
.
w—t

'
-
=y S RDWRWN

8 e
L L] L] L}
L] L] L] ,
. , . L]
T 0

L] L] L] L]
[
[
1, . ] L]
v -y
v L] ] L]
L] € L3 L3
L] * . 1)
[

e

1 16 32 13 25 11 3 5 18 21 32 8 &+ 13 M : 305

~
(-]

C-048203
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Area 1 -- 1990

SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES AREA 1

No value indicates no sample was taken; “-" indicates samples did not contain delta smelt.

Station Number

Area 1
Date 66 65 5 7 9 11 13 15 35 37 39 41 43 45 47 49 51 53 55 57 59 906 909 60 61 Total
—_ 1990 —

07/01/90 . - - . . - - - - - - . . . . . . .
07/05/90 - - - . . . - - . . - . . . . R . .
|07/09/90 - - . - - . - - - . . - . . . . R R .
07/13/90 - 2 - . - - - . . . . - . . . . 2
1 6 4 19 {7 5 23 72 19 15 11 23 11 20 36 26 357

| Total 2

-' X-
Y N T R BT TIRL ey

] Wi,

v e, oo Bl s

T ST R o PR T T . il e o ki i BT T M

C—048205
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SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES AREA 1
No value indicates no sample was taken; “-” indicates samples did not contain delta smeit.
. Station Nurﬁber
, ’ K Area 1
Date 66 65 5 11 13 15 33 35 37 39 41 43 45 47 49 51 53 55 657 59 906 909 60 61 Total
- 1 989 ~—
04/12/89 . . - 2 2 3 7 - 3 -4 3 6 38 - 3 1 - - 4 4 42
04/16/89 2 - - - 2 -2 2 1 4 - 2 2 - 2 2 - - - - 21
04/20/89 - - - - - 1 - - 3 7 - - 2 2 3 2 - 6 - 1 27
04/24/89 . - - - - -t -2 - . - 2 2 3 1 - - 4 1 16
04/28/89 - - - 1 - 1 1 16 4 1 29 100 3 - 6 4 2 3 3 - 184
-1 05/02/89 - - - 1 1 4 2 9 - 6 5 7 7 38 4 2 5 1 4 13 74
05/06/89 - 1 1 - - - -1 - - - . - - 1 1 1 - - - 6
05/10/89 - - - - -1 1 - 1 -1 3 - - 2 - - 1 - - 10
05/14/89 - - - - - - - - 3 - 2 - - - 2 - - - - - 26
05/18/89 - - - - - - 1 3 1 - 1 1 - - i - - - - - 8
05/22/89 - - - - - - - - - - - - - - - - - - - - -
05/26/89 . - - - - - - - -1 1 - - - - - - - - - - 2
05/30/89 - - - - 1 1 - - - - - - - - - - - - - - 2
06/03/89 . T T - - 2
06/07/89 . s e e e e e e e e e e e e e e - - .
06/11/89 . e - - 1
06/15/89 . e - - -
06/19/89 . e - - -
06/23/89 . B T T L - - 4
06/27/89 . T P L T ST S - - -
07/01/39 . e T . 2
07/05/89 - e T - - -
| Total 2 1 1 4 7 21 16 3t 20 22 6 121 19 8 27 13 8§ 1 15 20 427

C—048206

Area 1 -- 1889

C-048206



Area 1 -- 1988
SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES AREA 1
No value indicates no sample was taken; “-” indicates samples did not contain delta smelt.
Station Number

Area 1

Date 66 65 5 7 9 11 13 15 33 35 37 39 41 43 45 47 49 51 53 55 57 59 906 909 60 61 Total
- 1988 — ‘

04/12/88 - - - - - 2 - - - 4 2 15 10 4 9 1 - 17 -6 - - - 70
04/16/88 - - - - - 6 5 &5 3 1 3 3 4 3 A1 1 1 6 -1 3 - 46
04/20/88 - - - . - - 2 6 1 2 - 3 5 2 3 6 - 4 4 1 1 1 4
04/24/88 2 - - - 2 6 16 4 1 31
04/28/38 - 5 - - - - 4 2 - 1t - - - 1 - 2 2 2 - - -1 20
05/02/88 -2 - -2 8 - . .88 - e e e e e e e e e 13
05/06/88 - - - - - - -1 - - - 1 . - . - . . . - . 1 3
05/10/88 - . - . - - 1 4 1 - - 3 - . - - - - 2 - 3 - 14
05/14/88 -2 - - - - 1 1 2 2 - - 1 - 1 - - - - - 3 - 13
05/18/88 - - - S T T S A S 15
05/22/88 -~ - - : . - TS T T T 8
05/26/88 - - 1 - -2 8 -2 6 2 - - e e e e e e e 16
05/30/88 - - - 1 - e e e e e e e e e e e e e e e e, 1
06/03/88. - - : - 2 o 4
06007/88 - - - e .
06/11/88 - - . I e 2
06/15/88 - - - B T R S SRR 3
06/19/88 - - - A 2 4
06/23/88 - - - - . - - -1 1 - 1 1 . - 1 - - - . - . - 5
06/27/88 - - . e A L T T T 5
07/01/88 - C e e e e e e e e e e e e e e e e .
07/05/88 - - - - - - - - - - - - - - . - - - - . - -
07/09/88 - - . C e e e e e e e e e e e e e e e -
07/13/88 - - - - - - - . - - - . - - - - - - - L. - -
Total . 2 9 1 1 4 22 32 27 19 23 {2 29 2 12 4 11 5 3 12 3 11 11 314

C-048207

C—048207
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|SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES

AREA 2

No value indicates no sample was taken; “-” indicates samples did not contain delta smeit.

Station Number

Area 2

— 1991 —

[o2naiat

g
2

§
<o
ot
[ I Y
I I Y
T S
N
N
N
'
'
.
'
0

-t g ' 9 . ﬂﬂ-‘-&w
[ T T T T T T B |
L T S T R T T }

I T T TR B T B Y

05/22/91 - e e e e e
05/24/91
05/26/91 e
05/28/91
05/30/91 .- - - - .

%
.
.
.
.
'
'
.
-
o ek, lgl LA AWW
1 o WD W

e = WO NI & AN
e g =y ek =y s N =
=t PNk =y g g =D NN =N W
0t Nt g =hed D) =b bk mb b b
s I N ==, N g =t N AW -

T e N s = WD e
Ny == s =y

"| Date 17 19 21 23 256 27 29 32 72 725 70 71 73 735 74 745 75 755 76 765 77 7115 78825

Total

ga.nw.a.w o B = 4
C—048208

’ wﬂ\laﬂmdgh\l

Area 2 -- 1991

C-048208



_Area 2 - 1991
SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES AREA 2

No value indicates no sample was taken; “-” indicates samples did not contain delta smelt.

Station Number

Area 2
Date 17 19 21 23 25 27 20 32 72 725 70 71 73 735 74 745 75 755 76 765 71 TI5 78825 Total

— 1991 —

06/01/91 T
06/03/91
060591 - ’ e T
06/06/91

| 0el07/91 e e e e ey .
06/09/91

06/11/91 - e e e e
06/13/91

06/15/91 e - e e e e
06/17/91 _

06/19/91 S e e e e
06/28/91 - -

07/01/91 .
07/05/91 -

LI T B |
[ )
[T ]
(I T}
. . L] .
[T R T T |
[T T T T )
[ I '}
[T T T T}
[ T S |
[T S T )
t oy
]

LI I I ]
. A R )

07/09/91
" 07713/91

Total - 7 10 12

[ I |
[ R ]
[ I}
¢ . -,
R I |
[ T |
[ T |
g -y

o

10 4

L3

27 68 32 1B 18 14 20 13 6 10 4 2 - - o -

8
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Area 2 -- 1990

SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES

AREA 2

No value indicates no sample was taken; “-” indicates samples did not contain delta smelt.

Station Number

Area 2

Date 17 19 21 23 25 27 29 32 72 725 70 71 73 735 74 745 75 755 76 1765 77 775 78-825 Total
_ 1990 —

07/01/90 1 8 1 - - - 10
07/05/90 1 1 1 - - 3
07/09/90 - - - - - i ’
0713/90 1 - 1
Total , 2 10 13 2 19 19 2 2 69

C—048211

o . fe B T . pro “ [ o - .o 2 N - . . -

C-048211
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SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES

AREA 2

Station Number

No value indicates no sample was taken; “-” indicates samples did not contain delta smelt.

Area 2

Total 3 8 1 13 6 17 # 38 5 6 5 9 5 6 2 f

| Dato 17 19 21 23 25 27 29 3 72 725 70 71 73 735 74 745 75 755 76 765 77 715 78825 Tolal
— 1989 —
04/12/89 2 3 - 2 -2 1 - - - - - - - - - 10
04/16/89 - - - - - 2 - - - - - - - - - 2 -
04/20/89 - - - 38 1 5 - . 2 1 8 1 - - 1 - 17
04/24/89 -1 - 4 2 2 3 - 1 - 1 1 1 38 - - 19
04/28/89 - - -2 1 - 2 - 1 1 1 3 2 1 - 14
05/02/89 ' -1 - 2 1 2 3 - 1 2 4 - - - - 16
05/06/89 T L T 8
05/10/89 U R I T I SR 8
| 051480 o T T 5 .
05/18/89 - . oL -
05/22/89 - - ..o i
05/26/89 .. - - ... I .
05/30/89 - - e ...y ]
06/03/89 - - T, 1
06/07/89 . e e ... oL :
06/11/89 - - . - .. o :
06/15/89 .. e e e :
| 06119789 - - - - - e e e e .
06/23/89 c e e e e oo e e :
06/27/89 e e e e o e e :
|o7/01/89 1 - e e e oo e e 4
07/05/89 e 1
101

C—048212

Area 2 -- 1989

C-048212
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L - s W | ’ ! I '
SPATIAL AND TEMPORAL DISTRIBUTION OF DELTA SMELT EARLY LIFE STAGES
AREA 3 ' ' AREA 4
No value indicates no sample was taken; “-” indicates samples did not contain delta smelt.
Station Number Station Number
. Area 3 Area 4
Date 93 919 920 921 922 923 924 Total Date 712 738 75 17 Total
19 9 1 —_—
02/21/91 - - 02/19;91 - - - -
03/05/91 i 1 5 A 8 02/27/91 17 51 68
03/13/91 - - - - - 1 1 03/18/91 1 5 8 14
: 03/27/91 - - 3 3
05/09/91 1 2 1 4 - . 8
05/23/91 4 6 4 3 9 1 - 27 Total 1 22 62 85
Total 5 8 5 4 15 5 1 44

cC—048214

Areas 3and 4 -- 1991

C-048214
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Appendix C

SPATIAL AND TEMPORAL DISTRIBUTION
| OF
LONGFIN SMELT EARLY LIFE STAGES
COLLECTED IN THE
SACRAMENTO-SAN JOAQUIN ESTUARY

C—048215
C-048215
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SPATIAL AND TEMPORAL DISTRIBUTION OF LONGFIN SMELT

AREA 1

No value indicates no sample was taken;

Station Number

“." indicates samples did not contain longfin smelt.

Date 66 6 5 7 9 11

13

15 33 35

37 33 41 43 45 47 49 51 B3

55

57

59

906

909 €0

61

Area 1
Total

02/13/91
02/26/91

03/11/91
03/26/91
03/27/91

_| 04/04/91 5 - 2 1 -
04/06/91

'104/08/91 27 - - - - -
04/10/91

04/12/91 11 i 2 2
04/14/91 i

04/16/91 - 7 3 2 4 -
04/18/91 ‘

04/20/91 4 - - - - -
04/22/91

04/24/91 2 -~ 1 -1
04/26/91 :

04/28/91 - 1 - - - -
04/30/91

05/02/91 - -1 . - -
05/06/91 - - - - - -
105/08/91 :

05/10/91 - . - - - -
05/12/91

05/14/91 - - - - - -
05/16/91

05/18/91 - - - - - -
05/20/81 C

05/22/91 i - - - - -
05/24/91

05/26/91 1 - - - - -
05/30/91 - - - - - -

06/03/91 - -1 - - -
06/07/91 - - .1 - - -
06/11/91 - - - - - -

No longfin smelt were caught in samples from
Total 6 & 10 5 7 -
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1 14
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Longfin Smelt, Area 1 -- 1991

C—048216

C-048216
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SPATIAL AND TEMPORAL DISTRIBUTION OF LONGFIN SMELT AREA 2

No value indicates no sample was taken “.” indicates samples did not contain delta smelt.

Station Number

: » ' Area 2
Date 17 19 21 23 25 27 29 32 72 725 70 71 73 735 74 745 75 755 76 765 77 775 78-825 Total

- 1991 —

02/19/91 ‘ 58 70 T - 151 160 55 36 596
02/28/91 12 63 193 34 59 140 51 25 : 571

03/18/91 6 3 9 - - - - - 18
03/28/91 - 1 - - 1 1 3

04/04/91 2 - -
04/06/91 ‘

04/12/91
04/16/91
04/20/91
04/24/91
04/28/91

05/02/91
05/06/91
05/10/91
05/14/91
05/18/91
05/22/91
05/26/91
05/30/91

06/03/91 1
06/07/91 S e e e e e

06/11/91 . -
No longfin smelt were caught in samples from 06/13/91 to 07/13/91

Total 75 140 278 36 220 302 109 53 A 1213
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Longfin Smelt, Area 2 -- 1991

C-048217
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SPATIAL AND TEMPORAL DISTRIBUTION OF LONGFIN SMELT AREA 4

No value indicates no sample was taken; “-” indicates samples did not contain longfin smelt.

Statidn Number

Area 4
Date 712 713 715 17 Total
— 1 9 9 1 —
02/28/91 52 3 5 60
03/18/91 - 2 2
03/27/91 - - .
03/28/91 i
62

Total 52 3 7

Longfin Smelt, Area 4 -- 1991

C—048218

C-048218
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