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ABSTRACT 

A multiplo ragrousion mudel is descrlbod that predlcts fall-run chinook 

salmon smolt survival through tho Sacramento River Delta between Sacramc?to 

n n d  Chipps Island ( n e a r  Pittsburg, CA). The model uvos vater temperature at 

Freeport, CA, the Er~ction of vater diverted from the Sacramento River at 

Walnut Grove, CA, and total exports of the State Water and Central Valley 

Projects in the south delta. Each of these three factors is negatively 

related to smo;: survival. Survival indices were based on coded wire tagged 

(CG) snolts released at several delta sites and subsequently recovered at 

Chipps Tslaad. CkT snolts vere released under various envirorn.enta1 

conditions. Correlation and regression analyses vere used to choose those 

factors t5at explained a significant part (p-0.95) of the variation in smolt 

mortality. The mode? predicts the survival of snolts migrating from 

Sacramento to Chipps island via the Sacramento River, and through the cantral 

delta via the Mokelu?e and lover San Joaquin River systems. The greatest 

mortality was cbseried for ssolts diverted into the central delta, indicating 

:hat keepicg szolts out of that region would be highly beneficial to salmon 

srcdnctign. Sizu1a:iors of survival undervarying tenperature, fractions 

6iV<erted an' ex;or:s are provided to quantify the bezfici of a1:ernative 

salmon pro:ectiVe measures. 



A Nodal for Ilathatlng Hortallty and Surrl.~al of 

Fall-Run Chlnook Salmon Sololta in tha Sacrunento 

Rlvar Delta between Sacramento and Chippe Ialand 

by M. Kjelson, S. Greene and P. Brandes 

INTRODUCTION 

During Phase I of the California State Water Resources Control Board 

(CSWRCB) BayIDelta Proceedings of 1987, the United States Fish and Wildlife 

Service (USFWS) presented testimony which described the relationships between 

survival of salmon smolts and streamflow, diversions and water temperature as 

smolts migrate downstre& from Sacramento to Chipps Island (Figura 1). The 

relationship between survival and flow was used to represent the response of 

smolts to changes in flow, water temperature and diversion. 

The U S W S  noted that they had been unable to separate the independent 

effects of these three factors, but noted that smolt survival increased vith 

increased river flows, decreases in the fraction diverted off the Sacramento 

River at Walnut Grove, and'decreased water temperatures 

The inability to separate the effects of these physical factors was due 

to the fact that experimental coded wire tagged (CWT)  smolts had most 

frequently been released at high water temperatures, high diversion fractions 

and low'flows, or at lov water temperatures, low diversion fractions and hiah 

flows. These tv? s e t s  of conditions reflect how the State Va:er Project ( S ; I P j  

and Central V a l l e y  Project (CVP) have operated in recent years, and the fact 
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that water tamparaturae naturally incraaae ea flowa dacreare a8 thr 1prin8 

progreeaaa. Survival was not measured when both flowa and tamp.rrturer Vera 

low, when lowar tamparatur.r could have incr.aaed survival. The above 

condirions resulted in the three physical factors being intarcorrc atad 

(termed colinaarity). Hence, as noted in our 1987 teetimony, Survival may 

have been underestimated during cooler, lov flow periods using tho 

f1ow:survival relationship. 

During the spring of 1988 and 1989, management of the delta and upstream 

reservoir system alloved us to estimate the effects of the three factors 

independently. In these years CVT snolts were released in early May at 

relatively low flovs and low temperatures and in June at lov flovs and higher 

temperatures. Diversion fractions vere both high and lov during both the Kay 

and June releases in 1988. These additional data enabled us to better 
* .. . 

separate the effects of flov, diversion and rater temperature, and to develop 

a model that quantifies the smolt survival response to changes in several 

environmental parameters in the Sacramento River Delta. 

The data rfsed to develop the model has soma limitations. (1) Survival 

measurements vere not made over a broad range of conditions, (2) sample 

variability or potential error is present in both .ample and enviro~unental 

measurements, ( 3 )  some colinearity remains betveen factors, (4) there is a 

lack of survival measurements for specific reaches f n t h e  delta. 

We have developed a multiple regression model t h t  relies on the use of 

those environmental variables that account for a statistically aignificant 

fraction.of the variation in survival. The model is consemative in that the 

environmental variables chosen vere individually 8i#niZlcant in each equation 

at the 9 5 1  level, and each regression equation was ai8nificant at 95%. Thia 



approach, along vlth tha data llrnltatlons darcribed, may have pravanted ua 

from incluJlng certain factors A t  t h l s  t l m s  in the model that influence smolt 

aurvlval. Further analysis with rddltional data may allov u. to improve the 

model in the future. 

Our goal was to develop a model Lhnk explains r large degree of the 

variation in chserved survival, that uses factors which arc statistically 

significant in the equation, and appears ecologically sound. Thr model will 

be used to help quantify the benefits of varied salmon protective neasures in 

the Sacramento River portion of the delta. 

The pLrpose of this report is to summarize the methods used to develop 

the smolt survival model, describe the model, present model simulations that 

help quantify the relative benefits of decreased water temperature and varied 

operational neasures. 

This.report reflects efforts and reviev comments by members, staff and 

consultants ct the Delta Salmon Team under the Five Agency Salmon Uanagement 

Group. The live Agency Group was established to evaluate relative benefits 

and costs C E  both operational and structural protective measures to improve 

salmon prodr:tion in the Central Valley and Bay/Delta Estuary. Irimary 

support an.' guidance is through the FisheriesiWater Quality Cornittee of the 

Interagency Ecoiogical Stcdy Progran. 



Wr would likr to thank Dava Drttman, who initiated this modrling affort 

and developed the first version; and Steve Crnmar, vho revlevad the model and 

suggested important physical restructuring of the model. We are grateful to 

Randy Brown, Pat Coulston, Chuck Hanson, Don Kelley, Vim Kimerer, William 

Mitchell, and Don Stevens for reviewing the model and offeriag important 

criticism and advise. Appreciation is also axtended to the SW and CVP 

operations staffs for their assistance in helping provide experimental 

hydraulic conditions, to the many field personnel that assisted in tagging, 

sampling and CUT reading, and to the personnel at Feather River Hatchery for 

providing smolts for our studies. 

Sources of Szaolt Survival and Mortality Indices 

Survival indices were based entirely on trawl recoveries at Chipps 

Island from the years 1978 through 1989 (USNS, 1987:. All indices were 

adjusted by dividing by 1.8 to bring those indices greater than 1 into the 

range of 0 to I, iz order to maintain biologically meaningful survival rates. 

This adjustment procedure assumes consistent, not skewed, error in the raw 

survival rates. To support the adjustment an examination of the frequency 

distribution plot of the survival indices indicated an approximately normal 

distribution with a median near 1.0 and a maximun near 1.8. Adjusted 

n,~rvivall were converted to adjusted mortalities by subtracting from 1.0. 



Sources of Lnvlronmrntal and Physical Data 

Flow nstlmates, delta export8 for tha SUP and CVP rerm obtained from tha 

California Department of Water Rerourcaa (CDUR) - Central District DAYFLOW 
model. Tctoperaturs data were obtained from the United States Geological 

Su~voy (USGS) or CDWR continuous recorders, and CDFG and USWS grab-samples 

taken at t h e  time of CWT releases. Fish sizes, defined as the number smolts 

per pounJ smolts (smaller values indicate a larger mean size of individual 

smolts), were obtained from CDFG and USFWS hatchery truck planting receipts. 

Tide phase at Martinez was estimated using a USGS tide predictor program, 

modified by CCWX, and National Oceanographic and Atmospheric Administration 

(NOAA) records. The effect of tide velocity at Walnut Grove was estimated by 

lagging the tide phase at Martinez three hours. The tide velocity effect was 

assigned a value between 1 (estimated strongest ebb) to 8 (estimrtad strongest 

flood) to facilitate regression analysis. 

Estizatin~ Mortalitv in each of Three Reaches 

The Sacranento River portion of the delta was divided into three 

reaches. Reach 1 extended from Sacramento to Walnut Grove; Reach 2, from 

Walnut Grove to Chipps Island, via the Mokelumne and l o w r  San Joaquin River 

systems (:he cetrral delta); Reach 3, from Walnut Grove to Chipps Island, via 

the Sacrzaen:~ Xiver system below Walnut Grove (Figure 1). 

Using equations described below, mortality in each reach was estimated 

from mortality indices of CdT snolts released at Sacramento, just below the 

mouth of S:eanboat Slough ("Courtland" site), and at Ryde (Figure 1).  The 

mortality indice3 of CiT smo!ts released at Sacramento represent If,, the total 

m o r t a i i t y  Lr,,::. :acranent~ trj r t , i l~r~: l  Igland. Thc mortality indices of CYT 



amolta ralaaaad at tha "Courtland' alto rapraaant Ma,, tha cabinad mortality 

in Reachea 2 and 3 1  and tha mortality indlca8 of CYP u o l t a  relaa8.d at Ryda 

rapramant U,, mortality in Raach 3 .  

Mortality in Rarch 1 was treated saquentially vlth the mortality balow 

Reach 1, the combined mortality in Reaches 2 and 3. In our modal, amolts 

which survived in Reach I vere subsequently subjected to mortality in either 

Reaches 2 or 3, depending in their migration route. 

Ricker (1975) developed an approach to describe the combined effect of 

two independent sources of mortality (e.g. fishing and natural). We adapted 

Ricker's approach to mortality occuring sequentially over two distinct time 

periods in order to apply it to the population of smolts migrating first 

through Reach 1 and second through Reaches 2 or 3. Ricker's equation states 

that the combined mortality due to two separate sources equals the sums of the - 
mortalities mipus the product of the mortalities, or 

Applying this equation to the Sacramento River portion of the delta, r e  get, 

MI - MI + MI, -   MI*^,,), Eq. 1 

where M, - total mortality from Sacramento to Chipps Island, M, - mortality 
from'Sacramento to Walnut Grove, and M,, - combined mortality in Raaches 2 and 
3, the central delta and the Sacramento River belor Walnut Grove to Chipps 

Island. Since M, and MI, vere measured, we solved Bq. 1 for M, to get 

MI - HI, + [(MI * (1 - Mta)] 
M, - I - M, * (I - MI,) 
M I  (MT - MI]) / ( 1  - MI,) Eq. 2 

We assumed negligible mortality from the 'Courtland" slta to Walnut Grove, a 

distance of about 3.5 m i l e s .  



H o r t a l l t y  I n  Reach 2 ,  t h a  c e n t r a l  d a l t a ,  van t r a a t a d  i n  p a r a l l e l ,  and 

I a o l a t e d  f rom mortality I n  Reach 3 ,  t h e  Sacramanto R lva r  balow Walnut Grove t o  

Ch ippa  I s l a n d .  A t  t h e  downstream boundary  01 Raach 1 ,  t h e  proportion of  t h e  

s m o l t s  e n t e r i n g  Reacl~  ? was d e f i n e d  by t h e  f r a c t i o n  of t h e  Sacr .~mento  R i v e r  

f l o w  d i v e r t e d  I n t o  t h e  c e n t r a l  d o l t a  v i a  t h e  D e l t a  Croa r  Channel and Georgian. 

S l o u g h .  The p r o p o r t i a n  o f  s m o l t s  c n t e r i n f i  Reach 5 i s  d e f i n e d  by t h e  f r a c t i o n  

of  S a c r ~ m e n t o  R i v e r  f l o w  rema in ing  i n  t h e  Sacramento River  be lov  Walnut Grove. 

The f r a c t i o n  d i v e r t e d  was n o t  i n c l u d e d  a s  an independent  v a r i a b l e  i n  t h e  

r e g r e s s i o n  a n a l y s e s ,  b e c a u s e  i t  e n t e r e d  t h e  model m e c h a n i s t i c a l l y ,  bu t  s t i l l  

i n f l u e n c e d  t h e  p r e d i c t e d  s u r v i v a l  t h r o u g h  t h e  d e i t a  by de te rmin ing  t h e  

p o r p o r t i o n  of  s m o l t s  d i v e r t e d  i n t o  t h e  c e n t r a l  d e l t a .  I n  p rev ious  v e r s i o n s  of 

t h e  model ,  t h e  f r a c t i o n  d i v e r t e d  was t h e  most  h i g h l y  c o r r e l a t e d  pa rame te r  w i t h  

t h e  m o r t a l i t y ,  M I , ,  of CWT s m o l t s  r e l e a s e d  a t  t h e  *Cour t land"  s i t e  ( r  - 0.54). 

~ ~ ~ l y i n ~  a  p r o p o r t i o n a l i t y  e q u a t i o n  t o  t h e  Sacramento R i v e r  p o r t i o n  o f  

t h e  d e l t a  below Walzut Grove,  we g e t  

H I ,  - M1*P2 + M,*P, ,  Eq. 3 

where  MI - m o r t a l i t y  f rom Walnut  Grove t o  Chipps  I s l a n d  v i a  t h e  c e n t r a l  d e l t a ,  

P I  - p r o p o r t i o n  of S a c r a n e n t o  R i v e r  f l o w  d i v e r t e d  i n  t h e  c e n t r a l  d e l t a ,  H, - 
s o r t a l i t y  f rom Walnut Grove t o  Ch ipps  I s l a n d  v i a  t h e  Sacramento R i v e r ,  and P ,  

- p r o p o r t i o n  a f  S a c r a z e n r o  R i v e r  f l o w  rema in ing  i n  t h e  Sacramento R i v e r  below 

'da lnut  Grove .  S i n c e  U2, and MI were measu red ,  we so lved  Ecca t ion  3 f o r  M I  t o  

g e t  

M>*P, - M - M,*?, 

:1, - M - * / P I  



Vorta' y in Raach 3 ,  tha Sacramento River belov Walnut Grot I to :hippa 

Ieland, vae treated in parallel, and isolated from, mortality in Reach 2 .  H, 

was measured directly, therefore no computations wore .' ~olvad. 

We assumed negllglble mortality batween Walnut Grove and Ryde, a 

distance of about 3 milas. 

in cases where the appilcation of our equations to isolate the estimated 

mortality in Reaches 1 and 2 produced mortality values less than 0 or greater 

than 1, mortality was truncated to 0.0 and 1.0 respectively. We truncated 

estimated mortalities to maintain biologically meaningful mortality values, 

and to remain consistent with the subsequent use of this model in a Salmon 

Population Model (Mitchell, 1989). We Vera aware that truncating reduced the 

variation in the non-truncated data. 

- 
Migration RateITime Intervals 

We estimated the migration rates and time intenals, in days, of CWT 

smolts as they emigrated through each of the three reaches. The migration 

rates enabled us to calculate how long the smolts vere exposed to tbe 

environmental conditions in a specific reach during a specific time interval. 

The minimum and maxisum migration rates of CUT smolts released at Ryde vere 

estimated by dividing the total distance of Reach 3 by the time interval 

between smolt release at Ryde and recapture at Chipps island. Assuming smolts 

migrated at the same rate throughout Reach 3, the minbum and maxinrum 

migration tine intervals in several subsections of Reach 3 w e r e  calculated by 

multiplying the mininu and maximum migration rates b7 the subsec-.icn 

distance. 



The minim~m and mvxlmun mlpration time Intervale In Reach 2 uelns CWr 

molt. relearned at the "Courtland* alte vere dmtsrmlned by the time Intervals 

between amolt releaae at the "Courtland" site end recapture at Chlppa Island. 

Wu realized thls approach may have underestimated the minimum migration time 

lntervnl In Reach 2 because some of the smolts released at the "Courtland" 

s l t e  migrate+ v i a  the Sacramento River, considered a shorter migration route. 

The migration time intervals in Reach I using CWT smolts released at 

Sacramento £ram 1978 to 1982 vere based on existing informotion on molt 

migration and estimated vater velocity through Reach 1. For detailed 

dlsiussion, refer to Dettman, 1989. 

By estimating the migration time interval and dataa of smolts in a given 

reach we estinated the environmental conditions to which they were axposed 

(Appendix 2 ) .  To provide the reader with a general knowledge of migration 

time intervals for snolts passing from Sacramento to Chippa Island, we 

developed the folloving : 

Sacramento to Walnut Grove Tw days 

7ainut Grove to Chipps Island 
- 

via the central delta Ten days 

7 .   ma;^^: Gro7e to Chipps Island 

via the Sacramento River Seven day8 

Sacracento to Chipps Island Tvelve daya 



Correlation r-d Re~realion 

We compared our mortality eatlmataa to the envlrermental c dltiona at 

the time the tieh Vera milrating using correlation end interact! multipls 

linear regression techniques to determine how the varied enviror. rtal 

parameters affected mortality by reach (Snadacor and Cochran, I9 . Thsxe 

analyses justified our selection of the anvironmental parameters sed in tha 

model. 

We analyzed correlations between smolt mortality and several flow 

parameters, export rates and water temperatures as marked smolts pass through 

the Sacramento River portion of the delta. We 81.0 evaluated the potantial 

influence of smolt size and tide phase at the time of release to assess how 

variation in these experimental conditions might effect sunival. Neither 

size nor tide phase were considered as a model p a r w t e r  since they were not . 
factors that could be managed for increased smolt survival. 

We performed multiple linear regression analyses between estimated smolt 

mortality and the individual factors described above for each of the three 

reaches. Uhereas correlation analysis allowed us to examine the relationships 

between mortality and individual parameters, multiple regression analysis 

enabled us to evaluate the effects of multiple factors in combination with 

each other on mortality. F-test values were used to determine the order in 

which factors vere incorporated into the regression equation. An additional 

factor was incorporated only if the combination of parameters yielded a better 

r-squared value and a significant F-test value, and a11 factors were 

individually significant in the regression equation at 95% based on their 

t-statistic. Only those parameters whose t-teat v a l w x  were significant at 

95% or greater were included in the regression equation. 



RESULTS ANTI DISCUSSION 

Estlmntad Mortality in Rench 3 (Walnut G-to Chipps I31and1 

We used our survive1 indices f r o m  smelts relcascs at Rvdr to estlmato 

the mortality in Reach 3. These data were obtained from 1983 through 1980 

(Table 1, Appendix I ) .  Releases were mado vlth the Delta Cross Channel gates 

both open and closed. Adjustcd mortalitites averaged 0.56 and ranged from 

0.29 to 0.91. 

Environmental Influences in Reach 3 

We correlated estimated mortality in Reach 3 to a variety of factors 

that appeared to have an ecological basis to influence smolt mortality in that 

reach (Table 2). 

A significant positive correlation was found between mortality and both 

instantaneous vater temperature at release site and average daily vater 

temperature at Freeport (Table 2). Water temperature affects smolts both 

directly through acute (lethal) effects and indirectly through chronic 

(sublethal) effects. Laboratory experiments have demonstrated that juvenile 

chinook salmon all die at about 78'F (Brett, 1952). Chronic temperature 

effects are sore difficult to quantify, but are those related to physiological 

stress, predator and ssolt metabolic denands, disease, grcvth, and other 

factors vhose effects on smolt survival have Seen shown t- i~crease with a 

rise in temperature (Fanson, 1989). 

There has been s5ne concern that the linear nature c f  the 

tcnjp?rature:mortality relationsh!~ depicted i n  Fieure 2 nay be unrealistic due 



lakal. 1. Trawl su rv iva l  Indexer. m o r t a l i t y  indax.. (MI) and environmentml data for  CUT chinook ealmon m o l t s  r.leasod a t  R y b  f r m  
1983 through 1989. 

Average 
D a l l y  water 

I n s t  Weter l a p  'F 0 - - - - - - -  Mean D a i l y  F l a m  (WS) a t : - - - - - - - -  D a l l y  Size, 
Trawl 1e.p 'F P Frseport SXPICV? Yo lrclts l i b  

Nl R.1-a~- Surv Adlu8t.d R.loase S i t e  On Releoee Frr.porf R ie  V i s t a  Jersey Pt Chfppe I: Export* par Pound ?ha" 
U m b e r  Y..r Index Yort .Ma (Ryd*) Date (QSAC) ( ~ ~ 1 0 ) '  ~ ~ € 5 1 ) ~  (WUT) cfa'  bolts In&. 

' - U..n o f  the moan d a l l y  Sacremanto River f lows a t  Froeport on th. day(.) m o t s  were relamsad at  Ryde. 
- u a a n  o f  the mean d a i l y  Sacranonto River i l o w ~  a t  Rlo V l s t e  on the day(m) .molts passad R i a  Vl t tm.  

a - M a n  o f  th. maan d a l l y  San Josqutn R i v w  f lows a t  Jersey Polnt  on th. day(.) .melte pessod Chlpps Is land .  ' . Uaan of tha d a l l y  H.t 0.11. Out f lw .  on lh. day(.) u o l t .  paasad Chipp. I s land .  ' - Maan of the d s i l y  SwP plum CVP export. dur lng the par lod  .molts passed from r.lo... p o l n t  t o  Chlpp. I.l.nd. - 
+- 
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to potential blaara arroclated wlth tlm us* of CUT hatchery smolts, and L!le 

bellof that Lhe chronic (sublathal) tornperstura affacts described rbova are 

unlikely to have much lnfluencn on survival at the lower tamprrnturar (-60 to 

63'F). We have not ansvored those concerns fully and uncartolnty remains. 

For instance, there is limited data to suggest Lhrt the survival of naturally 

product4 smolrs also is negatively correlated vith tempersture in a linear 

manner, and there is also other CWT data not used in modeling that indicates 

survival can be relatively high at high temperatures. Refer to discussion in 

Hanson, 1939 and U S N S ,  1989. 

The only other significant correlation was betveen estimated mortality 

in Reach 3 and the tide phase index (Table 2.). Smolts released at Ryde on a 

flood tide may be carried upstream and into the Delta Cross Channel and 

Georgiana Slough and therefore exposed to mortality in Reach 2. This suggests 

that our estinate of mortality in Reach 3 may be biased high for releases made 

when the tide was flooding. 

There was no significant correlation between wrtality and flow. It has 

been hypothesized that increased flows would reduce smelt mortality through 

increased migration rate, and thus lessened exposure times to any adverse 

conditions. Ve have not, however, demonstrated a corre1a:ion betveen snolt 

~igration raze and flov in the delta presunably due to the conplexity of smolt 

migration behavior in tidal waters. Higher flow could prc.?ide dilution of 

ccntaninants, and is typically accompanied by higher turbitity which may 

reduce s m l t  mortalities caused by sight feeding predators. 

The la-k cf a si~nificant correlation with exports is not unexpected 

since -molt- released at Ryde, while vulnerable to diversisn into the lover 



San Joaquin via Thraamilr slough, rrr lass llkaly to ba carriad into th* 

southarn dalta than, for lnrtanca, imolta ralraaed at the "Courtland" mita. 

Ths nrgatlva corrrlatlon batvrrn ortimatad smolt mortality and the 

number of smolts per pound ves opposito to what vs expected and sugdests 

mortality decreases as smolt sizo decreases. It is counter to population 

biology and data from fry, snolt and yearling CWT releases that indicate 

mortality typically increases as size decreases. It has been hypothesized 

that net avoidance by the larger CUT smolts may have caused the above 

relationship betveen size and mortality. However, for the relatively narrow 

range of smolt sizes ve used and the high turbidity seen at Chipps Island 

which should hinder avoidance by smolts of all sizes, we doubt that the net 

avoidance hypothesis is supportable. Thus, ve believe the correlation is 

spurious. 
* 

Our interactive multiple regression analysis indicated that average 

daily temperature at Ereeport on release day by itself accounted for 65: of 

the variation in srnolt mortality in Reach 3 (Table 3). Ye chose water 

temperature at 'freeport, rather than at the release site, since we have an 

historic record of water temperature at Preeport and it is highly correlated 

wlth the temperature at Ryde (r - 0 . 9 4 ) .  

Tide phase index was the only other parameter individually significant 

at 95X. By itself, it explained 54% of the variation, hovever, incorporating 

it into the equation with water temperature severely reduced the significance 

of both coefficients in the equation based on the t-statistic. In other 

words, tide phase did not account for a significant portion of the resldual 

variation in mortality after the mortality due to water temperature was 

removed. Our tide phase index was crude and it ia not surprialng that it 



~ ~ b l r  3. Linear regression between estimated mortality using CWT chinook salmgn smolts released 
in the Sacramento River at Ryde and recovered at Chipps Island (M,) and average daily 
water temperature at Freeport on release day. 

Variable 
-------------- 

Cmulative 
Percent 

Regression Standard Partial Variation 
Coef f lclent Error T-Statistic Correlation Explained 
----------- -------*- ----------- ----------- ---------- 

Intercept -1.766 : 0.5136 -3.440 

Average Daily 
Water Temp 'F 
@ Freeport on 
Releaso Day 0.03489 . 0.097672 .: 4.547 

. . 

R-Squarod - 0.6527 
F-testa 1 r a t i o  - 20.68 - Standard error or regroaaion - 0.1211 

0 



reduced aignificenca In the equation. We era at111 interested in dealanin( a 

better antimate of tide influence at relreee nit*. 

The aquation predicting amolt mortellty throush Reach 3 in ee iollowa t 

H, - -1.766 + (0.03489 * ave water temperature *F at Freeport, CA) 

Mortality in Reach 2 (Walnut Grove to Chipps Island via the central delta1 

Table 4 lists estimates of M, for each release made at the "Courtland" 

site since 1983. Adjusted mortalities in Reach 2 are the highest of a11 three 

reaches, averaging 0.85 and ranging from 0.63 to 1.00 (Table 4, Appendix 1). 

Environmental Influences in Reach 2 

We correlated the estimated mortality in Reach 2 to the factors listed 

in Table 4, The environmental factors chosen for Reach 2 analyses rere those 

believed most*applicable to that reach, hence f l w  in the Sacrmrsnto River, 

used on Reach 3 analysis, vas omitted. 

Our vater temperature parameter uaed.in Reach 2 m a ,  again, maasured at 

Freeport due to the availability of historic data and the fact that there was 

a reasonable correlation between water temperature at ireeport and tha 

"Courtland' site (r - 0.971, and between vater tmperature at Freeport and in 
the Mokelumne River system (r - 0.92). Temperature data for the delta portion 

of the Hokelumne River were only available for the spring of 1989. 

Results of our correlation analysis (Table 5) indicated mortality in 

Reach 2 was positively correlated to water temperature at Freeport (r - 0.73, 
p - 0.99) and water temperature at the release mite. Weaker negative 

correlations were seen between mortality and net delta outflow (m) at 
C h l p p s  Island (r - -0.53, p - 0.90) and flow a t  Jaran). Point (QWEST) (r - 
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-0.47, p - 0.90). Th* nat delta outflov corralation probably raflectr 

colin~arlity with vutar tamperatura. A s  outflow incraas*. ve typically ma. a 

dacraase in v a t u  tamp*rature at the same tima. Wb bblieva raversa (negetivb) 

flows at Jersey Point in the lownr Sa~r Joaquin (QWEST) may increase smolt 

mortality, again, by increasing exposure times, or causing the smolts to 

migrate tovard the southern delta pumping plants rather than toward the ocean. 

It is probable that the DAYFLOW estimates of net flov at Jersey Point in the 

western San Joaquin River are somewhat inaccurate due to the lack of 

appropriate tidal influence in the calculation of that flow parameter vhich 

could lessen our ability to demonstrate a correlation between mortality and 

QWEST should one exist. 

Multiple regression analysis indicated that the cmbination of water 

temperature at Freeport and total SUP plus CVP exports explained 66s of the 

variation ii mortality in Reach 2 (Table 6). Temperature alone explained 48X 

of the variation, and exports alone explained 17: of the variation. Combining 

vater temperature and exports increased the significance of both water 

temperature and exports regression coefficients (t-statistic) to 99.5% and 

9 5 : ,  respectively and increased r-squared to 66: (Appendix 3). The mortality 

as relatee to water temperature is shown in Figure 3, and the residual 

cortality itha: remaining after the mortality explained by vater temperature 

alone is rexoved) as related to total exports is shorn in Fi~ure 4. 

Total exports is considered an index parameter to reflect the influence 

of drawing vater and snolts toward the southern delta pumping plants from the 

central de!ta. Morta1i:ies were greater for CWT smolta released in the lower 

portion of Old River in the nouthcrn delta when cornparad to tho10 released in 

~ t , ?  ccntra! 2nd norther3 delta r!!ZFWS. 1387 ) .  lfigher amlt mortality in the 
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moutharn delta may refl3cL the vanner rater there than in the Sacramento 

River, lossee of smolte expoaed to the intakes of the CVP and S I R ,  and a 

longer travel route which incransea the chance of 10.8 to predation and other 

negntlve factors, such as contaminants. 

The combination of water temperature and total exports explained the 

grnatest portion of smolt mortality in Reach 2. It is important to realize 

that while water temperature and exports explained 662 of the variation in 

mortality there is still a great deal of mortality at the low temperature of 

6O'F and relatively low export (-3000 cfs). This indicates that while low 

temperatures and exports will lessen smolt mortality there are other factors 

that are not included in the model that influence m o l t  survival. Further 

efforts will be made to better define thes; factors. 

The equation w e d  to predict mortality in Reach 2 is : 

M, - -0.5809 + (0.01793 * ave vater temp 'F at Freeport) + 

(0.0000018 mean SWP plus CVP export pumping rate) 

Mortality in Reach 1 (Sacramento to Walnut Grovel 

Gne objective of the 1988 and 1989 experiments was to estimate the 

mortality in Reach 1, using mortality indices from Concurrent releasea at 

Sacramento a-d the "Courtland" site. Equation 2 vas used to isolate the 

mortality in Reach I ,  

M, ( r  - ) 1 (1 - En) Eq. 2 

This is imp~rtant because we wanted to know how much of the overall mortality 

between Sacramento and Chipps Izland was due to conditlone in Reach I alone. 

Unfortunately, while we did estimate mortality in bath I in 198% and 1989, 

t h e r e  were n q  concurrent relea~cs below Courtland from 1978 through 1982 from 



vhlch to eatlmate mortality in Reach I. Ht ;a, whlle wrtality eatlaatem 

baaed on mortality indicem from concurrent ralaaaea vould have been 

preferable, reconstructad mortality eatimater for Reach 1 were u a d  as 

described in the noxt section. 

Reconstruction of Mortalitv Estimates for Reach 1 

We reconstructed mortality estimates during years vhen total survival 

was measured between Sacramento and Chippa Island. To do this ve 

reconstructed estimated mortality in Reaches 2 and 3 based on the re~pective 

regression equations for those two reaches discuraed earlier. Then ve applied 

the Ricker1s and proportionality equations (Eq. 2 and Kq. 3, respectively) to 

reconstruct estimated mortality in Reach 1. Beginning vith Eq. 2, 

MI - p i 7  - M,l) I (1 - Ma*), Bq. 2 

and substituting Eq. 3 for M,,, 

Ma, - M,*?, + M,*P,, Eq. 3 

ve get, 

MI - [HI - '  (Hz*?, + H,*?I) I I [ l  -   MI*?^ + Ma*Pa) J 

M I  - (M, - M,*P, - M,*?,) I (1 - M,*Pz - Mz*Pa) Bq. 5 

The data set used to estimate mortality in Reach 1 is provided in Tabla 

7. It is based on: 

M, as a function of vater temperature at Freeport (Table 3). 

M, as a function of vater temperature at Freeport and total 

SV? ar.d C'IP export pumping rates (Table 6). 

M,.based on travl mortality indices, 1978-82 p l w  1988 and 1989 (Table 



i r v ~ ~  I ,  rrmrl  surrtv.1 lndexs.. n o r t a l l t y  Index*. and .nrlronmental dat. using CW7 chlnook ..l.on .molts r.l.*s.d a t  
Sacramento f r o m  tU78 tlarnuyh 1082. 1888 mnd 1808. 

Aver.@. --Mean Dally Flow(CF3) a t : - -  
Aaconl t  I n s t  Water D a l l y  water S t l a  

Mor t  Temp 'F 8 Tamp ' F  a Freepo r t  on Freepor t  - Ho S - o l t .  
Index Rolsmr. Sit. F r s e p o r t  On R.1.a.. Date (Sac t o  Cour t )  p e r  ~ o u - , d  
(MI)' (Sacran.nto) A.1.a.. Dmt. ( ( 1 s ~ ~ ) ~  ( Q S A C ) ~  S.clt* 

' - f i ecc -s t ruc tad  n o r t a l l t y  r . f l sc ts  adjumtad, t r unca ted  m o r t a l i t y .  
- Maan o f  the  mean d n i l y  Sacranento Rlvo; f lows a t  Sacramento on the d.y(.) .molt, w o r e  roleanrd. 
- U+.n o f  112. mean d a l l y  Socramonto R i v - r  f l o r a  at Fcaopurt on t l m  day(.) .molts pa..ad from 3 a c r . ~ s ? t o  t o  ** taurt ; .nc '  



Our reconatruct*d mortalitlas lor Raach I ranged from 0.00 to 1.00 end 

averapbd 0.41 (Table 7, Appbndlx 1). Wlth the exception of 1978 and 1981, 

batirnatbd mortalltibs for Reach I are quite low. 

Structural Limitations in Reach I 

It is important to clarify that our estimates of mort~lity in Reach 1 

were not restricted to the stretch of Sacramento River betvnen Sacramento and 

Chipps Island. Smolts passing the city of Sacramento can follow not only the 

Sacramento River but also travel via Sutter and Steamboat Sloughs (Figure 1). 

The latter sloughs divert about 20 to 30% of the Sacramento River flow which 

reenters the Sacramento just above Rio vista. Hence our reconstructed 

estimates of mortality in Reach 1 are actually the net results of mortality 

through several potential routes and we assume they represent mortality - 
between Sacramento and Chipps Island not attributable to Reaches 2 and 3. 

Ideally, Reach 1 should be replaced by several new reaches of the sacra men:^ 

River and separate reaches for the two sloughs. We do no: have sufficient 

data to construct such a model. CWT smolts were only released in Steamboat 

Slough in 1988 and 1989. The raw survival index was 0.38 in 1988 and 0.91 izi 

1989. The only release made in Sutter Slough was in 1989 the raw survival 

ir.dex was very high (1.11). The sparse data from Steanboa: and Sutter Sloughs 

suggest that survival in these sloughs can be relatively high which could 

explain the relatively low mortalities we often see in Reach 1 (Table 7). 



Envlronm*ntml Influence# in Reach 1 

We axaminad rmlationahipa betua*n tha r*conttructmd artlmatea of 

mortality in Raach I and tha factors shorn in Tabla 7. 

Water temperature at release site and at Pramport vara thn only 

sig~riflcant environmental factors vith a corralation coefficient of 0.69 and 

0.63 (Table 8, Figure 5 ) .  The corralatlon coefficient for size of smolts was 

sienificant, but the sign indicated, again, that mortality increased as size 

increased which is contrary to population biology. Streamflovs were not 

significantly correlated with mortality (Table 8). 

We used multiple regression analysis to detennine whether combinations 

of the environmental factors accoilnt for more variation than temperature, and 

to make sure that the temperature correlation was not masking the importance 

of streamflow. After the temperature factor was incorporated into the 

regression equation, streimflov did not account for any significant variation 

in the residual mortalities. 

Water temperature at Freeport on release day accounted for 40% of the 

variation in mortality in Reach 1 (Table 9, Figure 5) .  !he equation used to 

predict mortality through Reach 1 is : 

M, - -2.858 + (0.04851 * ave vater temperature *I at Freeport, a). 
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SIHUUTIONS OF SURVIVAL BETWEEN SACRAMENTO AND WIPPS ISLAND 

Figurer 6 and 7, and Tabla 10 illurtrata almulationr of overall 

pradictod survival at varled vatar tampsratures at Freeport, fractions 

diverted at Walnut Grove, and SUP plus SVP export pumping rates in the 

southern delta. Total mortallty was calculated using Equatisns 1 and 3, 

MI - El, + MI, - (M,*M,,) and Eq. 1 

MI, - M2*P, + H,*P,. Eq. 3 

Substituting Equation 3 into Equation 1 gives, 

M r  - M, + (M,*P2 + M,*P,) - [M,*(M,*P, + M1*P,)] 

My - M, + M2*P2 + M,*P, - M,*M2*P, - M,*M,*P, 
Tstal survival vas calculated using the equation, 

ST - (1- MY) Eq. 7 

Survival values for environmental conditions not shown here can be calculated 

using ~~ua:ions 6 and 7 and the three regression equations (Table 11). 

The exanples provided in the text below are meant to reflect some of the 

survivai changes predicted by the model as the three parameters vary through 

Eq. 6 

ccnditions ofzez seen in the delta. .. 

The reader is cautioned in use of this model output. Vnile specific 

values of survival are given, by necessity, for each environmental condition, 

i; is vise to ez9hasize general trends and the relative mgnitude of change in 

sarvival as c3ndi:ioas change. While changes in tho absolute magnitude of 

survival often appear small with a given change in an environmental parameter, 

the relative nagnitude of change is often great and vfll be reflected directly 

by increa~es in adult production. Since ve used a11 available mortality 

i f i d i c r ! s  in the re~ression analyses, we had no means to develop meaningful 
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T a b l a  10. Snvironmantal  paramatarm o f  t h e  Sacramanto Rlvar d a l t a  and 
corraapondlng t o t a l  amol t  murvlval  throuph t h a  t lrrae raache* ,  
TFRSS - w a t e r  tamparatu;-a a t  F r a a p o r t .  ' T i  DIV - F r a c t l o n  o f  
u a t a r  d l v a r t a d  a t  Walnur Grove; EXPORTS - t o t a l  SUP and CVP 
expor t*  from t h e  s o u t h a r n  d a l t a ;  SURV123 - t o t a l  r u r v l v a l  of  
chimook 8alm0n amol t s  batwean Sacramento and Chlppa I n l a n d .  

TFREB 
----- 

60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
6C. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 
60. 

D I V  
--- 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5' 
0.5 
0.5 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

EXPORTS ------- 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 

DIV --- 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
C.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 



DIV TFRXB 
--- ----- 
0. 66. 
0. 66. 
0. 66. 
0. 66. 
0. 66. 
0. 66. 
0. 66. 
0, 66. 
0. 68. 
0. 68. 
0. 68. 
0. 68. 
0. 68. 
0. 68. 
0. 68. 
0. 68. 
0. 70. 
0. 70. 
0. 70. 
0. 70. 
0. 70. 
0. 70. 
0. 70. 
0. 7a. 
.3 66. 
. 3  66. 
.3 66. 
. 3  66. 
. 3  66. 
. 3  66. 
.3 66. 
. 3  66. 
.3 68. 
. 3  68. 

2 ., 6 8 .  
6 8 .  

EXPORTS ------- 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 

DIV --- 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
.O. 7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

EXPORTS ------- 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5C00. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
moo. 
5000. 
6000. 
7000. 
8000. 
9000. 
2000. 
3000. 
MOO. 
5000. 
6000. 
7000. 
8000. 
9000. 



Table  11. S m a r y  of equations and factort used to construct the models foe simulating the aurvi.al of 
chinook salmon smolts betveen Sacramento and Chippq Island. 

Reach 

Sacrrmsnto 
to Walnut Grove 

Walnut Grove 
to C h l p p a  Is 
vIa Hokelumne 
RIvar Syatem 

Factors Used To 
Estimate Mortality Equation Uaed To Eatimate Mortality For Reach 
------------------ .................................................. 
Average Daily M, - ((-2.858) + (0.04851 * Ave Water Ternp,'F, at Freeport, CA)] 
Water Temp *F 
at Freeport on 
Relwaaa Day 

Average Daily MI - [(-0.5809) + (0.01793 * Avo Water Ternp,'F, at Freeport. CA) + 
Water Temp 'F (0.0000418 * SM+CVP Exporta)] 
at Freeport on 
Raleare Day 

Walnut Grove Averag* Daily 
t o  chippa 1a Water Temp *I 
ria Sacramento at Freeport on 
Rirar Syatan Releaso Day 

Hr - ( ( - 1 . 7 6 6 )  + (0.03489 * Ave Water Temp,'F, at Freeport, CA)) 



e r r o r  a a t i m a t a a  beyond c u n 8 l d o r l n ~  tlie s t a n d a r d  e r r < , ,  o i  t h e  ~ . a g r m a a l o n r  

( T u b l o s  3 ,  6 and 9). 

E f f a c L s  of f r n c t l o n  D i v e r t e d  . -- - . 

We c h o s e  a  range o f  d i v ~ r s i o n  f r a c t i o n 3  t h a t  c l o s e l y  r e p r e s e n t e d  

c o n d i t i o n s  w i t h  t h e  D e l t a  Cras s  Chiinncl g ; i t c s  open (0 . ?0 )  v e r s u s  c:osed 

( 0 . 3 0 ) .  

S u r v i v a l s  i n c r e a s e d  a s  t h e  f r a c t i o n  o f  w a t e r  d i v e r t e d  a t  Walnut Grove 

d e c r e a s e d  ( F i g u s e  7 ) .  The g r e a t e s t  s u r v i v a l  b e n e f i t  from a  d e c r e a s e  i n  

f r a c t i o n  d i v e r t e d  i n t o  t h e  c e n t r a l  d e l t a  ( f rom abou t  0.3 t o  0 . 5  s u r v i v a l )  i s  

a t  l ow w a t e r  t e m p e r a t u r e s  (60 'F) .  A t  w a t e r  t e m p e r a t u r e s  of a b o u t  70.F. 

however ,  even  a  majar  r ed i : s t i on  i n  t h e  f r a c t i o n  d i v e r t e d ,  from 0.70 t o  0 . 3 0 ,  

r e s u l t s  i n  a r a t h e r  minor  e f f e c t  on s u r v i v a l .  

A i t h o i g h  t h e r e  is no p r e s e n t  means t o  e l i m i n a t e  d i v e r s i o n s  i n t o  t h e  

c e n t r a l  d e l t a ,  v e  a l s o  e s t i m a t e d  t h e  s u r v i v a l  when t h e  f r a c t i o n  d i v e r t e d  was 

z e r o .  T h i s  e?i.-,iza:ed a n y  n o r z a l i t y  i n  Reach 2 and t b a  model p r e d i c t e d  t o t a l  

s u r v i v a l  b e t i r e e l  S a c r s e n t o  and Ch ipps  I s l a n d  t o  be 0.64 a: a  t e m p e r a t u r e  of 

60'3'. T h i s  can  be :?=pared :o a  model  p r e d i c t i o n  of  s u r v i v a l  of  0 .47  a t  60'7 

when t h e  f r a c t i s n  d i v e r t e d  was 0 .70  and  e x p o r t s  were low a t  2000 c f s .  When c o  

. . - . . 
. - t e r  i s  d i v e r : ? <  i i z  mair.ut Grc'ze and  t h e  t enpee r t tu re  is 7O'P, t h e  model 

2 r e d i c t e d  a  s.;r..,lvs: $ 5  0.15. :his, i n  t u r n ,  c o u l d  be conpared t o  a  model 

s c r v i v a l  o f  C .  :2 a t  70'? ,  agair., w i t h  e x p o r t s  a t  2000 c f s  and f r a c t i o n  

t i . ~ e r t e d  a t  S . 7 C .  2 . e  above e x a c p l e  i c E e r 3  t h a t  a  r e i a t i v c i y  l a r g e  i n c r e a s e  

i n  s u r . ~ i v a !  a .  3air .ed  a t  1 5 ' d ~ r  w a t e r  t e m p e r a t u r e s  t y  e:iminating h i g h  

l<!vr?ln  o f  d i . ~ ' l r . ; i ~ n  a t  ; i ~ l n u t  Grq .~c ,  b u t  r e 1 a t i v e : y  very  li::ir card be ga ined  

. I 'wa?.cr :r:r:,;,,!:2t8;rc!:. 



E f f e c t  of  Watar Temperature 

S u r v i v a l  i n c r e a r a r  a s  w a t e r  t e m p e r a t u r e  d e c r e a e e e  and model r r r u l t e  

i n d i c a t e  r a t h e r  l a r g e  i n c r e a s e r  1r . i r trvival  o v e r  a  1O.F d e c r e a s e  i n  

t e m p e r a t u r e  when t h e  o t h e r  two f a c t o r s  a r e  h e l d  c o n s t a n t  ( P l g u r e  7) .  Managing 

f o r  s u c h  a  l a r g e  drop i n  t t m p e r a t u r s ,  however, is n o t  p r a c t i c a l .  A lower ing  

o f  t e m p e r a t u r e  of from two t o  f o u r  d e g r e e s  a t  66'F t o  70'F p r o v i d e s  a  

m e a s u r a b l e  i n c r e a s e  i n  s u r v i v a l  (from a b o u t  0.05 t o  0.10 s u r v i v a l  u n i t s )  

( F i g u r e  8 ) .  The s u r v i v a l  b e n e f i t s  of a t e m p e r a t u r e  deczease  appear  s l i g h t l y  

b e t t e r  when t h e  f r a c t i o n  d i v e r t e d  a t  Walnut Grove is Less. 

E f f e c t  o f  E x p o r t s  

S u r v i v a l  i n c r e a s e s  a s  t o t a l  SWP and CVP e x p o r t  pumping r a t e  d e c r e a s e s .  

The g r e a t e s t  r e l a t i v e  s u r v i v a l  b e n e f i t s  of  reduced e x p o r t s  a r e  s e e n  a t  l o v e r  

t e m p e r a t u r e s  of 6O'F and a t  h i g h  f r a c t i o n  d i v e r t e d  (0.70) ( F i g u r e  5) .  A 

d e c r e a s e  i n  e x p o r t s  from 9000 down t o  2000 c f s  y i e l d e d  an improvement i n  

s u r v i v a l  f rom about  0.3 t o  0.5.  

A m a j o r  q u e s t i o n  remains  r e l a t i v e  t o  t h e  s u r v i v a l  b e n e f i t  of  

e l i m i n a t i n g  e x p o r t s .  We have n o t  measured s u r v i v a l  w i t h  a  t o t a l  pump 

c u r t a i l m e n t  and t h e  Ecdel  can no t  be expec ted  t o  p r e d i c t  i: under  t h o s e  

c o n d i t i o n s .  



We hava drveloped a #molt survival modal basad on multlpla ragrrssion 

anulyas using three environmental parnmntsrs. Thesa factors were justified 

for inclusion by their 8tatIrtically significant relationships with survival, 

and appear biologically sound. As is true with all modeling of complex 

systems, other factors that also influence smolt survival could have been 

omitted due to data limitations or the fact that we restricted our choice ta 

environmental parameters that had a potential to be chacged through management 

act ions. 

Our modeling has been successful in helping us to gain a better 

understanding of the potential factors influencfng survival and to identify 

critical assumptions and data gaps in need of further research. There is a 

need : 

1) to test further the assumption that smolts are diverted in 

proportion to tne amount of flow diverted at selected sites, 

2) to gain further estimates of smolt survival in Steamboat and 

Sutter Sloughs, and then add these sloughs to the model, 

3) to estimate survival from C4T smolt raleases in the central delta 

(Reach 2) under low export rates and with positive flow in the 

western San Joaquin River, and 

4 to evaluate further the reasons for the high unexplained mortality 

i r  the central delta. 

We beiicve the model is a reasonable representation of several keg 

factors iniluencing smolt survival in the Sacramento Rlvar portion of the 

d ~ l : . ~ ,  a n d  v ! , i l e  uncertainties remain in our understanding, it 1s a useful 



t o o l  t o  a a a e a a  t h e  banmfi ta  of d e c r a a a i n p  t h e  f r a c t i o n  of  S a c r a u n t o  R i v e r  

t h a t  i a  d i v e r t e d  a t  Walnut Grove,  t h e  wa te r  t a m p a r a t u r e  I n  t h e  Sacramento 

R l v e r  a t  F r e e p o r t ,  and t h e  t o t a l  e x p o r t s  of t h e  SW m d  CVP d u r i n l  t h a  f a l l -  

run s m o l t  d o v n s t r e a ~ n  e m i g r a t i o n  p e r i o d .  The l e e a e n i n g  of  theaa  t h r a a  f a c t o r .  

and t h e i r  impacts  on amolt  a u r i v a l  c a n  be ach ieved  th rough  a  v a r i e t y  of  

p o t e n t i a l  s t r u c t u r a l  and o p e r a t i o n a l  measures  such  a s  f i s h  s c r e e n s ,  D e l t a  

C r o s s  Channel  c l o s u r e s ,  f i s h  g u i d a n c e  f a c i l i t i e s  and t r a p s ,  t i d a l  g a t e s ,  

i n c r e a s e d  f l o v s ,  i n c r e a s e d  r i p a r i a n  v e g e t a t i o n ,  and dec reased  s p r i n g  eXp3rt.Q. 

While s u r v i v a l  b e n e f i t s  can p o t e n t i a l l y  be achieved by each of  t h e  above 

m e a s u r e s ,  we b e l i e v e  t h a t  t h e  most e f f e c t i v e  o n e s  a r e  t h o s e  t h a t  keep  s m o l t s  

o u t  o f  t h e  c e n t r a l  and s o u t h e r n  p o r t i o n s  of t h e  d e l t a  v h a r e  m o r t a l i t y  is 

h i g h e s t .  

We e x w c t  t h a t  t h e  model v i l l  be used f o r  a  d i v e r s i t y  of  a c t i v i t i e s  i n  

a d d i t i o n  t o  o u r  own D e l t a  Salmon Team e v a l u a t i o n s  and subsequen t  t e s t i m o n y  i n  

t h e  CSWRCB Bay/Delta P roceed ings .  Some of t h e s e  o t h e r  a c t i v i t i e s  i n c l u d e  

e n v i r o n e m e n t a l  impact a n a l y s e s  of proposed p r o j e c t s  in t h e  d e l t a ;  e v a l u a t i o n s  

relo:i.:s t o  :La A r t i c l e  Sevaii N e g o t i a t i o n s  between QVR, USBR and CDFG; and 

t h e  CDWR and CEFG Pour Pumps Agreement. We c a u t i o n  tht t h e  model r e p r e s e n t s  

s u r v i v a l  u n d e r  e x i s t i n g  d e l t a  c o n d i t i o n s  and s u g g e s t  tht when t h e  model is 

~ s e d  t o  p r e d i c t  smol t  s u r v i v a l  u s d e r  an  a l t e r e d  d e l t a  environment t h a t  t h i s  

c o n c e r n  be a d i r e s s e d .  

The model is a  d e f i n i t e  improvemen: o v e r  t h e  e a r l i e r ,  more g e n e r a l ,  

smol t  s u r v i v a l  model which used t h e  magnitude o f  f l o v  a 8  an index  pa ramete r  t o  

r e f l e c t  t h e  inEluence of f l o v ,  t e m p e r a t u r e  and f r a c t i o n  d i v e r t e d  a t  Walnut 

Grove on s u r v i v a l .  The £10.~-only  model under -es t imr tad  s u r v i v a l  under  l o v  

t e m p e r a t u r e  and low f low c o n d ! t i o n s  which can  o c c u r  i n  A p r i l  and e a r l y  Hay i n  



low runoff years, ha noted earller, thin urn becaus. ve had not mnaaurad 

survival at lov flows and lov tempernturos 

Wa hava not V*nl. able to monaurn suvival when flows were Incrbasad and 

tcmporaturas romalned constant. Thin hns prevented us f : ~ m  thoroughly 

evaluating the independent effects of flow. Vhilo wr s!ro to dofine these 

effccts, in prdctice this appears infeasible. We believe that as flovs 

increase, snolt s:::vival is greater due to both lesse~iny vater tprnperaturss 

and fraction diverted and possibly flow its-if 

It is !=portant to remember, that of the simulatioas of survival w e  

provided, the la.:est 5enefits in surviva1,are secn *:- a 10'F decrease in 

temperature, in practice temperature decreases 3f several degrees are 

difficult zo achieve through management changes. This limitation is due tc 

the large influence of air temperature on vater temperatcre. Further 

evaluation bj. tke Delta Salnon Team will quantify the cost of lovering 

temperatures by various means. 

We exo'lrage suggestions for improvement of the sno:: survival modei and 

;lan to refine it as additional data becomes available. 
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.A&'i~nndix 3 .  S t a t  1 s t  Lcal i n f o r m ~ i  ,n on  w h i c h  a n v t r o n m o n t r l  p a r s m a t o r a  v s r e  
c h o s a n .  

TERM COEFFICIENT t -STAT R-SQUARED ?-TEST 
------------ ----------- - - - - - - - - - ------ 

I .  Rod.  1 
A .  W a t e r  t t>rnpara1turu o n l y  

I n t e r c e p t  -2.853 -2.355 
Temp F r s a p o r t  0.17485 2.698 

C.398 7 . 2 9 3  
U. Number s m o l t s  p e r  pouild s n d l t s  o n i y  

I n t e r c e p t  i. LZJ 3.9'24 
S i z e  no,'# -0.015 - 2 . 5 7 6  

0.429 E . 2 7 2  
C .  W a t e r  t e m p e r a t u r e  and  number  sno1:s p e r  pound s m o l t s  

I n t e r l - e p t  -0.857 -5. SO4 - -enp Z r e e p c r t  0.029 1.3717 
S i z e  no /#  -3.00591 -1.588 

0.519 5.405 

11. Reach  2 
A .  W a t e r  t enpera :ura  o n l y  

I n t e r c e p t  -0.336 -0.903 
Temp F r e e p o r t  0.018 3.197 

0 . 6 8 2  10.224 
B .  SkiPeCT'? e x p o r t s  on?y 

I n t e r c e p t  0.516 3.891 
E x p o r t s  2. SC00412 1.510 

0.172 2.281 
C. I n t e r c e p t  -0.581 -1.737 

Temp T r e e p o r t  0.01793 3.779 
E x p o r t s  C.COO0418 2.279 

0.659 9.558 

::I. React.  3 
A .  Wa:er Tezpera:.xre a t  F r e e p o r t  o n l y  

I n t e r c e p :  -i. 767 -3.440 
Tenp T r e e p o r t  2.035 4.547 

r . 6 5 :  20.677 
B. l i d e  Phase i n d e x  o c l y  

I n t e r c e p :  0.298 ? . 5 9 i  
T i d e  0. $ 6 4  3.6C7 

C.542 13. L! 1 
C. ' d a t e r  :er.?crst;;e a t  F r e c p c r t  an2 T i d e  P h a s e  Index  

t e r c e p t  - 1 . 2 4 8  -2.520 
2r:np Fre r?o r* .  0.025 3 . 1 L i  
TI?? C . 0 2 6  2 . : , 5 1  

0 . 7 7 C  1 6 ,  7 2 ;  




