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Spawning area:

Ocean

Crangon nigromaculata
Cancer magister
brown rockfish
California tonquefish
California halibut
English sole

speckled sanddab

Crangon nigricauda
Cancer gracilis
Elasomobranchs
northern anchovy
white croaker

- Bay

Pacific herring
arrow goby

bay goby

plainfin midshipman
shiner perch
jacksmelt

Nursery area:
Marine portions of the Bay

Figure 2. Summary of common Bay species that use the more marine areas
of the estuary as a nursery.



Spawning area:

Ocean - Delta and Rivers
starry flounder Palaemon white sturgeon
Crangon franciscorum  Yyellowfin goby  Delta smelt
staghorn sculpin longfin smelt

striped bass

Nursery area:

- brackish water portions of the Bay

Figure 3. Summary of common Bay species that use the brackish water areas
of the estuary as a nursery.
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Table 1. Summary of Contrasts Between Wet and Dry Years

Wet No Difference Dry
0.001 0.01 0.05 0.1 >0.1 0.1 0.05 0.01 0.001
Freshwater 2 3 1 4
Anadromous 4 1 3
Estuarine 5 1 1
Marine 2 3 1 31 1 2 2 3
Total S 4 6 7 2 39 1 2 2 4
Percent 10 8.6 10 29 55.6 1.4 29 2.9 57
31.5% 55.6% 12.9%

Note: Wet years = 1980, 1982, 1983, 1984, and 1986
Dry years = 1981, 1985, 1987, and 1988




Table 2. Contrast In Caiches Botween Wat Years and Dry Yoars

Wet o Difference Dry
< =0.001 0.001>p<=0.01 0.01>p< =005 0.05>pawaill p>0.1 0.05>pc=ill 0.01>p<003 0.001>p<0.0t p<=0.001

Frickly acuipin Thraadtn shad Colta smeX Bigscale logperch
Eplittad 3—spine sticlisback Camp
White calfish Channel catfish

Chinoak talmen American shad Fackc mmprey
Green sturgecn River lampoey

White sturgson

Estuarine %
Crangon fmanchscansm laemon mac Chamuelecn goby

Longfn smalt
Btaghom sewipin
Starry Bounder

Yetowlin goby

Cafomia tonguefish Lecpard shark Dvarf perch Arrow gaby Waloys suriperch Caliornin halibut Bak ray Crangen nigricauda
Pacific barring Pacific tomead Bamed suniperch Spotted cunk—esl Pacific pompens Heptacarpus cristatus
Surf sment Bay quby Jacksmek

Dry Years = 1981, 1665, 1887, und 1888
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Larvae

Gulf of Faraliones/

Central Bay
Winter/ . ® Spring
Adults | Post-larvae
Gulf of Farallones/ Central Bay/
Central Bay San Pablo Bay
@.,ro
0\,
'/ Summer
Immatures
San Pablo Bay/
Suisun Bay

Figure 4. Life cycle of Crangon franciscorum in the San Francisco Bay-Estuary.
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Table 6. Shrimp annual abundance indices used in correlations and other analysee. For 1989, the
May-October indices were estimated using the May-August indices and percentages from other low outflow
years.

Year || €. franciscorum | ¢. franciscorum | €. nigricauda | C. nigromaculata | Pajaemon Heptacarpus
immatures maturesw {May-October) {May-Octobar) {May-October) {(May-
{May-~October) Ammv|$WHPHw ~ October)}

1980 5523 649 1534 55 177 26

1981 2444 1399 413 11 212 12

= 1982 7579 519 501 49 88 4

1983 8584 3291 1317 525 21 17

1984 5253 6550 418 260 267 106

1985 510 1147 561 as 120 60

1986 5850 311 1696 246 136 88

1987 2856 2150 2285 257 76 193 |

1988 2265 876 3840 201 52 170

1989 2387 401 3441 525 173 667

1990 1985 574 5727 1289 128 572

1991 5485 1465 185 1344

.

*Previous year‘s year class.
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Figure 12. Average monthly sea surface temperature in the Gulf of the Farallones
(SE Farallone Island), 1980-91. The dashed line is the average monthly
temperature for the period 1925-91.



(A2

abeasae 9yl ‘T6-886T1 porIad ayj I0d °T66T PUR 066T UT SI94
seoTput 3SoubTy 9yl - {. a1qel pue »T ainbTd) L86T SJUTS
peseaIouTr sey Aeg Yjanos ur 2ouepunge dutays T1e303 aYL

*STenpTATPUT
IsbIe] Uy} JSyjzel E3E[NOEROIbIU ‘D pue EpneSTIbIUd "D

aanjenwy ‘IoTfews jo peosodwoo ses saead jua09I UT Iduepunqe
1IEeDTISUNU UT SSESIDUT oY} JO 3SOW 8snedaq ST STYL "MOTIINO
Ioqemysaal ubTy Yats saesi xoJ Xepur abexsse sy} ueyly SSIT
365 pue (g S[qelL) Saedi MOTIIN0 MOT I9YJO I0F XIput abeasae
ay3 ueys ssoT %0z Arejeurxoxdde sem (06-886T) 3ubnoap
plithel=B éqn putanp xepur sseworq duTays sbexase syy

*Xopur sSsewotdq Te303 8yl Jo jusuodwos JoUuTw e 8 PINOM
Endieoesdal 3eyl sTsATeue STU3l IOJ paunsse sem 3T ‘sotoods
TIeuS AT2AT3R[SX B ST 37 @sSnedsg °986T JI93je paansesw

qou ses saToads STY]} Sk SHAABORRUSH ACJ PoleTnoTed aIam
sauybTom oN TOBUEXS o3 orqeieduwos aq 03 WNIISOI IYF INOYITA

yabusT ® 03 palaI2AUCD Sem Yjbus Telo0])} UOWoeled Towoe | eq
pue TCBUEI) Jo sortoeds [Iv I0J posnh 2I24 SeTNUIOI SWes

ayl -dutays snolebTAO-uou 103 Isyzoue pue durIys snorabrac

I03J pesn sSem eTnuwioy suc (WMI0OSIoUEAF ‘D peAxasaad

Bursn Apn3s sTU3 Aq peATIap seTnhmiod aybram-yzbpusat Hbursn

pa3eInoTeo ses JYbTIam 3=M -saﬁxpu; aouepunge o3 IRTIWIS
Jouuew ® Ul paje[nolec axam duTIys JOF SIDTPUT SSemoTq

-UomoeTeqd Jo0 WNIooSIouexs °*J ueyl jusixa Isjeaab

® 03 Shdieoejden pue ‘Ejelnoewoapld °J 'gpueotdbtd "D FO
souepunge Aeg jo93Je Aeu SUOT3ITPUOD URIDO ssneoaq 3xed Ul ST
sTyL ‘aeak uaath Aue Huranp seroeds yoes JO X9puT souepunqge
ajeuwrxoxdde a8yl ST sTgejotrpaad 30U ST UM *a1qelotpexd st
aybnoxp e ﬁuyznp Keg syl uy satoads uSUT IR, @93} asayl JO
aouepﬁnqe ur osesIdul syl 'sat;ru;IES Jaqﬁtq Io3 aouaza;axdm
ateyl uo pased ‘(9 IdTgel pue ¢TI 2aInbTd) T66T PUe 0661

utr ATTeroedss ‘BRidIecejder pue ‘EFE(NOPWOIBTU °D 'epneotabru
-3 jo eouepunqe UT aSeaXout ue o3 Arraewrad anp ST STUL

*{L ®Tgqel) saeaX MOIIIN0 MOT ASYJO 9Y3 ueyl saeak jybnoap



€L

Table 7. Shrimp annual abundance indices by embayment, all species. Indices are for
January-December; the 1989-91 indices were estimated using the partial indices (January-August
for 1989 and February-October for 1990 and 1991) and percentages from 1987 and 1988.

£5 —

“ Year __ Scuth Bay Central unﬁl West Delta All
1980 = 3326 1951 1437 6862
1981 = 4137 567 3860 3415
1982 3540 1718 20 9182
1983 7676 8131 0 10932
1984 5626 5445 1424 7645
1985 1632 2343 1714 2108 =
1986 = 5734 4673 1017 7930
1987 __ 5761 8251 3270 6804
1988 = 7142 6122 5304 5789 =
1989 10044 10057 3738 6778
1990 14189 13383 4804 8689
1991 5.meum 18228 2265 95677
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Figure 13. Quarterly abundance indices for the five major species of shrimp in the
Bay, 1980-1991. Quarters begin in February (February-April, May-July,
August-October, November-January). There is no data for the third and
fourth quarters of 1989 and the fourth quarter of 1990 and 1991.
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Table 8. Shrimp annual biomaes indices by embayment, all species. Indices are for
January-December; the 1989-91 indices were estimated using the partial indices (January-August
for 1989 and February-October for 1990) and percentages from 1987 and 1988,

san_Pablo Bay | Suisun Bay | west Delta
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Quarterly abundance indices for the major species of shrimp in South Bay,
1980-1991. See Figure 13 for definition of quarters and data gaps. Note

that this type of plot is not appropriate for comparison of total shrimp
abundance between embayments.
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Figure 15. Quarterly abundance indices for the major species of shrimp in Central
Bay, 1980-1991. See Figure 13 for definition of quarters and data gaps.

Note that this type of plot is not appropriate for comparison of total
shrimp abundance between embayments.




6t

50,000

40,000 —
>
)
e
— 30,000
)
O
c
38)
2 20,000
=
L
<
10,000
0
Figure 16,

[] Heptacarpus

£ Palaemon

42 C. nigromaculata
C. nigricauda

Wl C. franciscorum

80 81 82 83 84 85 86 87 88 89 90 91

Year

Quarterly abundance indices for the major species of shrimp in San Pablo
Bay, 1980-1991, See Figure 13 for definition of gquarters and data gaps.
Note that this' type of plot is not appropriate for comparison of total
shrimp abundance between embayments.
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Figure 17. Quarterly abundance indices for the major species of shrimp in Suisun
Bay, 1980-1991. See Figure 13 for definition of guarters and data gaps.
Note that this type of plot is not appropriate for comparison of total
shrimp abundance between embayments.
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Quarterly abundance indices for the major species of shrimpl/in the West
Delta area, 1980-1991. See Figure 13 for definition of quarters and data

gaps. Note that this type of plot is not appropriate for comparison of
total shrimp abundance between embayments. _
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Longfin Smelt Winter
(Spirinchus thaleichthys)

ADULTS

(two years old)

Spawning
Delta
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JUVENILES Growth — Dispersal LARVAE
Delta to South Bay ¥ — Delta to Central Bay
Jon, 1992 Summer — Fall

Figure 19. Longfin Smelt Life Cycle.




Ly

'£86T XISTTTIK Pue Suaad3g) Aed 3yl ul JTI/US ur3ibuot Fo sbuex
ay3l Jo asou saldues AsAing IMW TTed UL feqg oosTouraiy uesg
103 souepundge 3ITOWS UTIFHUOT JO XIPUT I3BANDIOR JSOW 1sebuoT
ay3 seoptacad (AsAang IMH TTRd) Keaans Tmel] I93empTH TIed

sseg pedTils suweH pue YsTJd Jo jusuirzedaq BTUIOITIED SUL
aosuepungy jJo suIrsljed

- {y86T SoTIIsr) AIeniyss IDATY RTQUOTOD
9y3 UT punoa-Jeai (BUTLO3ITA BooUd) SIe@s Jogaey JO JI3TP
ayy Jo 3aed juejaodul ue WIOF FTIMWS urzbuor “-3TouUs urjbuot
uo Xaad sa;aads agom eyl AT9XIT sweas 3T ‘(0661 dsda1I)
8861 PuUe 086T usomisq Apnas Aeg o4ad sy3z Aq burrdues TaeIl
Jo9jemMpTU UT PITY] poayued pue IMeI} II3J0 Y3 UT PIFOITTO0
soTtoads ITe JO JUBRpUNR ISOW Y3 SISM JTIUWS utzbuot
qeyl butaspisuod *{L86T saqe;bossv xoyTem Kxaeq/-our
se9TI03RIOqE] OTIBUUTY) €861 JO aeak moTIano ybTy AT95WaIIX3
ay3 bBuranp ZAed oosTOouRII UBS YINOos WOII SSEq padrals jJo 3vIp
23 UT puncl OosTe IId2M JT3uWsS utrzbuoT * (9961 SUSA21S) BIT3A
ayy woa3 sseq padrals o Apnis JATSUSJUT 30U fausnbasqns
® UT puUnNoj jou a9IsM pue ‘s,096T LTIR® pue S,0S6T 93BT SU3
ut (L96T) sewoyl Aq eaae ZIUTIXEH oY} 0} ITRIAIS zautnbxe)
ayy woxy pailoerroo (STrilexes SUOA0W) sseq padrxis JO S39TP
putads pue I9jUTA 2Y3} Ul UOWWODUN I3 FTIUS urgybuo1 " (T66T
-Te 39 JjouwmE) STeUWeN SulIem pue SpaTq ‘sSIYSTJ Kxojepaad

Xq usjee e s3iTnpe pue saTTuaanl ‘seazey JIToWS utyhuo

*{e3ep “qndun "s3y SUTIARH
03qg)) KAitenuue spunod puesnoyl 0y pue 07 ussamlaq PaRTI®193
eaze Aeg ay3 UT pepuel yozeo (sorosds TTe) J(oUS 8yl '886T
pue 36T u2emlIad -JI[OUS utzbuot Burpnrout '‘satoads J[auUS
peTITIUSPTIUN Iaylo Y3IM puote Aeg oosTOURl] UES IeSU puR UT
A{Teroaemmod POISBAIRY 3 O3 SNUTIUCD JTWS Jans pue jTsuWS
AubTu yzod ‘paT3ITauend jou sea AI9YsTI STYI O3 UOTINQTIJUOD
arsus utibuor suL *(Z96T Isuutys) (SNSorzead BSNSoUOUAH)
a1ows jans pue (TYSIe3s *g) areuws AUYHTU poapnTOUT YoaTym
KzoystIy ,aTRqalTUM, 2Y3 FO aaed se ATTeR1OCISUWOD PIjxsSsAIRY
a3sn Aeg oosToueld ues UT JTSUS urybuor ‘ATTe0TIOISTH



8%

sA IMWH Apnas Aed I03 L66°0 = I IxXepur 3rous urzbuor Loaang

IMK TT®d 243 Y3iTA pajeraixoo Araaritsod sasm s3au yjoq

I03 S9OTPUT X0X ¥yl *{z xTpuaddy) 39U yoes I0F pejernoied

a19M sobe yjoq Io3F SsOTpul Atsarioedsaa ‘sporaad

buttdues Jéqoqoo—ﬂxenzqag pue Jaqojlog-Ael uodn paseq

aTaus utybuoy (SOTJINO) prO-aeai-suc pue (X0X) aesi-ayl-jo

-HunoX 103 pajeInolED 3I3M S8OTPUT Iouepunge Tenuuy (L8671

5Jaao) sassels Jeak ojur yojeo jTsus uribuoTl Apnis Aeg a3
saeaedos 03 pesn sem vijep Aocuanbaxl yzbual jo sTSATRUY

* (IMK)
Mexl xanénp;m pue (10) ImMeIl I3330 SUY3 IO UT pajos’TToo
axom jTouws uiybuol (1 =2anDBTJ) SISATY urinbror ueg pue
ocjusmeIoes 29yl Jo suoTizod IomoT SY3 ojut Aeg oosTouerIy ues
AnoyHnoIYy SUCTILOOT WOIF S93eIOIABAUT puUR YSTF SJO9TT00
Kpnag Aeg oyl -3jussaad oyl 03 SINUTIUOD puw 086T UT
purtdues uebHaq (Apnas Aeg) Apnis Aeg oostoueldy ues/morIjzno
3190 S,9ues pue yYstJd Jo Juswmixedaqg eTUIOITTeD SYL

*pPepIODaI X9pul SoMOT IYY YITA T66T UT HUTpUD STOAST MOT _
Axaa e paurtewal Sey Iouepunge 3TowWs UTIHuUOT sxesk Jybnoap
aAT3 3sed oyl utr 38k ‘pIioosa Jo poraad BITIUS BYJ ISA0
JUIDPTAZ SeMm puall [eax oN *(zZ xtpuaddy ‘oz aanbrg) aeal
03 Ieak wox3z KA19pta pojenionig uotjernded 8yl eyl psmoys
xXspui souevpunde 3(aus urbuor Lsaans IMH TTed SYL

*3Tows uTybuol JO yYojed ITeF Ayl

ut @3eurmopsid aesl-syjz-Jo-Hunci saxeveX 3som Hurang -sassSeId
Ieak om3 3seeT je sjudssadsea aesd yoRd WOIF XIpur ayl

0s ‘sasseTd Iesai ojur psiexedes jou axom Al3AIns STY) wWoxJ
37ous UurFhuor oL °*(€86T ISTTTH PUR SUSA3S) IBATYH urnbeop
ueg 9yl U0 uolXoo3ls 30 JI0d SY) 03 PUR JIIATY ojusueIdes ayil
uo qﬁﬁots aﬁoea Ataqem;idiaae 03 wesajzsdn pue Keauétdeé”ueé
anoybnoIy] SUOTIEDO0T 3B Jo9quaoed jsee] e uybnoayy zaqmeldss
woxy ooeTd soyey Hurrdues °*6L6T PUe ¥L6T JO suorideooxs

8y Y3ATA ‘quasaxd syl 03 ATTenuue pajionpuod usaq sey pue
L96T 3O TTE3 ®Y3 UT pe3leTiTUT sem Kaaans sTUL - (L86T 93D



34

100,000

% 80,000
L¢b)
O 4
c
o 60,000 -
O
- 4
O
T 40,000
C
- -
O
< 20,000 3 3
5 &
: :
ﬁv _
67 69 71 73 75 77 79 81 83 85 87 89 91
Year _
Figure 20. = Longfin smelt annual abundance in CDFG Striped Bass Fall Midwater Trawl

Survey sampling from 1967 to 1991. No sampling was done during 1974 or
1979.
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