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Sacramento/San Joaquin Estuary Fishery Resource Office 

U . S .  Fish and Wildlife Service 

I. Introduction 

Work in 1991 by the Sacramento/San Joaquin Estuary Fishery 

Resource Office, was conducted to update and refine our knowledge 

of the factors influencing young salmon abundance, distribution 

and survival in the Sacraaento/San Joaquin Estuary. This 

information is being used to develop recommendations to water 

users and the State Water Resources Control Board on how impacts 

from the present operation of the Delta can be lessened. 

During 1991 special enphasis was placed on broadening our 

understanding of salmon srnolt survival through the San Joaquin 

Delta and specifically how a barrier in the South Delta at Upper 

Old River could improve San Joaquin salmon srnolt survival. 

Overall objectives of the Interagency Salmon Study are to: 



1 Monitor the abundance of fry and smolt chinook salmon 

rearing and migrating through the Delta. 

2 .  Determine the impacts-of water development within the 

Delta on the abundance, distribution and survival of juvenile 

fall run salmon. 

3. Identify management measures that could lessen the 

impacts of water project operations on salmon using the Delta and 

lower embayments of the Estuary. 

Elements of the Study in 1991 were: 

- continue our Beach Seining survey to estimate the 

abundance of fall run fry January through March as in past years. 

- continue our midwater trawl surveys in the North Delta 

(Sacramento) and Chipps Island to estimate the abundance of fall 

run smolts both entering and leaving the Sacramento Delta and 

Central Valley respectively. 

- Use mark and recapture studies to determine the survival 

of fall rln smolts under varied environmental conditions. 

Specific questions were: 

a. What is the survival of fish released in the 

Sacramento River under extremely low flow 

conditions and low temperatures? 

b. Where is the greatest mortality taking place in the 

South Delta? 



c .  Could a barrier placed at the  head of Upper Old 

River increase molt survival through the San 

Joaquin Delta? - 
d. What is the role of exports on survival kith 

and without a barrier in place? 

e. What is the inpact of bringing more water to the 

export pumps via Lower Old and Middle Rivers with 

such a barrier in place on both the Sacramento and 

San Joaquin basin fish migrating through the South 

and Central Delta? 

- Use data generated by the ocean fishery to confirm past 

conclusions based on trawl recovery information. 

11. Program Elements 

SACRAMENTO RIVER DELTA 

Fry Abundance 

Abundance of fall run fry in the North and Central Delta was 

extremely low during January - March of 1991, and the lowest we 
have observed since 1977 (Table 1). The 1991 North Delta data 

continues to support past findings that fry abundance in the 

North Delta in general decreases as inflow to the Delta declines 

(Figure 1). 



a 1. Ave rge catch per s e i n e   ha^ of Chinook salmon fry i n  
t h e  Northern and Central Delta and Lower Sacramento 
River,  January through Apri l ,  1977  through 1991. 

FALL RUN 

Northern 
Year 

Central 
p e l t a  

Lower 
Delta Sacramento 

32 

11 

25 

9 

18 

n = The number of seining s t a t i o n s  i n  respective 
areas  of the  Delta or Sacramento River. 

* = January through March sampling period. 

n s  = Not sanpled. 



Mean cgch pea seine haul 

Figlare 1. Maan chinook fry catch per seine haul In the North Delta 
versus mean Feburary Sacramento Rlver flow at Freeport. 
0 Outlier values were not used In regression calculatfon. 



In 1991 our abundance index in the Lower Sacramento River was the 

highest ever measured since the sampling began there in 1981. 

This estimate was.high mainly due to an unusually high catch of 

648 fry at one of our stations (Ward's Landing) on March 20. 

Catches in all areas of the Delta and at most stations increased 

during March after heavy storms and precipitation increased river 

flows around the 5th and 6th of March. Presumably the fry 

recovered in late March in the Lower Sacramento River area 

entered into the North Delta after our seining concluded on March 

22 or moved through the North Delta later in the season as 

smolts. 

The data appears to show that the majority of fall run salmon fry 

in 1991 remained and reared upstream until the flows increased in 

March (Figure 2). This conclusion is further supported by the 

change in mean size of salmon fry in our beach seining catches 

over time (Figure 3 ) .  Generally there were two fry populations 

present in 1991, with the first group entering the Delta with a 

slight increase in flow in early February, at an average size of 

about 3 8  millimeters. These fry grew to an average size of about 

53 millimeters by the first of March. The second group of small 

fry (also around 38  millimeters) entered the Delta after the 

large increase in flow in early March and increased in size to 

about 4 8  mm by the end of March. 



-Lower Sacramento 
*North and Central Delta 
- - -Sacramento River flow 

Figure 2. Chinook fry captured per seine haul during beach seining 
at three areas in the Delta and Lower Sacramento River in 1991. 
rdcrth and Central Delta catches were combined and averaged. 
Mean daily river flow was measured at Freeport from January 1 to 
March 24, 1991. 



Date 

Figrurs 3. Mean fork length of chlnook captured In all areas of the 
1991 Beach seining surwey. Winter-run chinook wera excluded 
from length calculations. Mean dally river flow was measured art 
Freeport [DAYFLOW). 



During February and March of 1991 about 11 million fry from 

Coleman National Fish Hatchery were released at various locations 

in the-tipper Sacramento River. It would bs helpful in 

understanding the behavior of both the ttnaturalm and hatchery 

fish if it was possible to separate out the two stocks in our 

sampling. In the future marking at least part of this production 

may help us to identify the "naturalo and hatchery components. 

It is very difficult to assess the absolute abundance of fry 

within the Delta and their relative.significance to the total 

production of the Central Valley. From December of 1991 until 

June of 1992 a pilot program will be initiated to answer this 

question by indexing all the fall run production (both fry  &:id 

smolts, concurrently) moving into the Sacramento Delta over the 

course of the  season. B y  estimating the number of fry and 

smolts passing by Sacramento over the  entire season, and by 

estiaating the differential survival between smolts and f ry  we 

will attempt to determine the significance of the Delta on each 

life stage. 
-- 

Fry Survival 

Durinq i991, no marked fry were released in the Delta in order to 

increase the number of marked smolts available for release during 

A p r i l  and May. However, ocean recovery rates from fry released 

ir past y e a r s  are providec' i n  Appendix 1 .  



Smolt Abundance 

Abundance at Sacramento - 

In 1991, a fourth year of trawling in the North Delta was done on 

the Sacramento River about five miles downstream of Miller Park, 

the same site used in 1988 and 1989. The sampling site in 1990 

was near the town of Courtland, about 21 miles closer to Chipps 

Island, than the Miller Park site. 

Approximately ten, 20 minute tows were made 3 times per week 

between April 15 and June 12 to index the number of srnolts 

migrating into the Sacramento Delta. 

- 

The annual mean (fish per 20 minute tow) of salmon smolts passing 

Sacramento in 1991 was 41.6, about one-half that observed in 1988 

and 1989, but greater than that observed in 1990 (Table 2). We 

would perhaps expect to see a greater number at Sacramento than 

at Courtland (1990 trawling site) because the fish experience 
- 

some mortality as they migrate downstream from Sacramento to 

Courtland. We also believe that the estimate in 1990 was low 

because we inadequately sampled the Coleman fish as they were 

passing Courtland that year. 



Table 2 .  Mean catch o f  salmon smol t s  per 20 minute tow at 
Sacramento during A p r i l  through June of 1988 
through 1991 and a t  Courtland i n  1990. 

Yea_r Awxil kkY June Annual Mean P/ 

1991 59.3 60.9 4.8 41.6 

1990 26.3 43.3 10.9 30.7 

1989 22.0 137.3 6.4 80.0 

1988 27.4 208.4 4.8 80.1 

1/ Annual mean = Index f o r  April, May, and June 
divided by 3 



This would indicate that in general, smolt abundance in 5993 wae 

less than in the last few years. Considering both low Sacramento 

basin escapement in the fall of 1990-and the continued drought 

conditions this is not surprising. 

In 1991 we estimated the absolute abundance of smolts passing 

Sacramento, based on the efficiency of our trawl and the number 

of unmarked fish caught in our trawl during our sampling season. 

We estimated t%e efficiency of our trawl by recovering fish in 

our Sacramento trawl that were released at ~iller Park. Although 

we only released two groups at Miller Park in 1991, We actually 

used four unique tag codes (two codes per release group). O u r  

efficiency estimates are based an the recovery of the two tag 

codes released at Miller Park on ~ p r i l  25. We restricted 

ourselves to these two codes because our sampling effort was not 

as great for the group released on the 29th. 

Recoveries were only used that occurred on the 26th of March aad 

we assumed the majority of fish were vulnerable to our trawl on 

that dcy. 

We also took into account our sampling effort (180 minutes) on 

March 26, which was 12.5% of thz total number of minutes that day 

( 1 4 4 0 ) .  Dividing the number of fish recovered from each tag 

group by y, where y = the number released times the fraction of 



time sampled ( . 1 2 5 ) ,  we estimated the efficiency of the 

Facramento trawl to be . 0064 .  

Following the same methodology we used for expanding our Chipps 

Island catch (Appendix 12, p. 125, USFWS Exhibit 31, 1987) 

results in an absolute estimate at Sacramento of around 33 

million smolts. 

This is the first year we have made these estimates. However, if 

you assume the efficiency of our trawl is the same between years, 

it would be possible to estimate absolute estimates for past 

years. 

Additional efficiency work is also warranted to confirm our 

absolute abundance estimates. 

Because there is considerable variability in our catches between 

days at Sacramento, sampling only 3 days per week may not be 

adequate to estimate absolute numbers. We have been limited by 

the numbers of available Interagency boat operator personnel and 

are exploring the possibilities of obtaining a smaller trawling 

or push net vessel to use at Sacramento that both our boat 

oaerator staff as well as biologists could operate. 

The distribution of fish recovered at Sacramento in 1991 is shown 

in Figure 4. We found a greater percentage of the total 



4/29 611 3 5/27 611 4 
618 6/20 813 

Date 

Figure 4. Catch per 20 minute tow of unmarked smob passing at 
Sacramento and Chipps Island in 1991. 



production migrating in April (Table 3) than in past years and is 

undoubtedly due to approximately 6 million 8m0lt8 released at 

Princeton between April 22 and May 6 .  The peak of these hatehery 

fish were observed on April 29 and was 409.8 fish per 20 minute 

tow. 

Knowing when the peak influx of smolts enter the Delta is 

critical to evaluating the benefit of varied salmon protective 

measures and to scheduling implementation of the measure. 

It was interesting to note that a total of 8 CW1/2T smolts were 

recovered at Sacramento that were released as fry on March 4 and 

8 at Coleman National Fish Hatchery and Red Bluff Diversion Dam, 

respectively. We recovered them between April 15, our first day 

of trawling at that site for the season and May 3, which would 

indicate that perhaps some of these fry had migrated past our 

trawling site before April 15. Additional sampling at Sacramento 

in 1992 may allow us to better track when up river reieased 

marked fry are moving into the Delta and perhaps estimate 

survival for them as a group. Inferences could also be made 

about the survival of unmarked fry released from Coleman NFH and 

their relative contribution to the production. 

Abundance at Chipps Island 



Table 3. Distribution (percent) 2f total midwater trawl catch of 
Chinook  molts by montl, at Sacramento from 1988 through 
39-91 and a t  Courtland in 1990. 



The mean catchlper 20 minute tow at Chipps Island for April, May 

and June of 1991 was 14, 72 and 12, respectively. The annual 

index was 12.5. The lowest index observed since 197-&was 10 in 

1984 and the highest was 48 in 1983. 

The annual index in 1991 was lower than that obtained in 1989 and 

1990 (19 and 20 fish per tow, respectively) and similar to that 

obtained in 1988 (12 fish per tow). All four years have been dry 

or critical water year types. 

The comparison of indices at Chipps Island and Sacraments in 1989 

and 1991 supports the conclusion that abundance at both sites was 

lower, by about half, in 1991 of what it was in 1989 (Table 4). 
- 

The catch distribution over time at Chipps Island also is 

provided in Figure 4. The majority of fish passed Chipps Island 

in May (72%) and the least in June (12%) (Table 5 ) .  In June of 

1990 and 1991, we had more outmigrants passing Chipps Island than 

we had in recent past years. Temperatures in early June of 1990 

and 1991 were somewhat more favorable (66OF and 68OF, 

respectively for June 4th of both years) and may have allowed the 

protracted migration to occur. 

Since 1985, we have found a smaller percentage of the annual 

number of outmigrants in June and a greater percent in April 

(Table 5 and Figure 5). This cay be due to the fact the warmer, 



Tabla 4.  Smolt Abundance indices at Sacramento and - Chipps . Is land from 198" t o  1991. 

* Actual sampling site was Courtland in 1990. 



Table S. ~istribution (percent) of total midwater trawl catch of 
chinook smolts by month at Chipps Island from 1978 to 
1991. 

Year APril June 



-April , May - June 

Figure 5: Percent cf Chipps Island Catch by month between 1978 to 1991. 



drier years which account for 6 out of the last 7 years, cause 

fish to grow faster and thus migrate out sooner, or'perhaps the 

fish that historically mfyrated later are having high mortality 

and thus have been genetically removed from the population. The 

primary reason appears to be that the mass release of Coleman 

hatchery fish beginning in 1 9 8 5  shifted the hatchery release 

schedule to earlier in May and in 1991 to late in April. 

Absolute Smolt Production 

We estimated the total number of fall-run smolts passing Chipps 

Island from April through June in 1991 to be about 17 million 

(See Appendix 12, p. 125, USFWS Exhibit 31 for methods), which 

was ssaewhat less than that estimated in 1989 and 1990 (21 

million). Average efficiency of the Chipps Island trawl for years 

1380 to 1984 was .0055. This value is used in calculating 

absolute abundance and compares to a value of .0068 for the 

Sacramento trawl. 

Since our sampling at Chipps Island began in 1978, we have found 

our lowest measure of absolute smolt abundance in 1984 (12 

million) and the highest measure in 1983 (53 million). If our 

estimate of smolt survival to adult in the ocean fishery is 

approximately 2% then the number of adults in the ocean fishery 

from the 1991 Central Valley juvenile outmigration would be 

around 340,000. Between 1980 and 1390, Central valley stocks 



have averaged 365,000 fish in the ocean fishery (Central Valley 

Salmon and Steelhead Restoration and Enhancement Plan, 1990). 

Fall run accounts for about 80% of the total Central Valley 

escapement (Central Valley Salmon and Steelhead Restoration and 

Enhancemsnt Plan, 1990), (Appendix 2), thus we would estimate 

that about 300,000 of the ocean catch was from fall run stocks. 

However, our estimate at Chipps Island does not include any 

juveniles reared at Feather and American River hatcheries and 

released downstream of the Delta, thus we are either 

overestimating the number of juveniles at Chipps Island or the 

survival rate in the ocean is actually lower than estimated. 

Ocean recovery estimates for fish released at Port Chicago has 

ranged between . 3  to 3 percent from 1978 to 1988 reflecting the 

full variability (Appendix 3). 

It is important to note that releasing hatchery fish downstream 

of the Delta since the early 80's has allowed escapement back to 

the American and Feather Rivers to be relatively stable over time -- 

(Appendix 4 and 5). Only the first 2 years (1987 and 1988) of 

the 6 year drought has been exhibited by the generally lower 

returning adult populations in 1989 and 1990. 

Coleman National Fish Hatchery has been able to increase their 

production which is reflected by the larger returns to Battle 

Creek in the last few years (Appendix 6). The Sacramento River 



naturally spawning populations are experiencing significant 

reductions in escapement and production since the 1950es and 60ea  

(Appendex 2 and 7 ) .  

Smolt Survival-Unmarked Fish 

Our trawling at Sacracento began on April 15 and we estimated a 

total of 33 million smolts at that site. We also estimated 17 

million smolts at Chipps Island and if we assume very few of the 

saclts at Chipps Island are the result of fry rearing in the 

Delta (substantiated by our low North Delta beach seine index), 

and few are the result of production in the San Joaquih basin, 

then we estimate average survival through the Delta for the 

season to be 52 percent. 

Most likely very few of the smolts recovered at Chipps Island 

vere from the San Joaquin basin as the 1990 escapement in the San 

Joaquin Sasin accounted for less than 1 percent of the total fall 

run Central Valley escapement (Appendix 8). - - 

nKaturalls Smolt Migration Rzte 

~igration rate was estimated in 1991 for the unmarked "naturalw - 
snolts migrating from Sacranento to Chipps Island. We estimated 

that the unmarked ltnatural" smolts migrated between those two 

locations at about 5.5 miles/day. This was calculated based on 



the early appar,ent peaks at Sacramento en 4/22 and st Chipps 

Island en 5/3 (Figure 4 ) .  

Unmarked Hatchery Smolt Migration Rate 

About 6,600,000 unmarked hatchery smolts were released at 

Princeton between 4/22 and 4/29 and on 5 / 6 .  We observed a large 

peak of unmarked fish at Sacramento on ~pril 29 and a peak at 

Chipps Island on May 6. This translates to a migration rate of 

8.5 miles per day. This is similar to that measured in 1990 and . 

slightly slower than for groups released in 1988 and 1989 

(Table 6). 

Marked Hatchery Sidolts 

The peak of the marked group of fish released at princeton on I 
May 2, was recovered at sacramento and Chipps Island 5 and 9 days 

after release, respectively. This would yield a migration rate I 
of 15 miles per day from Sacramento to ~hipps Island. It is 

unclear why the unmarked hatchery fish would migrate so much 1 
slower than the marked fish. Most likely the two groups migrated 

at similar rates and that the peak we observed at Chipps Island I 
for the unmarked hatchery fish may have included some "naturalw - 
fish and thus biased our estimates low. Even at 15 miles per day, I 
migration rates for the unmarked hatchery fish were slower in 

I 



Table 6. Migration Rates (milos/day) for unmarked @InaturalN and 
hatchery fish migrating through the North Delta frsm 
Sacramento to Chipps Island in 1988, 1989 and 1991 and 

- from Courtland to Chipps Island in 1990 and mean 
Sacramento River flow at Freeport during migration. 

Year 

1991 

1990 

1989 

x s e  

blear1 ( A - J )  Unmarked Mean 
"NaturalM Ss: flow t t H a t c h e r ~ w  Sac Flow 



1991 compared to 1988 and 1989. Estimates for the 14naturaln f." qh 

also are slower than in past years when our trawling site was at 

Sacramento (Table 6). - 

Flows were extremely low in the Sacramento ~iver at Freeport 

during 1991 during migratim for both the wild and hatchery fish 

and may have caused the decrease in the 1991 migration rates. 

Past data from 1988 and 1989 also seems to confirm that lower 

flows decrease the migration rate through the Sacramento Delta. 

In the four years that we have measured the migration rate of 

Coleman hatchery and llnaturallt fish in the North Delta, we have 

found that hatchery fish tend to migrate substantially faster 

than the wnaturallt fish. There are several reasons why this may 

occur. Possibly the fish migrating in-the large hatchery group 

tend to migrate together as a group and thus arrive sooner to 

Chipps Island than the tfnaturaltl fish. Also there may be a 

stimulating effect by releasing the fish into the wanner water of 

the Delta in comparison to that of the hatchery or transport 

truck. Generally, more of the fish released from the hatchery 

are of smolt size and cctively migrate whereas the ltnaturalW fish 

may be somewhat smaller and their migration slower. 

In reality, it is very difficult to accurately measure the 

migration of "naturaln and unmarked hatchery fish migrating 

through the Delta. The method we have used is very simplistic 

and is based on number of days between the peak catches at both 



locations. The results should be viewed with caution until 

hatchery and natural stocks can be separated with a high degree 

of confidence. 

Coleman Hatchery Smolt Contribution 

We estimated that smolts released at Princeton from Coleman 

National Fish Hatchery survived at a rate of . 4 5  between 

Sacramento and Chipps Island, based on comparisons of survival to 

Chlpps Island and Sacramento of a coded wire tagged group of 

smolts released at Princeton (Table 7). (This compares with 

estimates of .64 and .69 for the Red Bluff and Battle Creek tag 

groups, respectively.) We also estimated a 79 percent survival 

rate between Princeton and Sacramento for the Coleman production - 

released at Princeton. Given that our survival estimates are 

reasonable we estimate that about 5.1 of the 33 million fish 

(about 15%) recovered at our Sacramento trawl site, and 2.3 

ciilion of the 17 million (about 14%) estimated at Chipps Island 

vere srnolts of Coleman origin. 

TD f u r t h e r  Coleman's total contribution chinook 

production in the Central Valley we need to include the smolts 

derived from fry released from Coleman NFH. For CNFH fry and 

snolts released at Red Bluff Diversion Dam in 1987 and 1988 we 

estimated that smolts survived an average of three times that of 

fry (a 1 to .29 smolt to fry ratio), and if that is similar to 



Tab12 7. Survival estimates to Sacramento and Chipps Island for fish released at 
Battle Creek, Red Bluff and Princeton. Survival was a l s o  estimated 
between Sacramento and Chipps Island f o r  the  three  groups. 

Date Survival Surviva 1 
Code Released Site -- Released a t  Chip= - a t  Sacramento .--- 

5-1-11-1-13 Battle Creek 4/30 . 2 0 5 8  , 3 0 7 7  

5-1-11-1-12 Red Bluff 5/01 .3526 .5516 

5-18-45 Princeton 5/02 . 3 5 5 6  .7865 

5-18-47 

5-18-48 

Estimate 
of+survival 

ween 
Sacramento 
& Chivps IS. 



the eurvival rate of fry in 1991 than the 11 million fry ~olenan 

planted in Februarv and March of 1991 would equate to about 3.2 

million smolts. This would increase ColemanOs contribuaon to 

the overall production at Sacramento to be about 25%. 

Winter Run Recoveries 

One juvenile salmon within the winter run size criteria (revised 

criteria by Frank Fisher, CDFG-Red Bluff, 2/26/92) was caught in 

our beach seine sanpling in 1991. It was 95 mm and was recovered 

at Elkhorn (Lower Sacranento River area) on Pllarch 6. 

Becween April 15 and May 20, we recovered 11 juvenile salmon in 

our Sacramento midwater tray1 that were in the winter run size 

criteria, which ranged betxe2n 101 a ~ d  155 millimeters. 

In our nidwater trawl at Chipps Island, 25 fish within the winter 

run size criteria were collected between April 2 and May 24. 

They ranged in size bevdeen 100 and 178 millimeters. 

Ail winter run fish that were collected were measured and 

sronptly returned to the river. 

In 1991, 5 out of a total cf 946 coded wire tagged smolts were 

recovered at Chipps Island that were also in the winter run size 

criteria, which were lcno;~n fall run hatchery fish. The fall run 

fish ranged between 110 and 115 millimeters and were kept for tag 



recovery and decoding purposes. This illustrates the problem of 

only using, size to determine what is a winter run fish. With 

tkAs  more recent winter run criteria there was substantially less 

overlap with our marked fall run fish than we estimated with 

previous criteria (January, 1992) (5 versus 72) . 

Coded Wire Tagged (CWT) Survival- North Delta 

In 1991, the Interagency salmon program released two groups 

(100,COO per release group) of coded wire tagged fish into the 

Sacramento River. Both groups of fish were released in late 

April at Miller Park (site 1 on Figure 6) to evaluate the effect 

of very low flows under low temperatures on smolt survival in the 

- Sacramento Delta. 

Recoveries of the tagged fish were made by daily midwater trawl 

sampling at Chipps Island and at the CVP and SWP fish facilities. 

Recoveries at ~hipps Island were converted to sur*'ival indices 

and facility recoveries were expanded to account for the fraction 
.. ~. ~. - 

of time sampled to estimate the total number of marked fish 

passing through the salvage facilities. Additional recoveries 

will be made in the ocean fishery in future years. 

Releases were made in 1991 on April 25 and 29 at the same release 

temperature (62 degrees fahrenheir), and resulted in a survival 

index of .78 and -49 respectively (Table 8). Flows at Freeport 



Figure 6. CWT salmon release sites and trawling locations used in 1991. 

.$ 1 



TABLE 3:  CHIPPS ISLAND TAG SUMMARY, SURVIVAL CALCULATIONS AN0 EXPANDED F I S H  FACILITY RECOVERIES FOR COOED WIRE TAGGED F I S H  RELEASED IN 1991. 

EXPAWED 
ESTIMATED F I R S T  DAY LAST DAY WBER RECOVERED 

CClDE SITE DATE TEMP RELEASED S I Z E  (MM) RECOVERED SAMPLED SURVIVAL SURYiVAL RECOVERED RECOVERED CVP SUP 
=11==1;;=1;11====z==I:=T='==T-======s============~=~============s=========~=~====z~=~=~===~====z====z============~=================~~=========~~~===x== 

H6-01-16-02-07 MILLER PARK 4/25 62 51392 80 35 0.1389 0.637 01-May-91 06-nay-91 0 8 

H6-0i-16-02-08 MILLER PARK 4/25 62 51272 83 50 0.1389 0.913 30-Apr-91 00-May-91 0 0 

TOTAL , 102664 85 0.1389 0.775 30-Apr-91 09-May-91 

H6-01-14-02-09 UlLLER PARK 4/29 62 53430 81 21 0.1371 0.373 27-Apr-91 16-nay-91 0 0 

H6-31-24 HILLER PARK 4/29 62 54158 79 34 0.1349 0.605 04-May-91 10-nay-91 0 1 

Total I 107588 55 0.1371 0.485 27-Apr-91 16-May-91 

San Joaquin Releases - Apr i l  

H6-01-1L-01-14 DOS R E l S  4/15 

H6-01-14-01-15 00s R E l S  4/15 

TOTAL 

Hb-01-14-02-01 BUCKLEY COVE 4/16 

H6-01-14-02-02 BUCKLEY COVE 4/16 

TOTAL 

H6-01-16-02-03 EWPIRE TRACT 4/17 

H6-01-14-02-(# €WIRE TRACT 4/17 

TOTAL 

H6-01-14-02-06 JERSEY POIHT 6/19 63 52139 82 94 0.13E 1.705 20 276 23-Apr-91 17-nay-91 



' 4 5 - E  8 i tc-r . - . .?dl:  C l l l F F S  ISLAND T A G  SllMMAPY, SURVIVAL CALClJl ATIONS AND f XPANOED F l S H  F A L l L l T Y  RECOVt R l t : ,  F C W  CffrF!, UiPE TA:C,FD F I S H  RELEASED I H  1%'. 
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for each group, on the day of release were 7220 and 5760 c f s  

respectively and may account in part for the greater survival we 

observed from the April 25 group. As mentioned earlier - 

increased flows may increase the migration rate which in turn may 

increase overall survival. Additional analyses is warranted on 

the role of very low flow on the survival of salmon migrating 

through the Sacramento Delta. 

Combined exports at the CVP and SWP on April 25 and 29 were 4810 

and 4686 cis respectively and would not appear to account for the 

greater survival we observed from the first release group. The 

Delta cross channel was open during both releases. Sampling 

variability alone potentially could account for the differences 

in survival we saw for the two groups. - 

In 1991 a total of 9 marked fish, expanded for the fraction 

sampled (8 and 1 from the April 25 and 29 releases respectively) 

were recovered at the fish facilities from coded wire tagged fish 

released at Miller Park into the Sacramento River. This 
.. 

translates to .004  percent of the total number released of the 

Sacramento groups. Although this percent is low many more fish 

are potentially lost due to the various indirect impacts of tne 

pumps before they reach the actual salvage facilities. 



Model Verification 

When using our smolt survival model (Kjelson et al., 1989) to 

predict survival through the Delta given the environmental 

conditions in 1991, we found that our model predicted survival 

for the April 29 group very closely, but underestimated the 

actual survival index observed on the 25th (Table 9). 

Observed estimates of survival were divided by 1.8 to approximate 

actual survival as was done in the development of the Kjelson et. 

al., model. 

Model estimates of annual survival between April and June 

averaged .28 .  This compares to our . 52  based on the number of 

salmon caught throughout the season and an average estimate of 

net efficiency. However, in our model we had to divide all our 

estimates by 1.8 to obtain survival indices between 0 and 1 and 

if we similarly divide our observed annual estimate by 1.8 we 

estimate smolt survival through the system - to be .29.  

It nay be necessary to divide all our abundance indices and 

estimates at Chipps Island by 1.8 to make comparisons between the 

model and our observed values compatible. 

However, the difference between our original .52 annual estimate 

and the one generated through our model may be accounted for by 

smolts migrating past Chipps Island that were not sampled at our 



Table 9. Predicted versus observed survival.estimates and flow, temperature and 
combined CVP and SWP exports on release date for CWTfd fish released 
in the North Delta in 1991. 

Release Release 

Flow at 
Freeport 
Release 

4/25 ( Sacramento 1 . j 8 / 1 . 8 0 = . 4 3  - 2 9  7 2 2 0  1 I 



MEW PAGE 37 REPLACE IN TEXT 

Sacramento trawl, because they entered the Dalta as fry before 

our' Sacramento trawling began in April. In addition some of the 

smolts may have originated in the San Joaquin basin end thus 

biased our survival estimate high. 

In May of 1992, the model was rerun incorporating new data 

generated since the original model was constructed in 1989. .The 

equations changed somewhat, but the variables within in the model 

(temperature, exports and the percent of water diverted at the 

Delta Cross Channel and Georgiana Slough) did not change. The 

new equations are as follows: 

Mortality in Reach 3 (Walnut Grove to Chipps Island via the 

Sacramento River) 

y= -1.613493 + (Freeport temp. * 0.0319584), A.39 

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

Central Delta) 

y= -0.5916024 + (0.017968 Freeport temp.) +(0.0000434 * 
Exports) , r2=. 69 

Mortality in Reach 1 (Sacramento to Walnut Grove) 

y= -2.45925 * (0.0420748 * Preeport temp.), &.32 

These new equations have not been used to generate any estimates 

of srnolt survival in this report. 



' *  I 

Smolt ~igration Rat. 
L , ,. 

Our estimate6 of umolt migration rat.8 of CWT fish ra18amad a t  

Sacramento on April 25 and 29th, in 1991 was 7.5 and 8.6 mil.. 

per day, respectively and was similar to other groups relaasad 

from Sacramento in the previous three years (Table 10). 

Migration rates in 1991 for CWT groups released at Sacramento may 

have decreased because the flows were low and temperatures were 

favorable. 

Ocean Recovery data from past experiments 

Most of the conclusions generated from our salmon work have been 

based on tag recovery information obtained vith our midwater 

trawl at Chipps Island. In order to confirm these conclunions it - 

is necessary to wait 3 to 4 years to obtain information via adult 

recoveries made in the ocean iishery. The nocean index of 

survivaln is based on the recovery rates of the marked fish in 
- - - - -.- 

the ocean fishery. For example the estimates of survival through 

the Delta are based on the differential recovery of the upstream 

release site (usually Sacramento or Courtland) and a group 

released in the Western Delta (Port Chicago or Benecia). The 
- 

latter group serves as a control and factors out the influence of 

the Bays and ocean residence. 



Table 10. Summary of migration rates (mile8 per day as 
estimated from CWT salmon released at 8acramaanto 
and recovered by trawl at Chfpps Islaad fram.1988 
to 1991. Freeport flow is the mean daily flow in 
cfs during the migration period to Chipps Island. 

Year 
Migration Rate Flow @ Fresport 
1- - 



Since 1978, we have boon releasing fimh near 

later yeare at Courtland to estimate survival 

Figure 7 shows how our ocean index of survival thro g h h a  Delta 

compares with our trawl index of survival. The two indicee are 1 
significantly correlated to each other which in turd lends 

credibility to both indices for measuring survival ( ppendix 3 C 
and Appendix 9). It is uncertain why both indices af times 

estimate survival over 1 but could be due to the sam ling error 1 
and variability associated with both sampling method . + 
To date, we have determined that fish diverted off eir main "1 
migration path into the Delta cross channel and ~eordiana Slough 

have much higher mortality than those allowed to mi+ate down 

the main Sacramento River. Coded wire tagged fish re eased above I 
the cross channel and Georgiana Slough with the cross channel 

gates open survived about twice that of those release with the 

gates closed (Tables 11 and 12). We found similar di ference t 
survival. 

-. . 

using both our trawl (3.4 to 1.6) and ocean (2.2 to 

In addition, the difference in survival of fish releas d above L 
1.2) index of 

versus below the Cross Channel with the gates closed, s due to i 
the diversion impact of Georgiana Slough alone. The d fference 1 

4 between being diverted into ~eorgiana versus being all wed to 

stay in the main channel, is greatest using our trawl stimate (1 

to 1.6) but is confirmed with the ocean index (1 to 1.2). 1 



TRAWL SURVIVAL INDEX 

Figure 7: Survival through the Delta for fish released at Miller Park, 
Sacramento and Courtland (gates open and closed) as indexed by our 
trawl and ocean index from 1978 to 1989. 



Tab la 11. Comparironr of tha aurvival indiaiar (&) tor GWT 
chinook rmoltr relaaead in tha Srarananto Rivrr above 
and below the Delta Crosr Channel and Gaorgiana 
Slough diversion channel8 betwean 1983 and 1989. 

Cross 
Open 

Channel 

Cross Channel 1983 
1987 
1988 
1988 

1 7 
2.3 
1.9 
2 . 2 
1.8 

17.0 
1 4 
1.4 
0.8 
Ave. = 3.4 

1.06. 1.33 1.3 
0.67 0.85 163 
0.70 0.94 1.3 
0.17 0.40 2.4 

Ave. = 1.6 

1/ Courtland Site (3.S miles above Walnut Grove) - 

2 /  Ryde Site (3.0 miles below Walnut Grove) 



a 1 :  Ocaaa Racovarp ratam for f irh  ra2aar.d &ova &ad 
balow the Dalta atorr chamam1 ~d O.orgLarra Ilough~ 

-tor 1983-1989 with and without the ororr ohanaal 
gatar elomad. Zha rat io  batwarn Abovm and Iklow 
arm a110 sho~l l .  



Both our trawl and ocean data support8 our previou8 conelumionm 

that their would be substantial benefit. to migrating Saaramento 

salmon smolts if both the cross channel and Georgiana Slough were 

closed. This is a potential structural method for increasing 

salmon smolt survival through the Delta. 

Other variables significant to Sacramento smolt survival are 

included in our model (Kjelson et. al., 1989). Since our ocean 

survival index corresponds so closely to our trawl index, general 

conclusions probably would not change. It is more difficult to 

use the ocean index of survival in our model as we do not have 

control groups for releases in each of the three reaches 

identified in the model. We hope to rerun at least part our 

model at a future date using our ocean indices of survival to - 

validate our conclusions. 

SAN JOAQUIN DELTA 

Past coded wire tag data generated since 1985 has shown in 

general that fish released in the San Joaquin River downstream of 

the Upper Old river junction, survive about 50% greater than 

those released into Upper Old River (Table 13), as demonstrated 

by both ocean and trawl data. This infers that any natural 

smolts diverted into Upper Old River would have greater mortality 
' 

than those migrating down the mainstem San Joaquin. A full 



CWT .malt murvival lndlcoa tor m a l t 8  rolearod at  
Dor Roir on tho main 8an JoaqUin Riwr and in  U p p a t  
Old Rlvor botwen 1988 and 1991. Oooan recovory 
ratom at0 in paronthorir. 

Wppor Old Riwr 8utviv.d t o  - - 
4-21-89 (High 

Export ) 

5-03-89 (LOW 
Export) 

4-17-90 (High 
Export ) 

5-13-90 (LOW 
Export ) 

Temperature 
Flow at CVP h 8WP on Relean 
ljtockton n - 

4-22 and 4-23, 1982 **. 70 7861 5598 6 5 

4-20-89 (High 
E r c p o r t  ) 

4-16-90 (High 
Expo* 

5-02-90 (LOW 
Export ) 

4-15-91 (High 
Expo* 

Mean (85-87, 89-90) .24 

11 5 day average8 a f t e r  releaee date. 

Original eurvival eetimate modified baeed on t h e  r a t i o  of recovery r a t e s  
between the  Doe Reie and Upper Old River releaees.  

* *  Original eurvival eetimate modified ( . 6 0 )  baeed on t h e  r a t i o  of recovery rbtem 
between t h e  Doe R e i n  and Merced River releame. 



barrier has been propoaed for installation into the head of Upper 

old River as a management alternativm to improve fall run saolt 

survival down the San Joaquin River. This would force a11 of the 

migrating salmon down the mainstem San Joaquin and prevent them 

from being diverted into Upper Old River and directly towards the 

State Water Project (SWP) and Central Valley Projects' (CVP) 

pumping plants (Figure 6). 

Modeling Efforts in 1991 

During the scoping phase of the Bay Delta Water ~uality/Water 

Rights hearings we were asked to model the potential benefits to 

salmon smolts migrating through the San Joaquin Delta of a 

barrier at the head of Upper Old River under different flow and - 

export conditions. For comparison purposes we also needed a 

model to represent conditions and smolt survival without the 

barrier. Two separate models were derived to use with the BWR 

hydraulic operational studies to estimate the benefits and costs 

of installing a full barrier at the head of Upper Old River. This 

section will summarize how these models were constructed. 

The model estimating smolt survival without the barrier was 

derived using past adult escapement data from the San Joaquin 

basin because we did not have adequate smolt survival data to 

develop meaningful relationships. Adult production is generally 

representative of smolt abundance 2 1/2 years earlier. In our 



analy8e6 we asrumad that smolt survival war an indiartor of amolt 

abundance and it was linearly ralatad to adult produotion. Thi6 

assumption is generallytrue am less of -6 overall natural 

mortality occurs after the smolts enter the ocean. 

The index of adult production that was used in our analyses wae 

defined as adult escapement in year i divided by parental 

escapement in year i-3. The index also was adjusted to reduce 

high escapement contribution by grilse salmon (Bill Loudemilk, 

Region 4- CDFG, unpublished draft report, 1988). 

In order to relate adult production to molt survival we divided 

each adult production index (api) value by 12 to get values into 

a typical smolt smvival range of between 0 to 1. The adult 

production index from 1969 to 1986 ranged between - 2  to 11.09. 

Consequently the smolt survival index for the years 1967 to 1984 

(year i-2) ranged between -017 to .924. 

The smolt survival model was used in conjunction with 
- - 

California's Department of Water Resources0 operational studies 

to reflect flow and export conditions under different levels of 

demand and resulting salmon smolt survival in the San Joaquin 

Delta without the installation of a barrier. Inflow and exports 
- 

were the hydraulic conditions experienced by the juveniles during 

their outmigration. 



A multiple regression analyses was conductad on rrnolt rurvival 

data from 1967 to 1984 (not including 1979) using Vornalis flow 

(mean daily flow from March 15 to June 15), combined CVP and SWP - 
exports (mean daily exports from March 15 to June 15). 

The multiple regression was significant (p< 0.01) and the 

adjusted r squared was .80 (Figure 8). The data in 1979 (year 

i-2) was not included as it was an obvious outlier. This was the 

relationship used to evaluate the effects of flow and exports on 

salmon smolt survival without a barrier (Figure 9). 

In order to estimate the benefits on smolt survival of varied 

export and flow conditions vith a barrier another model was 

developed. - 

In several years since 1985, coded wire tagged experiments have 

been conducted to evaluate the difference in survival between 

smolts released into Upper Old River and into the main San 

Joaquin River at Dos Reis. Since Dss Reis is downstream of the 

junction with Upper Old River it served as our best and only data 

to estimate survival of smolts migrating down the San Joaquin 

River with a barrier in place. We have noted in past years that 

fish do get pulled upstream and are diverted into Upper Old River 

to the pumps, thus our estimates of survival to Chipps Island 

from Dos Reis are probably biased low. 
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Our data wae limited to 8 data points (1982, 1985-1907 and 1989 

to 1990) 80 otandard multiple regression analyses wae not 

possible. In a linear regression, amolt survival (Fr-Pos Reia 

releases) was correlated to flow at Stockton and a r squared was 

obtained of .477 (Table 13). Although this is not significant at 

the .95% confidence level, it was significant at the .90% level. 

We also believed that export levels affect smolt survival and but 

we could not detect a relationship, possibly due to our data set 

being so small. Theoretically we desired to estiaate the change 

in the survival-flow relationship for various export levels. The 

historical data was obtained when combined CVP and SWP exports 

averaged 6000 cis (range between 2,400 and 10,200). We 

hypothesized that a similar relationship with flow probably would 

exist at other export levels and only the intercept of the 

relationship would change. 

The range between bands in the relationship without a barrier 

varied b:-. about .10 survival units per 2000 cfs increase in 
-- 

exports (Figure 9). We have theorized that exports would not 

have as great an effect on survival with a barrier as they would 

without a barrier because the fish are further downstream where 

there is more tidal influence before they encounter channels 

diverting water south towards the pumping plants. This 

hypotheses affected the relationship by narrowing the bands 

between export levels at any specific flow level. 



Data in 1989 and 1990 also supports a narrower band, as the 

difference in survival ratios of the Doa Reis group divided by 

- the Upper Old River group in those years, between high (- 16,000 

cfs) and low export ( -  2000 cfs) at generally low flab levels at 

Stockton (0 to 800 cfs), indicated roughly a doubling in smolt 

survival ( .05 units) not a quadruple change ( .1 units) . 

There is risk with relying on the 1989 and 1990 data, as the 

results were so low they may not be representative of the true 

relationship between smolt survival, exports and flow. However, 

it was the best available data and thus we used it along with our 

best professional judgement. We estimated that the constant of 

the linear regression would change by . 05  units of survival for 

every 2000 cis increase in exports (Figure 10). 

We supplied the SWRCB our best estimates of the potential 

benefits to San Joaquin smolt survival under different 

environmental conditions using a barrier at the head of Old 

River. However, it is quite apparent there is a need to 

neasure survival under different conditions with the actual 

barrier in place to fully understand the benefits and costs of 

such a xeasure. 

South Delta CWT Experiments 

Although there was an effort in April of 1991 to install the 

5 2  
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Upper Old River barrier for testing purposes, it was 

unsuccessful. An attempt is baing made to install it in 1992 to 

evaluate its impact on smolt survival under different export 

conditions. 

Our 1991 coded wire tag smolt survival experiments in the South 

Delta were designed to measure smolt survival during periods of 

high and low exports. Our releases were made in an attempt to 

assess the changes in survival due to the increased flow of water 

(and pr.esumably fish) towards the pumping plants in Old and 

Middle River and Turner Cut which would occur if a barrier was 

present and exports were not curtailed. Potentially, this 

increase in flow towards the pumps could increase downstream 

mortality and needs to be weighed against the benefits of the 

barrier, to assess its net value. 

Additional groups of fish also were released at .Jersey Point on 

the lower San Joaquin River to evaluate the effect of reverse 

flows on smolts migrating through the Wester~ delta. 

Groups of coded wire tagged fish were released on the mainstem 

San Joaquin at Dos Reis, Stockton-Buckley Cove, Empire Tract and 

Jersey Point and in the Lower Mokelumne at Lighthouse Marina (see 

sites 2, 3, 4, 5 and 6 respectively on Figure 6). Fish were 

release3 at sites 2-6 from April 14 to April 19 during a period 

of higher pumping and low water temperatures. The second group 



of fish were released at sites 3,s and 6 between May 6 and May 13 

during a oeriod of lower pumping and slightly higher water 

temperatures than those observed-in April (Table 8 ) .  

Figure 11 illustrates that, during our first release, export and 

reverse flow conditions were changing dramatically in a matter of 

just a few days whereas migration of all of the fish of a 

particular group to Chipps Island takes a minimum of a week, thus 

making analyses and interpretation of the data difficult. 

Average total exports during the time the release groups were 

migrating past Chipps Island were 3222 cfs between April 23 to 

May 17 and 2329 cfs between May 11 to May 30. Average San 

Joaquin inflow at Vernaliswas 978 and 1102 cfs respectively for 

the two time periods. 

Throughout our analyses we have used the average conditions 

during time periods that most closely represent what the 

individual groups of fish were exposed to. 

With the exception of the Jersey Point site, releases were made 

on an ebbing tide or high slack for consistency and to assure 

immediate downstream migration. Due to the short distance from 

Jersey Point to Chipps Island (12 miles) and potential short 

travel time, we had concern that we night miss sampling the 

Jersey Point group. Therefore, we released both Jersey Point 



DATE 

Figure 11 : Flows into Clifton COUR Forebay, Central Valley Project 
and at Jersey Point from April "Do June 5, 199 1. 

The two release periods are bounded by rolfd vertical lines. 



groups on a flooding tide in an attempt to spread thair 

distribution and to increase their chance of being adequately 

sampled at Chipps Island- 

RESULTS 

Chipps Island Recoveries 

April Release Groups 

Survival of fish released in April in the San Joaquin Delta and 

recovered at Chipps Island showed that those released closer to 

the western Delta consistently had better survival (Table 14). 

Survival from fish released at Dos Reis was the poorest whereas 

fish released at Jersey Point survived the best. This seems to 

imply that smolts have mortality throughout their migration to 

the western Delta. 

Since Dos Reis is the furthest away from Chipps Island and may 

reflect only higher mortality because of the greater distance to 
- 

Chipps Island, we attempted to correct our survival indices to 

reflect the survival rate in each reach of the San Joaquin River 

between Dos Reis and Jersey Point. This was done by dividing the 

further upstream survival index by the next lower downstream 

site. 



Table 14. 1991 temperature corrections to 59 degrees fahrenheit 
with effect on survival indices for marked chinook 
released in April and May. 

- 

Uncorrected Corrected 
Release River Temp. Survival Survival 

Month Site Mile (F) Index Index lJ  

Dos Reis 50 60 0.156 0.122 

Stockton 39 59 0.245 0.136 

Empire Tract 29 61 0.536 0.368 
April 

L. Mokelunne 19 61 1.564 0.939 

Jersey Point 12 63 1.705 1.087 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Stockton 65 0.190 0.315 

L. Mokelumne 

Jersey Point 

April New Hope 26 60 1.630 0.940 

Hay New Hope 65 0.460 0.465 

'' Uncorrected survival indices were divided.by 1.8 before 
standardizing for temperature. 



A l ~ o  among the five release groups, there was some variability 

between temperatures on the day of releaee which ranged between 

-5-9 and 63 degrees fahrenheit. Work on the Sacramento lelta hae 

shown that temperature is an important variable affecting smolt 

survival in that area of the Delta. To factor out the potential 

bias of temperature in our South Delta experiments, we assumed 

the relationship between temperature and survival was similar 

between basins. 

South Lelta survival indices were standardized to one temperature 

(59 degrees fahrenheit), using the temperature/mortality 

relationship for Reach 3 of the Sacramento River between Ryde and 

Chipps Island in the Kjelson et. al. model (1989). In order to 

- standardize for temperature we needed to bring all our survival 

estimates to values between 0 and 1, as has been done in the 

model. Thus we have divided all our survival indices by 1.8 

before standardizing for temperature. 

In Figure 12, we have shown the temperature standardized survival 
-- . -~ - -. 

of smolts in each reach throughout their migration to Chipps 

Island. The survival rate per mile, also shown in Figure 12, was 

calculated by dividing the survival for each reach by the number 

of miles in each reach. 

The April survival rate per mile between Dos ~ e i s  and Stockton 

(.08) was actually twice as good as the survival rate per mile 
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Figure 12: Diagrammatical representation of the San Joaquin River 
Delta area. Temperature corrected survival per release group t o  Chipps Island 
and survival per mile (glrn) provided between designated release locations. 
April exports and river flow encompass period 411 6 to 516 (release 
date to final capture at Chipps Island of Stockton release in April). 
May exports encompass period 516 to 5/30. Exports are combined 
CVPISWP and river f low measured at Vernalis. 



between Stockton and Empire Tract and between Empire Tract and 

the Lower Mokelumne junction ( . 0 4 ) .  

The survival rate on a per mile basis was the greatest between 

the Lower Mokelumne site and Jersey Point and was 17 times 

greater than that between Stockton and the Lower Mokelumne 

release site. This analyses demonstrates that the greatest 

mortality in the South Delta in 1991 was on the main San Joaquin 

River between Stockton and where the Lower Mokelumne River enters 

the San Joaquin. This mortality is even greater than that 

experienced between Dos Reis and Stockton. 

It is not a surprising that the reach between Stockton and the 

Lower Mokelumne junction has the greatest mortality, considering 

that in that reach the number of diversion channels-off the main 

river taking water south to the pumps is greater than in other 

areas. Once the fish are diverted towards the pumping plants 

their migration is delayed and they are exposed to potentially 

greater temperatures, high in channel and  lifto on Court predation 
. .- - -. 

and direct impacts of the pumping plants. This analyses suggests 

that once salmon smolts reach the Lower Mokelurnne junction 

mortality is significantly reduced. 

Potentially our trawls may be biasing our survival estimates of 

fish released nearest to Chipps Isrand (Lower Mokelumne and 

Zersey Point releases) by catching clumps of these fish. It is 



likely that the closer the fish are raleaaed to Chipps Island the 

less they are able to spread out thoroughly at our sampling site. 

confirmation of these survival estimates will be made by ocean 

recoveries. 

Biosystems Inc., a consulting firm working in the area, released 

a group of coded wire tagged chinook smolts into the Mokelumne 

River near New Hope Marina (see sitG 7 on Figure 6) on April 23. 

Although these fish were sonewhat larger that our Mokelumne River 

release, (Table 8) the raw survival index was similar (1.63) to 

that experienced by our Lower Mokelumne release group (1.56), 

which would lessen our concern that the survival index for the 

Lower Mokelumne and Jersey Point releases are biased high. In 

Figure 12, the April tempe: ture corrected survival estimates 

showed no apparent mortality between the New Hope and the Lower 

Mokelumne release site, but may be because larger fish were 

released at New Hope which typically survive better. 

May Releases 

The uncorrected survival indices of fish released at Stockton, 

l,ower Mokelumne and Jersey Point in early May also showed greater 

survival the closer the relezse group to the western Delta, with - 
the Jersey Point group surviving the best and Stockton group the 

worst (Table 14). If we again evaluate survival in each reach of 

the San Joaquin River at a constant temperature, we find that 



survival was the lowest between Stockton and the Lower Mokalumne 

release sites and about 2.5 times greater between the Lower 

Mokelumne and Jersey P o k t  (Figure 12). 

An additional group of fish was released by Biosystems, Inc. at 

the New Hope Marina on the Mokelumne River on May 6. This group 

of fish showed high survival (temperature corrected) on a per 

mile basis down the Mokelumne River in May, even greater than for 

the reach between the Lower Mokelumne and Jersey Point. Again 

these New Mope fish were sonewhat larger which would.perhaps 

increase their survival relative to the other CWT groups of fish. 

The New Hope raw survival indices appeared reasonable thus 

supporting the results we obtained from the Lower Mokelumne and 

Jersey Point release groups. 

Unadjusted mortality for the Jersey Point group was again very 

low in May, as it was in April (Table 14). 

April versus May Releases 

In Figure 12, we have illustrated the difference in survival 

rates, corrected for temperature, between reaches for the two 

separate months. The survival rate, between Stockton and the 
.- 

Lover Mokelumne junction in May (.03), under lower export 

conditions was significantly better (4.2 times) than the survival 

rate for the similar reach in April ( . 0 0 7 )  when exports were 



greater (4283 versus 2613) (Table 15). Inflows during the same 

time period in the San Joaquin River at Vernalis were greater in 

~pril (1150 cfs) than they were in May (959 cfs) and thus would 

not account for the higher survival we saw in May after 

correcting for temperature. 

Positive flow past Stockton for the Stockton groups during both 

April and May was about 100 to 150 cfs and is a function of flow 

at Vernalis and exports (DWR, Bulletin 6 7 6 )  We have attributed 

the additional mortality in April to the higher exports. 

Survival between the Lower Mokelumne site and Jersey Point was 

greater in April than in May (about 2 times). It appears all 

conditions seemed more favorable in May than in April for the 

Lower Mokelumne groups with the exception of flows through the 

Central Delta, which were slightly greater in April. 

Survival down the Mokelumne River between New Hope Marina and our 

Lower Mokelumne release was greater in April than in May. 

Conditions, such as exports, Jersey Point flow and flow into 

Georgiana and the cross channel, appeared to be more favorable in 

May, and would not explain the survival differences we observed 

(Table 15). 

Temperatures were lower in April by 3.5 degrees fahrenheit at the 

time of release. Although we attempted to correct for the 



Table 15:  Average d a i l y  tl.ow i n  cfs at Vernalis, Freeport, Delta Cross Channel 
and ~eorgiana Slough during between the date of release and u n t i l  the l a s t  fish 
w3s recovered at chipps Island for each r e l e a s e  group. 

SJ River Sac River I X-Channel Jersey 
R e l e a s e  group @ V e r n a l i s  @Freepost  CVP SWP & Georgiana Point CVP+SWP ______--------------------------------------------------------------------------------- -------------------------------------------------------------------------------------== 

MILLER -APRIL 25 1334 639G 896 2167 3726 1049 
I 

3063 

MILLER- APRIL 29 1127 6345 1203 1916 3784 925 3119 

AFRIL 

DCS REIS 1079 7051 

STOCKTON 1150 7034 

EMPIRE TRACT 1090 6867 

LOWER MOKELUMNE 121 0 6738  

JERSEY POINT 1057 6730 

MAY 

STOCKTON 959 7490 

LOWER MOKELUMNE 763 6942 
I 

JERSEY POINT 1063 7662 

BIOSYSTEMS 
I 

NEW HOPE-APRIL 893 ' 7864 

NEW HOPE-MAY 927 7303 

65 



influence of temperaturo, we may be underestimating the influence 

of temperature in the San ~oaquin Delta. 

- 

Fish released at Jersey Point in both April and May survived at 

high levels and were very similar to each other (Table 15). 

Although initially we suspected that reverse flows would be 

greater during the higher pumping period, comparison of 

conditions during the time the fish were observe83 at Chipps 

Island indicated that flow at Jersey Point das very similar 

(Table 15). This may be why the groups of fish also survived 

similarly. 

In both months it is clear that the vast majority of mortality is 

associated with the area between Stockton and the Lower Mokelumne 

junction and that during tines cf higher punping survival through 

that area is much less. 

Generally survival for the Dos Reis group of fish released in 

April in the San Joaquin Delta in 1991 was better than 

experienced by similar release groups in 1989 and 1990 and most 

likely is attributable to the generally lower temperatures in 

1991 (Table 13). Survival in 1991 was still lower than that 

observed in 1982 and 1985-1487. 

Fish Facility Recoveries 



We found that the greatest number of fish recovered at the fish 

facilities were f,om the further upstream groups, both in ~pril 

and in May - generally the inverse relationahip from that 
observed in survival at Chipps Island (Figure 13). The New Hope 

releases by Biosystem had fewer recoveries at the fish facilities 

than for our similar Lower Mokelumne releases and may be due to 

their larger size and the fact that they were released further 

from the facilities than Zhe other release groups (Figure 6). 

We also saw between 6 and 56 times more marked fish at the Fish 

facilities from the April groups then we did for the 

corresponding groups released in May, and may reflect the greater 

indirect or direct affects of the pumps on migrating salmon 

during periods of higher exports (see Tz.Sle 16). 

Both our recoveries at the fish facilities and estimates of 

survival in 1991 would support a conclusion that being diverted 

towards the pumps and fish facilities especially upstream of the 

lower Mokelumne junction, increases mortality of San Joaquin 
-- 

~molts migrating to Chipps Island. 

It is interesting to note that a greater number of marked fish 

for all groups, with the exception of the Dos Reis group, were 
.? 

recovered at the State Water Project (Table 8). This is not 



5 

April 1 

Dos Reis Empire Tract Lower Mokelurnne 

61) 
0 

Stockton Lower Mokelumne 

Release Site 

Figure 13. Combined CVP and SWB fish facility recoveries 
(log per 4 00,000 released) and temperature corrected survival 
PQ CRipps Island for groups of CVWT'd fish released in the South 
Delta in 199 1. 



Table 1 6 .  Proportion of tags recovered at the CVP and SWP f i s h  
facilities. Proportions 'calculated by expansion of 
tag recoveries for groups released in the South Delta 
divided by the ,lumber released. - 

Release .site 

Jersey Point 

Lower Mokelumne 

New Hope 

Empire Tract 

Stockton 

Dos Reis 



unexpected since the State Water Projects0 Clifton Court Forebay 

is the neersst diversion facility to which the salmon smolts are 

- exposed when drafted south in south delta channels other than 

Upper Old River. 

We have some indication from trawling at Mossdale that a large 

group of the Dos Reis fish (the number recovered in the trawl was 

296) were actually carried upstream past the junction of Upper 

Old ~iver and most likely were diverted to the Federal Fish 

Facility via Upper Old River and thus that may be why we saw a 

larger proportion of this group at the Federal Facility than at 

the State Facility (Figure 11). This also would have a tendency 

to underestimate survival for this group since some of this group 

was diverted via Upper Old River where survival has historical 

been less. All of our past data from the Dos Reis releases 

during low inflow conditions likely suffer this survival bias and 

would indicate that the differences between survival of the Dos 

~ e i s  and Upper Old River groups are greater than the raw survival 

indices would reflect. 

Past research by the Fish Facility Program on predation rates in 

Clifton Court Forebay has indicated that losses through the 

Forebay for chinook snolts can be a high as 85%.  If this is 

true, the expanded nuaber of fish diverted to the State Fish 

Facility would be much higher. For instance, for the Stockton 

group released in April, 2635 and 338 marked fish (expanded for 



effort) were recovered at the State and Federal Fish Facility, 

respectively. The total number of fish released from thia release 

group was 99,341. Approximately, 3.0 8 of the g r o ~ p  wae 

recovered at the Fish Facilities and survival indices to Chipps 

Island was about 25%. To standardize our Chipps Island estimates 

to absolute estimates we divide by 1.8. This results in an 

survival estimate of 14%. So far we have been able to account 

for less than 20% of the total release group. Given that 

predation in Clifton Court is 85 % we can then account for 17,566 

more fish, another 18% of the release group for a total 

accounting of the group of 35%. This would indicate that the 

indirect pumping mortality (that occurring in delta channels), 

before they get to the facilities and Clifton Court Forebay is 

significant (in this example 65%). - 

Model Verification 

If we assume that the Stockton release group most represents the 

survival of fish migrating down the San Joaquin River if a 

barrier was in place, we can then verify the model we have 

developed to represent survival with a barrier present. Flow at 

Stockton averaged about 100 cfs while exports averaged about 

4283 cfs and 2613 cfs in April and May respectively. Our model 

estimates that unfer these conditions survival was predicted to 
.- 

be .24 in April and .28 in May. If we divide these estimates by 

1.8, as we have to obtain absolute survival in the Sacramento 



Delta, we obtain .13 and .16 for April and May respectively. Our 

observed survival estimates (corrocted for temperature) was .I4 

in ~pril and -31 in May.  his comparison appears to tell us that 

we may have underestimated the impact of exports on salmon smolt 

survival through the San Joaquin Delta in our theoretical model. 

Additional data gathering and refinement of this model is 

warranted to estimate the benefits of installing a barrier for 

San Joaquin smolts under various flow and export conditions. 

After including our 1991 data and deleting our 1985 data point we 

were able to find a significant (p<0.01) relationship between 

flow at Stockton and smolt survival in the San Joaquin Delta 

(r=0.89) (Figure 14). We were still unable to see a relationship 

with exports at this time. 

During the Scoping session of the Phase I1 Bay Delta Hearing 

Process in 1991, we estimated smolt survival through the San 

Joauqin Delta during different time periods based on the two 

nodels discussed above and one based on escapement in the 

Tuolumne River in tho 1940's. The average estimate for smolt 

survival for a critical year without a barrier between 1978 and 

1990, was .07. Our average,neasured survival for 1987, 1989, 

1990 and 1991 for fish released in Upper Old River and Dos Reis 

was .11. In our recent analyses WE? have divided all estimates of 

survival obtained using our Chipps Island trawl, by 1.8. 



Flow at Stockton X 1000 cfs 

Figure 14: Flow st Stockton vesus San Joaquin smoit survival 

as indexed by our midwater trawl. 

indicates an outlier not used in the regression. 

y = 0.12257 + ,000076 (flow at Stockton) 



~ividing .I1 by 1.8 gives an estimate o f  survival through the San 

Joaquin Delta of . 0 6 .  This is very close to that estimated using 

our without barrier model. This is reassuring considering the 

assumptions we made to generate smolt survival from historical 

escapement estimates. 

Conclusions 

When evaluating the results of our 1991 study as a means to 

predict the benefits of a barrier at the head of Upper Old River, 

we reached the following conclusions. 

1) The group of fish most representative of fish migrating down 

the San Joaquin River with a barrier in place would be the - 

Stockton release group. Releases were made in both April and May 

when exports were 4283 and 2613 cfs respectively. Survival after 

corrected for the differences in temperature was about twice as 

good for the low export period. This would indicate that 

additional benefits with a barrier can be obtained by decreasing 

exports simultaneously. 

2) The impact of increasing the amount of water drafted from the 

Sacramento into the Central Delta towards the Pumping Plants 

did not appear to decrease survival of fish diverted into the 

Mokelumne from the Sacramento River in 1991. In fact the 

increase in flow itself in the Mokelumne system may account for 



the increase in survival we saw for the group reieeeed i n  April 

in the Central Delta during the higher drafting period. 

3) Although our data infers that the installation of a barrier 

will likely improve smolt survival through the San ~ o a q u i n  Delta, 

it is imperative to recognize that a barrier alone most likely 

will not be a panacea to the mortality problems for smolts 

migrating down the San Joaquin. As we documented in 1991, 

significant smolt mortality occurs downstream of the proposed 

barrier. Additional measures such as increased flows and 

decreased exports also are needed to ensure adequate survival 

through the San Joaquin Delta system. 

4) It also is critical that the actual barrier be placed into 

Upper Old River and the survival of smolts migrating down the 

river be measured over a wide range of environmental conditions. 

FUTURE NEEDS 
- -. 

Results of these and previous studies in the Sacramento-San 

~oaquin Delta are being used in the evaluation of the benefit and 

costs of both operational and structural salmon protective 
.- 

measures for the Scoping and Water Rights phases of the Bay-Delta 

Water Quality Hearings and in planning for future Interagency 

Salmon Studies. This information also is being used in the 



Article 7 negotiations celled for in the Two Agency Agreement 

between DWR and CDFG and in t h e  proposed State Water Project's 

Delta Water Management Programs. - 

At the present time, additional work is needed in the Southern 

and Central Delta where a greater uncertainty remains in our 

understanding of smolt survival. Also additional evaluation is 

needed on the impacts of the pumping plants on fry entering the 

Delta and the apparent relationship between adult runs and t h e  

amount of water being exported. 

Additional studies.on the San Joaquin Delta should include the 

following: 

1) Evaluating San Joaquin smolt survival under a wide range of 

inflow and export conditions. 

2) Test the benefit of a full barrier in Upper Old River to CWT 

smolt survival under high and low export conditions between 

April 15 and May 15. This is scheduled to be tested in 

1992. 

3) ~ e f i n e  the likely pattern of migration through the South 

Delta under varied flows, export rates and tidal conditions 

using hydraulic modelling. 



4 )  Continue evaluating the effect of high cross delta flow on 

smolt survival through the San Joequin Delta as would occur 

if the SWP would utilize their full pumping capacity of 

10,300 cfs. A full barrier in upper Old River with high 

exports would cause more reverse flows in Turner Cut, louer 

Old and Middle river and more closely represent conditions 

proposed in the SWP delta alternative projects. 

5) Evaluate smolt survival in the San ~oaquin Delta at varied 

temperatures (60" to 70°F). 

The information we have to date implies that the indirect 

mortality associated with the pumps is significant. Perhaps 

under certain conditions those that live to be salvaged are a 

large proportion of those we see that survive to Chipps Island. 

During 1992, the fish facilities camittee will be releasing 

marked fish into Clifton Court Forebay which may provide a way to 

measure the number of survivors at Chipps Island that are a 

product of the salvage process. 
- 

Our Sacramento itiver Delta smolt modeling and recent field 

studies have been successful in helping us to gain a better 

understanding of the potential factors influencing smolt survival 

in the Sacramento side of the Delta. This work has identified 

data gaps in need of further research. There is a need in the 

future: 



1) to expand our knowledge to other racsa of ealmon and the 

impacts of the pumping plants on their survival and 

distribution, - 

2) to evaluate smolt survival in the Central Delta under 

various temperature and flow conditions, and 

3) to evaluate further the reasons for the high unexplained 

mortality in the Central Delta. 

In early 1992 the cross channel gates were closed to protect 

winter run salmon from being diverted into the Central Delta and 

being impacted by the pumps. ~dditiona1,work is being proposed 

to release late fall marked fish in February and March of 1993 to 

evaluate the differential mortality of being diverted into the 

Central Delta for the endangered winter run. 

The Interagency Fisheries Committee has shown interest in an 

expanded salmon monitoring program for all races through out the 

Central Valley to run year r~und. The specific proposal is to be 

developed in early 1992 to be implemented by September of that 

year. Part of that proposal will evaluate other methods for 

monitoring the movement and distribution of juvenile salmon 

within the Delta. 



A critical need for the salmon program that ie not presently 

being met ia the need for programming aeeimtance in getting our 

pix& data edited and stored in a useable manner. We will explore 

other ways outside of the Interagency program to accomplish this 

task as the priorities within the Interagency have ranked this 

item low. It has been typical in past years, that pieces of the 

data set have been extracted and limited editing by non-salmon 

project staff was conducted. With our field programs expanding, 

the need to address this issue is even more critical. 



nppadtr 1. Ocean tag recovery rater  frcm N1/2T r a t a m  t r y  released In the Uppr k c r m m t o  Rim, Deltr 
m d  SM r rcnr l rco  I r y ,  l V ~ - l ~ .  (updated 02-as-92). 

Nunber of txprnded 
Si te  Recowrie8 in Total 

Year CUT N h r  Relrace Relerse at Release &eon by Aoe Recoverler Recowry 
Relensad Egap ! W u s P  L- Dats I.n BJMWL ,* 

1960 H5-3-1 25617 Below RBDD 2/29/80 4 7 51 149 25 206 .OOTPbJ 
HS-3-2 22574 n 2/29/80 4 7 9 l $ P  5 160 . O O ? W  
ns-5-5 21786 (I s/12/80 45 28 89 24 142 .006s17 

H5-3-4 n 3/07/80 44 9 42 1 2 .0024Q 
Total* 90659 197 .002172 

H5-2-4 21937 Berkeley 2/20/80 46.4 0 1  0 1 .0000455 
HS-2-5 20726 u 2/23/50 46.4 0 0  1 
Total* 42663 

1981 H6- 1 - 1 
H6-1-5 
Total* 

39905 Below RBDD 2/06/81 
47019 I 2/27/31 
86924 

H6-1-2 
H6- 1-6 
Total* 

H6- 1-3 
H6- 1-7 
Total* 

45193 Mokelume R. 2/20/81 

H6- 1-4 
H6-2-1 
Total* 

49705 Berkeley 2/25/81 

1 982 H6-2-2 
H6-2-6 
Total* 

41753 Below RBDD 2/05/82 
43673 (I - 2/25/82 
85426 

H6-2-3 
H6-2-7 
Total* 

43849 Mokelume R. 2/17/82 
4 1470 ti - 3/10/82 
85319 

H6-2-4 
H6-3-2 
Total* 

H6-2-5 
H6-3- 1 
Total* 

40699 Berkeley 
39321 m - 
80020 

'1983 H6-3-3 
H6-4-2 
Total* 

45805 Is leton 

48541 Cwrtland 

H6-3-6 
H6-3-7 
Total* 

47677 Old River 
W U  
96257 

1 986 H6-4-4 
H6-5-4 
Total* 

43883 Belov RBDD 

68460 Cwrtland 



198s 115-3-7 
HS-4- 1 
Total* 

29136 Batt le  Creek 3/13/85 
25061 3/ 13/85 

52181 

H6-5-5 
H6-6-5 
Total* 

49155 Below RBDD 2/14/85 
5231$ lo 5/14/85 

101468 

51201 C w r t  land 2/19/85 H6-5-6 
H6-6-4 
Total* 

H6-5-7 
H6-6-3 
Total* 

49183 Ryde 2/21/85 
50550 3/05/85 
99733 

51371 Batt le  Creek 3/18/86 

51426 Below RBDD 3/19/86 

H6-6-7 
H6-7-3 
Total* 

50961 Court land 2/27/86 

H6-7-2 
H6-7-4 
Total* 

52635 Ryde 3/04/86 
52748 a - 3/ 1 2/86 

105383 

51075 Batt le  Creek 3/12/87 

52977 Below RBDD 3/13/87 

48733 C w r t  land 3/05/87 

48299 Batt le  Creek 2/19/88 

48280 Below RBDD 2/22/88 



Appendix 2: Adult chinook salmon passing by RBDD (Red Bluff 

Diversion Dam) of fall, late fall, winter and spring races 

between 1967 and 1990. 



Appendix 3: Coded w i r e  tagged smolt r e l e a s e  and recovery information f o r  Delta s u r v i v a l  (So) estimate8 u8i-g 
expanded ocean t a g  recover ies  A/ .  Updated 4/08/92 (Inland hatchery Recoveries Excluded) 

Year 
Released 
Location Number of Expanded To ta l  
and NuPrbe r Data o f  Reco~erie8 i n  ocean by Age Recoveries 
Taq Code Released Release - 2 - 3 - > 4  4Expanded) 

Recovery 
Rate - 

sacramento 162253 6 / 6 ,  24 35 0 
6-62-2 

Port Chicago 164766 6 /5  8 8 1  4549 87 
6-62-3 

Sacramento 160151 
6-62-5 

6 / 5  

Por t  Chicago 110122 616 53 713 8 9 855 
6-62-6 

Sacramento 98586 6/2&3 
6-62-8 

Sacramento 84642 6/4&5 
6-62-11 

Por t  Chicago 88700 6 /10 
6-62-9 

Port Chicago 79443 6 1  13 
6-62-12 

Sacramento 71932 
6-62-14 

6/2  



Appendix 3 ( c o n t . )  

Year 
Released 
Locat i on  
and Number 
Tau Code Released 

Sacramento 68318 
6-62-17 

Port Chicago 78339 
6-62-15 

Sacramento 89780 
6-62-18 
(CNFH)2/ 

Sacramento 85885 
6-62-20 

Fort Chicago 86877 
6-62-19 
( CNFH ) 

Sacramento 60822 
6-62-21 

Port Chicago 63221 
6-62-22 

San Joaquin 48227 
River 
6-46-28 
a 
Court land 96706 
6-62-24 

Port Chicago 43374 
6-62-30 

Number o f  Expanded Total 
Date of Recoveries i n  ocean by Age Recoveries 
Release - 2 - 3 - > 4 /Expanded) 

615 4 15 3 2 2 

Recovery 
Rate i 



Appendix 3 (cont.) 

Year 
Released 
Location 
and Number 
Tau Code Released 

Number of Expanded 
Recoveries in ocean by Age 
2 - - 3 - > 4 

9 289 57 

Total 
Recoveries 
/Expanded 1 

Date of 
Release 

Recovery 
R a t s  - 

Ieleton 
6-62-23 

Lower Hokelumne 83435 
6-62-25 

Lower Old River 89500 
6-62-26 

1984 - 
Court land 

Port Chicago 23558 
6-62-37 

Port Chicago 
6-62-31 

SF Mokelumne 41371 
6-62-28 

SF Hokelumne 
6-42-08 

Ryde 
6-62-29 

Ryde 
6-42-09 

NF Hokelumne 59808 
6-62-32 



Appendix 3 (cout.) 

Year 
Released 
Location Number ~f Expanded Total 
and Number D a t e  of Recoveries in ocean by Age Recoveries 
Tau Code Released Release - 2 - 3 - > 4  J Expanded1 

Recovery 
Rate 

Lower Old River 64896 6/15 0 13 5 
6-62-33 

Golden Gate 48677 7/25 70 949 304 
6-54-52 

Fort Chicago 50152 7/23 74 772 214 
6-54-51 

Court land 10901 5/ 10 19 26 5 
6-62-40 

C>ur.t land 14753 5/10 3 2 4 0 
6-62-39 

court land 54457 5/10 61 168 0 
6-62-38 

Court land 
6-62-41 

SF Mokelumne 100386 5/7 29 281 5 
6-62-34 

Ryde 
6-62-35 

NF Mokelumne 101237 5 / 9  90 473 0 
6-62-36 

Lower Old River 105289 5/8 39 161 3 1 
6-62-42 



Appendix 3 (cont) 

Year 
Released 
Location 
and Number 
Taq Code Released 

Golden Gate 47518 
6-62-44 

Port Chicago 48143 
6-62-45 

CNFH 
5-6-16 

Courtland 98866 
6-62-43 

Ryde 
6-62-48 

Lower Old River 98869 
6-62-49 

Port Chicago 47995 
6-62-51 

Golden Gate 49583 
6-62-52 

Upper Old River 107215 
6-46-59 

Date of 
Release 

Number of expanded 
Recoveries in ocean by Age 
2 - - 3 - > 4 

Total 
Recoveries 
IExoandedl 

Recovery 
Rate 



Year 
Released 
LocsL-ion 
and Nulnbet 
Tnq Code Releaseq 

Number of Expanded 
Recoveries in ocean by Age 
2 - 3 - -- > 4 

Total 
Recoveries 
(Expanded 1 

Recovery 
R a t e  - 

Date of 
Release 

Doe Reie 
6-46-58 

Court land 49781 
( g a t e  closed) 
6-62-53 

Court land -- 50521 
( g a t e  closed) 
6-62-54 

100302 

Courtland E. 49093 
(gates open) 
6-62-56 

Courtland W. 51836 
(gate open) 
6-62-57 

100919 

Ryde 
6-62-58 

CNFH 
5-18-39 



Ap~3ndix 3 (cont) 

Year 
Released 
Location 
and Iunaber 
Taq Code Released 

Number of expanded Total 
Recoveries in ocean by Age Recoveriaa 
2 - 3 - - > 4 JExpanded) 

Date of 
&lleas 

Recovery 
Rats - 

Princeton 51271 
5-18-41 

Upper Old River 90952 
6-45-3,4&5 

Dos Reie 92721 
6-45-6. 7&8 

Hiller Park 51005 
B6-14-06 

Miller Park 51753 
B6-14-07 

102758 

Court land 51388 
(gates c l o s e d )  
86-14-02 

Court land 55861 
(gates c l o s e d )  
B6-14-03 

107249 

Court land 51274 
(gates open) 
B6-14-04 

Court laad 51206 
(gates open) 
B6-14-05 

102480 



Appendix 3 (cont) 

Year 
Released 
Location Number oP Expanded Total 
and N&ar Date of Recoveries in ocean by Age Recoveries 
Tau Code Released Release - 2 - 3 - > 4  JEx~andedl 

R y de 52741 513 99 952 16 
(gates closed) 
6-31-1 

R ~ d e  . 53238 516 149 1151 2 5 
(gates open) 
6-31-2 

CNFH 
5-19-39 

RBDD 
5-19-40 

Princeton 52771 5/11 5 9 353 5 
5-19-41 

Benicia 
5-18-42 

Miller Park 49245 6/23 7 70 2 
6-62-61 

Miller Park 
6-62-62 

Court land 54997 6/21 
(gates closed) 
6-62-59 

Courtland . 5 1904 6/21 
(gates closed) 
6-62-60 

106901 

Recovery 
Rate - 



Appendix 3 (cont) 

Year 
Released 
Locat ion 
and Nurnbes 
Tacr Code Released 

I 

Number of Expanded 
Recovariee in ocean by Age 
2 - 3 - - . 4  

Total 
Recoveries 
flxpanded ) 

Recovery 

I 
Court land 99827 
(gates open) 
6-62-50 

Ryde 53961 
(gates closed) 
6-62-63 

Ryde 53942 
(gates open) 
6-31-3 

Steamboat S1. 49342 
6-31-5 

Steamboat S1. 47975 
6-31-6 

Port Chicago 54151 
6-31-4 

Doe Reis 52962 
6-31-14 

Upper Old River 51972 
6-31-13 

Jersey Point 27758 
6-1-11-1-11 

Jersey Point 29058 
6-1-11-1-12 

56816 



Appendix 3 ( c o n k )  

Y e a r  
Released 
Location 
and Number 
Tau Code Released 

Number sf Expanded 
Recoveries in ocean by Age 
2 - - 3 -- . 4  

Total 
Recoveries 
/Expanded_l 

Date of 
Release -- 

Dos Rsis 25089 
6-1-11-1-7 

Court land 51211 
6-31-11 

rTrper Old River 24782 
6-1-11-1-6 

Ryde 
6-31-13 

Jersey Point 27525 
6-1-11-1-9 

Jersey Point 28708 
6-1-11-1-10 

56233 

CNFH 
5-20-3 1 

Princeton 50842 
5-20-39 

Benicia 
5-20-40 



Appendix 3 (cont) I 
I 

Year 
Released 
Location Number of Expanded Total 
and Number Date of Recoveries in ocean by Age Recoveries Recovery 
Taca Code Released Release -- 2 - - 3 - > 4 1 Expanded 1 Rate 

Miller Park 52612 6/1 18 5 9 
6-31-10 

Court land 50659 
6-31-8 

6 / 2  

Ryde 
6-31-7 

Port Chicago 51760 6/5 2 3 153 
6-31-9 

S u t t e r  Slough 49762 6/13 18 116 
6-31-16 

Steamboat Slough 51237 6/13 7 51 
6-1-14-1-1 

H i l l e r  Park 44695 6/14 10 23 
6-31-15 

Court land 52907 6/15 10 37 
6-1-14-1-3 

Port Chicago 48329 6/ 19 62 273 
6-1-14-1-4 I 

Ryde 51134 6/ 16 10 0 
6-1-14-1-2 

1 A l l  CWT salmon used i n  t h i e  experaqent were from Feather River Hatchery (FRH) u n l e s s  noted otherwise .  - 
2 /  Coleman National  F ieh  Hatchery (CNFW) - 
3/ F i s h  r e l e a s e d  above Red Bluff Divers ion  Dam (RBDD) - 

F i s h  r e l e a s e d  below RBDD 



YEAR 

Appendix 4: Fall-run chinook spawning escapements in the American River 

between 1952 and 1990. 



YEAR 

Appendix 5: Fall-run chinook spawning escapement in the Feather 

River between 1953 and 1990. 



YEAR 

Appendix 6: Fall run spawning escapements in Battle Creek 

between '1 952 and 1990. 



YEAR 

Appendix 7: Natural fall run spawning escapement fn the Sacramento 

River between 1953 and 1990. 



YEAR 

Appendix 8: Total natural fall fun spawning escapement 

in the Stanislaus, 'Fuoiumne and Merced Rivers between 1952 and 1990. 



Release, recovery and survival  data (S,) f or  Feather River coded wire tagged (CWT) for f i s h  
released thr.3ughout t h e  Delta and recovered i n  the  midwater trawl eampling a t  chippe Island, 
from 1978 to 1987. 

Sacramento 
Sacramento 

Sacramento 
Sacramento 

SF Mokelumne 



Cross channel gates at Walnut Grove (diversion point) closed, 
Cross channel gates at Walnut Grove opened, 

;[ - - - -  
Yej r  I , I 

I* 

' j  19P5 
' I  :CE5 

1485  

11 

I, 

. Q Q ' I  

T c t a l  1 19.7' 
1987' 
Total 

1987' 
1987' 

J' 

--- -- - - - 
Tag Code 

6-61-38 
6-67-39 
6-62-40 
6-62-41 

6-62-35 
6-62-32 
6-62-34 
6-62-42 

6-67-43 
6-62-15 
6 - t *2 -4  1 
6-62-46 
6-62-49 

6-62-53 
6-62-54 

6-62-56 
6-62-57 

6-62-55 
6-62-85 

Survival 
Index 
(ST 1 

.395 

.I26 

.2 58 

.32 

.77 

. 2 S  
-23 
.21 

.35 

. F,P, 

.36 

.26 

.23 

. GO 
-72 - 
.67 

.39 - .42 

.40 

.85 
-88 

---- - - - '  - - -  - - - - -- - - 
Release S i t e  

a 
1 Number 1 Number -1 -5 
Rclcaoed Recovered of Time 

Temp at 
Release 
O P 

- 
64O 

66 O 
6S0 
64 O 
68O 

73O 
74O 
72 O 

68O 
74O 

66. So 

66.S0 

67O 
64 O 

d 

S i z e  at 
Pelease 
( ) 

- 
78 

78 
7 7 
7 5 
8 4 

8 1 
B 1  
7 4 
77 
78 

- 
81 

- 
79 

79 
80 - 

-& 

--- 
Court land 
Court land 
Courtland 
Courtland 

Ryde 
NF Modelumne 
SF Mokelumne 
Lower Old River 

Court land 
R y c l c  
NF Mc7kc lu~ntlc 
SF Hokelumne 
Lower Old River  

Court land 
Court land 

Court land 
Court land 

Ryde (gates closed) 
Ryde (gates opened) 

--- - 
5/10 
5/10 
5/ 10 
5/ 10 

5/11 
5/9 
517 
518 

5/28 
5 / 2 8  
5/29 
5/30 
5/31 

4/28 
4/28 

5/ 1 
5 / 1  

4/29 
5/2 

54,457 
14,753 
10,901 

20,550_ 
107,162 

107,162 
101,238 
100,386 
91,200 

104,000 
101,330 
101,949 
102,965 
98,869 

49,781 
- 50,521 
100,302 

49,083 
51,836 
100,919 

51,103 
51,008 

2 3 
2 
3 
- 9 
3 7 

8 8 
3 0 
2 5 
2 0 

39 
7 4 
32 
24 
24 

3 2 
- 3 9 
7 1 

20 
- 2 3 
43 

4 6 
4 7 

-1388 

14 
14 
14 
14 

.I387 
14  
11 
12 
14 

. I383  

-1383 

14 
14 


