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Commentr on the Status of the Sncramcnto SpIittail 

Inhabiting the SacramentoSsn Joaquin Bay-Delta 

The U.S. Fish and Ibildlifc Service (USPWS) has compilcd and evaluated available 

scientific information-regarding the Sacramento splittail population inhabiting the 

Sacrament-San ~oabuin Bay-Delta system, Based upon results of these analyses USFWS 

has concluded that fho Sacr~mento splittail population ha, declined by approxhatdy 62% 

sinm 1984 and has ahwefore proposed to list Sacramento splittail as a thrccrtenod species 

(Federal Registes 5?(4):862-868, dated Januaty 6,1994). Thc scientific data available to 

aeeesa long-term trends in Sscramento splittail abundance are primdy fiom surveys 

pbormed by the &fond. Dcputmcnt of Fish a d  Game (CDFandG), USFWS, 
4- 

Unlvcfoity of California at ~ & s ,  and flsh ratvase at the State and Federal (SWP and 

CVP) water ~rojeqtr. Mmy of these fishery mwey programs wmo origimly designed to 

collect data on striped bur (CDFmdG summa tow net and fill mid-wam tnwl 

IWO~I) and juvcniie chinook h o n  (USFWS) Chippe Wmd and Sacramauo River dd- 
i 

water trawlin8 and beach seining swveys with Sacramento splittail collected 

incident* as partiof these w e y s .  

I 
No lon8-term fish4er monitoring program hu been designed or conducted (o.g., 

wlc~tion of urnp& areas, aamplins g w  and collectSon methods, and eeasonal sampling) 
1 

spkiflcally to d l & t  i n f o ~ o n  on the population abundance or dy~mlcs of Sauamento 
: 

splittail. The data (hat have been collected on Sacramento spli ttail. howtva, have shown 

n stron~ wmeluioi between indices of abundance for juvenile splittail and bhwater 
I 

oulDow &om the *lta as d'isscd below. The flrherict survey r&tr also show D 
I 

substantial decline juvcnilt splittail abundance indices during the late 1980's and early P 
1990's which is not surprising given the juvenile abundance-outflow relationship and the 

1 

extended drought &mditions (and substantially reduced freshwater outflow) occurring 

during the late I 9 8 p 6  und early 1990'~. 
. I 



I 

In evaluating the scientific basis for the proposed listing of Sacramento splittail as a 

threatened species, :howavtr, considenstion ntedr to not only bc givm to observed recent 

declines in indices {fjuvenila abundance, but more importantly the population status of 

reproductively ma t~rc  Sacramento splittail. It is the abundance and reproductive capacity 

of the adult population that determiner the rtsiliency of tho population in avoiding the 

thrcat of bmming !an endangered ipecics. In the absence of a strong stock-recruitment 

relationship, partichlarly for a long-lived species such as Sacramento splittail, an observed 

decline in juvenile indices of abundance cannot be used as dimt  evidence that a 

corresponding declhe in the abundance of reproductivcty mature adult Sacramento 

splittail hnr also oqarred or that tho abundance of reproducing adults has declined to a 

population levd whore they are threatened. Evaluation of the population status for 

Sacramento splittai), within context of the proposed listing as a threatened species, 
I 

-.? 

rquirer consideration of scientific data and analyses for both juvenile and adult Ilfestages. 

Lilt History Chadactcristiw 
1 

Sacramento g l i t t a  are a relatively laqo (adult length exceeds 300 mm; I2 inches) native 

cyprhkf ~ubiting/tho Bay-Delta system. Splittail are repond to five five to wen years 

with a relativcfy hi@ reproductive capacity (hndity up to 100,000 eggs per female). 

Splittail h o m e  reproductively matwe at age two, although some portion of the male 

population may be@ spawning at age one. The geographic distribution of Sacramcnto 

splittail iucludcs thb Sacramento River and its tributaries (8.g., Feather and American 

fivers), the lower $an Joaquin River and its tributaries, the Ddt4 Sdsun Bay. Suisun 

M.nh tho ~ a p a  &vw, and tho Pctaluma River. Since splittail typkally inhabit lower 

salinity a r w  their ;geographic distribution may vary seasonally and among years in 

response to variation in freshwater outflow and corresponding salMty conditions. 

Although 6pUttail may occur throughout the water column, larger juveniles and sdulte arc 

primarily =pibenthic foragers inhabiting the lower podon of the water column. Both 

juvenilc and adult splittail frequcnt shallow inshore waters, particularly within Suisun Bay, 



howaver the rclative distribution between inshore areas and deeper channel habitats irr 

largely unknown. 

Juvenile and ~ d u h  Populntion Abundance and Dynamics 

Although the California Department of Pish and Game and others have conducted 

extensive fhharios monitofing programs within the Sacramento - San Joaquin Delta and 

Sm Francisco Bay SJntern over an extended M o d  of Qne, no quantitative estimae of 

population abundak for S m e n t o  cpIittail h a  b c a  derived. The actual number of 

jwde and adult Sacramento splittail inhabiting the ~ t t ~ - ~ e l t n  system. and changes in 

population abunda@ce from one year to the next are unknown. 

Very little informa(ion is available on the population dynamics of S m e n t o  splittail 

inctudiig populatidn ago stru~turq varSatlon in growth and survival rates among years or 

for various gwgra~hic arcas within their disrributlon range, die1 movement and behavioral 

patterns, or behavibral response and physiological tolerance to various environmental 

fhctm inchdin8 ssfinity and water temperature. In addition, the significance of various 

sou- ofina&trl mortality ud sublethal effects such as thoso associated 4 t h  

entrainment losses at the State and Federal water praject diversions and other agricultural, 

industrial, and municipal diversions, expoeure to toxicants and pollutants, and'competition 

and predation on *e population dynamics and abundance of splittail cannot be quantified 

using currently av@lable information. As discussed below, information is avdlable on 

changes ir\: abundance indices and the correlation with ficshwater outflow during 
1 

the ~pring thought to be rolattd to htabltat availability and mndition&jthln Suisun Bay 

and larval and juv&lo disporaal. 



Fishery ~ o n l t o r l n ~  Data 

Results of various fishedes monitoring programs including the CDFandG San Francisco 

Bay studies, CDFedG summer tow net su~veys,  CDFandO MI mid-water trawl surveys, 

USPWS mid-water: trawling and beach eelno swuays, Suisun Marsh fishedea monitoring, 

and f i~h  salvage 4nitoring at tho Stat. and Federal (SWP and CVP) diversion facilities 

provide && lnfbnnation whlch can be used in urwsing g c d  trcnds in the 

d i i i o n  and &dance of splittail. Reauhs of  them surv6ys. bowtvtr, am wbjcct to a 

number of constrahts and lidtaliom. Although results of these surveys provido a relative 

Wex for USO in monitoring spdw status and trends, results of these rmrveys cannot be 

used to quantitativ$ly users actual population abundance. 

&. 

~ o v a m ~  oftbe a ~ l @ r  long-term ~ h e r * s  monitoriq d.twts, such u those f i ~ ~ u i a u ,  

MMb and the st& and Federal water pro)e& fish d v a p  o p d o n s ,  represent smpliq 

4 t h  only a limit& portion ?f tho rplittd 800grapMo distribution. Vdation in the 

population g808ra@1ia distn'budon among oeaoonn and years in response to environmental 

mndittons i n f l u 4  resulte of these dte-~~edflc s u ~ e y a  in providing a reliable baais for 

assessiw trends in: the Bay-Delta splittail populatton. 

Other fisheries su&eYs arc also subject to Iimit~tiW and constraints resulting b m  the 

collection method4 and smplng gear ulod in these mnrrys. For example. results of 

rummer tow net abd fall mid-water trawl surveys reflect sampllng within the mid- and 
1 

upper portion of *a water column and may not effectively collect Sacramento splittail 

which. au larger ju!venilu and adults, predominantly b b i t  the lower portion of the water 

column. The ictuh ~bundancc of ~plituil m y  be substantially und&etimated by these 

collection tachniqbes. In addition, many of the routine flsherics collections are pwFormed 

during the daytimi when Sacramento splittail may bc closer to the bottom and not 

cffectivdy sampl& by mid-w8ter or artfbce trawling tschnipucr. Because of their 

relatively large &+ sub-adult and adult spli id may bo able to effdve1y avoid caphue in 

tow& not. and trawls (gear avoidance). The abiiity to sample rhallow in-shore areas 



which may bo used extensively by juvenile and adult Sacramento splittail is lidted by (1) 

numerow snags t h t  make routine trawling in shallow inshore waters difficult, and (2) the 

limited availability of suitable shoreline to allow for beach seining and other inshore 

collection techniques throughout much of the Bay-Delta system. As a consequence of 

these and other sanipl@ issues, results of available fisheries monitoring programs can be 
, 

used to only povide a dative Index of population abundance for comparison of trends 

among years. Sampling d&ty and gear efffciency has the potential o f  substamialIy 

underestimating the abundance and distribution of  lager sub-adult and adult splittail whish 

are not &&ely &llected by conventional trawI'mg mmy method,. 

I 

Sampling  hallow $shore habitat, .nd sampling at night using collection t sho ique~  maoh 

sl gill ma, which br dzed to effectively ~ l k c t  sub-adult and adult splittail whioh may 
&'* 

o t h d s a  avoM cohvcntional trawls, has not been used as part of routine fisheries surveys 

in the Bay-Delta ystem The use of  gill nets has been limited, in large part, beoause of 

high mortality to &ost I . all fish apcoicr collected using chi6 tcchnigue. Alternative 

collection tcsbni&u such u the use of dectrofishing on a routine basil has also bwn 

lirnhed within the i a y - ~ e l t a  system u a consequence of variable sal'ity conditions which 

af6sd thc e f f e c t i v b s  of dectrofishing, water depth, Ngh turbidity, and cumtr  which 

furthdr confound &tctrofirhins surveys mull in^ in voy qualitative data on 8pcdor 

cornpodtion and abundance. 

Rtlrtive lrrdlcea Of Abundance 

Indim QL Juve n Ha S a l i l r s f l ~  
I 

Indice8 ofjuvenili rplittaU abundance are relatively consistent in showing reduced catches. 

panlcularly duriJ tho mid- to lato-1980'r and early 1990's. The reduction in juvcnil~ 

splitdl indices is  bpparent over a wide geogmphic range encompassed by various fiehwies 



monitoring surveys. Results of the San Francisco Bay studies (Figure I), Chipps Island 

trawl in^ (Figure 2); and Suisun Marsh studies (Figure 3 j all show a pattern of declining 

juvenile abundance.: Pall mid-water trawl surveys (mure 4) and results of SWP and CVP 

flsh salvage (~'Iguri I) alao Bow a pattern of declining hdlas. 

Resulta of fill mid-*ater trawl suweys also provide fnfomtion on the proportion of tho 

Sacramento cplittd index contributed by oolledlolu within the Delta and ftom Suisun Bay 
! 

(Figure 6). Resultd of these surveys hava shown that, in most years, collections within 

Suisun Bay providi the major contribution to the fdl indez of abund-. Tho proportion 

of the fhll mdcx fi6m Suisun Bay is not correlated, however, to freshwates outflow during 

the p d o w  Febmpy-May pcdod (pj8ure 7). 

Indices ofjuvudlc ~plittlil abundance 501n various fisheries modto* program, have 

shown r statistic& sSgnlRcant positive correlation with the magnitude dfi-eshwater 

outflow duria8 the: late winter and spring (Pebmq-May; Figure 8; Men8 1993). It has 

been mtheaized:that increasing freshwater outflow during the late winter and spring 

cotntibutos to (1) increase in the transport and dispersal of larva? and juvenile splittail 

downstream into duisun Bay where susceptibility to entrainment losses at diersions 

within the ~ e h a  ldreduced, &d (2) an increase in the availability of suitable juvails 

rearing habitat wit)rin Sdsun Bay. Increased fieshwatcr outflow also contnites to 

flooding and inundation of shoreline riparian vegetation thought to be used as spawning 

habitat by splittail $hereby increasing reproductive success and subsequently juvenile 

a b u n h .  ! 

Based. on the &wly strong coriedation between indices ofjuvcnil~ splittail abundance 

a d  outflow, the decline in juvdle  abundance o b m e d  in a number of studies within tho 
# J 

Bay-Delta tystaj(Figures 1 to 5) is not unexpected @en the period of tht prolonged 

low-outflow conditions resulting from the extended drou&t during the late 1980'8 and 

early 1990's. Thq primmy lssuo (hen is not whether juvenile abundance has declined in 

r-t yws, but hther ( I )  does the adult splittail populatfon havo the reproductive 



t 
, 

capacity to recover land produce strong yearclasses when higher outflow conditions occur, 
I 

and (2) L r  the sduh population abundance declined to a level whae tho Sacramto 

~plittril population 1s bdng thrcatend with becoming adnngytd. 
I 

Although tho avallrible surveys have ehown a decline in juvenile production In recent years 

a signifloant questibns exlsts as to whctha or not tho adult Sacramento splittail population 

has experienced a similar decline. With respect to evaluation of tho popuhtion status of 

Sacramento splittdl, within  ont text of the Endangered Specie. Act. one of the principal 

imesi to be adddsed is whether or not the adult reproductive population of spfiail has 

declined to r level h e r e  there exins a si~niflant likelihood that the spedu d l  become --a 

cadangered or extinct within tho foreswablo &urn throughout dl or e significant portion 

of iu mp. AS di6cussed above, howova, many of the ampling p r o m s  and 

tohlquea wMch 4avc been u t k d  wlthh the Bay-Dcltn system on a routine bash may 

a~bstantially undeiestimnte tho abundance and status of the adult splittail population. 

Tba ttead in adult !splittall abundance tfom surveys perfonncd as part of the San Francisco 

Bay studies (Flgu$ 1) show that adult indice8 have bssn variable among years with the 
I 

highat levels during the aurvey pcMd occurring during t b  early and mld-1980's. Adult 

abundanc6.indi~&om these surveys have s h o y  that adult splittail indices have not 

declined to the swhe degrw as observed for juveniles. The San Francism Bay studies use 

an otter tnwl to h p l e  fish populations near tho bottom and examination of  length- 
I \ 

fhquewy data q ~ r u  9) fi-om thtm rulveys chow that they sampl$both juvenile and 

,adult splittail. Indices of adult abundance from the San Francisco Bay wrvcys do not, 

however, encompp the entire geographic distribution of the adult eplittail population. 
i , 

Since adult splittdjl art relatively long-lived (approximately 5-7 years) and have high 

fecundity, annual hctuations in adult abundance are substantially reduced and stabilized 



I 

despite reduced juv:*lc produotion of one or more y a n  (rg., Pi~ure  1). In tho absence 

of a Asherior sampling program which afiectively monitors the population abundance of 

both adult and juvy l e  splinsil seasonally throughout tho geopphie rango of the 

population tho necessary scientific datn for determining the stock-recruitment rcjationship 

fbr splittail are unavailable. In the absence of a signifloant stock mcruitment relationship, 

the relationship be$veen annual indice8 of juvenile production and corresponding changes 

in either the .go sthcturq abundance, or reproductlvo capacity of the ~duh population of 

S a c t w t o  splittdl remains unknown. 

There exists consi<lerable uncertainty regding the ability of many of the routine fisheries 

surveys to effectively sample sub-adult and adult spllttdl and whether trends in adult 

Ibundmoe d a i v ~ f k o r n  t h e  arweyl i re  rspresentiitiw of actual population conditions. 

For examplo, resulte of a series of reco~aissance level fisheries collections performed 

within the lower h e r l c a n  Rivet by Hanson Environmental, Ino., Beak Consultants, and 

the California ~cpbrtmcnt of Fish and Game, (Lower Amaim River Fishsy and Aquatic 

Resource ~nyes t i~~ ions :  Renrlts of Phase 1 Studies and Recornmcndations for Phase II 

Inve&gations, S+tcrnbar 1991) showed that in a fimitcd series of gill net collections (May 

21, 1991) perfonn:ed during nighttime, adult Sacramento splittail (193-345 mm: mean 
I 

1- 239 mm) w e  the second-most abundant flsh rpcdes~ collected In contrast, no 

Sacramento splitt$l were wlleoted in the eame area usin8 beach seines during the daylime 

md splittail reprdented approximately 1% of the fish ooBe.cted in electrofirhing surveys. 

. Resub of these Gploratory suweys, although not providing quantitative i n f o d o n  on 

splittdl, demonsvate the potential for substantially underestimating adult splittail 

abundanca and @graphic distribution as a consequence of gear avoidance and low 

mlllsbioa cWcicqy of v~rious fisbaiea runpline methods. 

In a ~eries of fishcries inve-stigations conducted within Suisun Bay between July 1991 and 

Jum 1992 (PG&lj 1992: Contra Costa and Pittsburg Power Plants Thermal Effects 

Assessment, 19911-1992 submitted to tho Central Vally a d  San Frandwo Regional 

Water Quality Cohtrol Boards and performed in cooperation with representatives of the 

P P L ~ A M . B ~ ~ I I I W  8 



Califomla Department of Fuh and Game, National W n e  Fisheries Service, and U.S. Fish 

and Wild- Servics) Sacramento splittail were the second-most abundant fish species 

collected (12%). Sacramento splittnil were most commonly collected in bottom trawls, 

gill ncta, md beach pines which is consistent with thoir general distribution in the tower 

portion of tho ruatci col& and within inhere habitats. In contrast, vary few Sacnmmto 

splittail ware colleded in either surface tralwls or eke nets. Sacramento splittail were the 
I 

fifth-ma& abundant.sptcier collected during Asherierr surveys in the lower San Jaaquin 

River in (he vicinity:of ~ntioch (PGBB 1992). Results of thew surveys, dthough not 

providing quantitatfe information to compare splittall abundance among years are 

consistent in the significmce dcollection methods and locrtfons on the resulting 
numb- ofjwtni1e;and addt Sacramento splittail coll~ctad (and on resulting indices of 

abundance for both$weniles and adults). 
I 

Shnllar Maaim &lies were conducted by PG&E witNn both S u b  Bay aad tho l o w  

San Joaquin r i v p  during the perlod- fiom August 1978 through July 1979 (gill nets, 

bottom trawls, bcadh seines, otc.) and July 1991 through June 1992. Results of these two 

d c s  of M a  ~ w t y s ,  based on the puccnta~e of Samento splittall within tho 

compwha catchee, B U F ~ ~  below: 
I 

i 

Sacramento Splittail 
1978-7p0) 1991-92a 

Percent Percent 
3 f u ~ m k h  Rnnk Cornnosition 

Suisun Bay 14 2 12 2 

Lower San Joaquini 
Rivm 3 6 

(')Souroc: ~cologlcal Analysts 1981 a and b 



! 
The percentage composition of the Asheries community represented by splittail during 

; 
surveys conducted In 1978-79 and 1991-92, was similar. The similarity in the percent 

cornpodtion of the hrhuiss community sampled in the survey dou not, provide 

infbnn~tion on the $solute abundance of Samuncnto splittail between the two sweys,  

but does indicate dt hrthcr m m y ~  and investigations, particvluly on the statur of 

splittail within shrllkw inshore W ~ W I  and for the adult population, which may not be 

effectively sampled j u d n ~  routine trawling methods, Is warranted before an accurate 

assessment of tho pbtential changcs in tho population abundance and contribution of the 

eplittail population io the Bay-Deha fisheries community can be completed. 

Based upon a tevi* of the available tcIentifIc information on the status of the Sacramento 

uplittail population it has been concluded that: 

~ a t a  from a v i e v  of  fisheries mnreya we maistent in & o w  a sub~~tantbl decline 

in indicer of ab$danca @rtmarily juventles) during the late 1980's and early 1990's; 

A strong condition exists between indices ofjuvenile splittail abundance and 

freshwater outabw durine the late wintbr ud spring (February-May) which accounts, 

in part, for the observed declina in juvenile production during the recent period of 
extended drought; 

A strong stock-kruitment relationship has not been established and therefore Ihe 

rdnionship bet$reen the observed decline in annual indicm of juvenile production and 

the abundance, ige structure, reproductive capnclty, and population dynamics for the 

adult splittail p d ~ a t i o n  ia unknown; 



The majority of song-tcnn fisheries monitoring programs conducted within the Bay- 

Delta have histo&ally collected relrtlvely few S~~cramento splittail and results of many 

survsy~ do not cffcctively sample the adult aplitt.1 population (primarily because of the 

locations and depth within the watn column ~ampled and gear avoidance by larger a h )  

oyer the geogradhic dirtribution of tho population; 

The available sciinfific data have been used for determining trends in indices of 

~pIittaU abundance, but do not provide a rufsdent  bad^ for orhating 

population ahdance for dthu jwenils or adult spliW, 
I 

Although indice4 ofjwenfle abundance have declined the available scientific data are 

insufRcitnt for dktermining whether or not the reproductive population of adult splittail 
.ar 

has declined to  i level where the population is threatened with becornin8 endangered or 

extinct throughdut all or a siSniftcant portion of its mnge. 
! .  

! 

1 

Based upon these c~nclusions it is recommcndcd that current fisheries monitorin* 

programs be mdifipd or a new 8urvey program initiated which is rpecifically designed to 

proddo quantitativ= infomution on geographic drtribution,'abundance, age structure. md 

population dynamics (ag., influence of varioua environmental factors on growth and 

survivd, significanch of incremental mon$ity such u thit assodated with entrainment 

l oem on populatioh abundance, stock-recruitment relationships, and behavioral and 

phydolo&cal respobe of wuiow llfcstnges to enviromontal factors and conditions). The 
! 

survey program shhld be designed to provide sptcinc Mbnnation on the seasonal and 

geographic distrib~$ion of spawn in^, the dgniflcance of inundated vigetation and ihallow- 

water habitat a8 spawning sites, egg incubation and 1-1 ddcvolpmmt, and juvenile 

readn8. The survey should dso ovalunto the eff&s of such environmental fletors os 

&eshwater flow wiihin various areas of tho Bay-Delta system in influencing habitat 

availamity and ruit!&ility, transport, and d i s p n d  of early Wstages. Tho survey program 

should provide Information on the geographic distniution, abundance, and importance of 



various habitat areaion growth and survival of sub-adult and adult Sacramento splittail. 

The data fiorn these kurveys will provide the necepsary basis for evduating Sacramento 

splittail population status and evaluating the effectivene& of various alternative protective 

measurn for irnpro+ng conditions for iplittiil. 
! 
I 
I 

; 
Lltcratura Cited 

! 

EcoLogical Analysts; Ino. (EA). 1 981 a. Piitsburg Power Plant Units 1-7 Eshaies Survey. 
Prepared fo~Pacifio Gas & E l d c  Company, EA, Concord, Calif 

! 

Ecolo@cal Analysts,; Inc. @A). 1981b. Contra Costa P o w  Plant Fished63 Survey. 
Prepared forPacific Gas & Eleztric Company. EA, Concord, CdK 

m n  EnvironrnCll:'tal,  no. B ~ L  ~onsu~tmts, mi m o m i a  ~ ~ p w t m n t  offish and 
Oarneb 1991.. Lower American River Fishery and Aquatia Resource 
Invtstigatioris: Results of Phase I Studies and Rucommendatlona for Phase 11 
Investigatioh. Report prepared for the American River Technical Advbry 
Committee. ;september 1991. 

! 

Meng L 1993. ~ $ t u s  Report on S ~ c m t o  SpUttail and Lon& Srndt. Prepared for 
U.S. Fish snd Wlldlifc S d o a  WldUfe aad Fisheries Biology, University of 
Cnliforniq Diavis. August 1993. Dr& Report. 

! 

Pcoiflo Gaa & Wade Company (PG8B). 1992. Conm Cbm and Pittsburg Power 
PIants Thermal Effbcts Assessment, 1991-1992. Prepared for the Central Valley 
and San ~ra$cisco Bay Regional Water Quality Control Boards. December 1992. 



Mgurc 1. Indicp of juvenile and adult Sacrarncnto nplittail abundance from the 
CDPnndG San Fmncbco Bay fisheries rtudies, 1980-1992 (Source: 
~ t n g  1993). 

[o- m y *  I 

Figure 2. Indices of juvenile rad adult Sacramento rpllttall abundance in 
USFlWS Chipps Island trawl surveys, 1976-1991 (Source: Meng 
1993). 



Figure 3. Indiber of juvenile and adult Sacramento splittail abundance in 
Suh/ln Marah ttudiu performed by the University of California, 
Daqs, 1979-1992 (Source: Mmg 1993). 

! 
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O f  SAMPLED 



ygure 5. ~uvbnile Sacramento splittail rtalvrgc per acre foot diverted at the 
Strft and Federal (SWP and CVP) flsh salvage facilities, 1980-1993. 
(Sotrcc: ~ e n ' g  1993). 
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"Sac@mento Splittail Abundance index 

Figure 6. 

YEAR 

i 
~ohtribution of Sacramento spliilail collcctcd within Suisun Bay 
and the Ddta to the annual CDFandC fall mid-water trawl 
abundance Index (Source: CDFandG unpublished data). 

I 



Sacmento Splittail Abundance Index 
i Fall. Mldwater Trawl 
i 

Pigun 7. ~orr&tlon between the proportlon of tho fall mid-watcr trawl 
indei from Suirun Bay and freshwater outflow during the previour 
~ c b & y - ~ n ~  (Source: WFandG fall mld-wnter trawl lndn and 
DW? dryflow). 



ab Conqhtloa bmtwu Ik QIPa.W ht# ~ c b w r t d ~ n r l  
of Spllttail abu~bace and itubwater outflow bchvcrn Fcbruav 
and May (Sower CDPandG hll mld-water trawl abundance 
lndleu and DWR daynew), 
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Fignrc 9. Length-frequency distribution for Sllcramento splittail collected 
in CDFandG Bay Studies (Source: CDFandG unpobl data). 


