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Notice to our reader: Appendixes A, B, and C are republications of Appendixes E, F, and G,  
respectively, first published in the September 2011 report 2010 Annual Technical Report: On  
Implementation and Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive 
Management Plan (VAMP), prepared by San Joaquin River Group Authority for the California Water 
Resources Control Board in compliance with D-1641. In that report, these appendices supplement 
the discussion in its Chapter 5 Salmon Smolt Survival Investigations, which is also replicated in this 
report as Chapter 2.

California Department of Water Resources. 2010 South Delta Temporary Barriers Monitoring Report (2012).
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Equipment Set up

• Fill disinfection trays for surgical instruments with 
Novalsan

• Fill rinse tray with de-ionized or distilled water.

• Set up scale, measuring board, and surgery tray.

• Fill fresh carboy with water from source tank and fill 
MS-222 carboy to the line with water from the same 
source tank. Add 2ml MS-222 and 2ml bicarb to the 
water in the MS-222 carboy.

• Fill anesthesia bucket to line with water from source 
tank. Add 7ml MS-222 and 7ml bicarb. Cover with a lid.

• Place a study fish recovery bucket in a sleeve and fill 
with water from source tank. Check to be sure that the 
bucket is labeled on the handle and that the label on 
the lid matches. Both should correspond to the release 
group that is being tagged. Buckets for Durham Ferry 
will begin with “DF”, for Old River will begin with 
“OR”, and for Stockton will begin with “STK”.

• Place a dummy fish recovery bucket in a sleeve and fill 
with water from source tank. Check to be sure that the 
bucket is labeled on the handle and that the label on 
the lid matches. Dummy buckets should have red lids 
and will begin with “X”

• Check that a reject bucket has been filled with water 
from the source tank and is available nearby.

• Start a data sheet.

• Obtain tags and place the first tag and its vial in 
disinfectant solution. Record the Tube ID on the 
datasheet. Tags should be used in sequential order. 
Move the tag and vial to the rinse water before 
implanting the tag.

Surgery

• Anesthetize fish

• Net one fish from source tank and place directly 
into the anesthesia bucket. Start your stopwatch 
immediately to track how long the fish is in the 
anesthesia bucket and place a lid on the bucket.

• Remove the lid after about 1 minute to observe the 
fish for loss of equilibrium. Keep the fish in the 
water for an additional 30-60 seconds after it has 
lost equilibrium. Time of sedation should normally 

ACOUSTIC TAGGING SOP – VAMP 2010 
(Version 041910)

be 2-4 minutes, with an average of about 3 minutes. 
If loss of equilibrium takes less than 1 minute or if 
a fish is in the anesthesia bucket for more than 5 
minutes, reject that fish. If after sedating a few fish 
they are consistently losing equilibrium in more or 
less time than typical, the anesthesia concentration 
may need to be adjusted. This should only be done 
after consultation with the coordinator.

• If a fish is unacceptable for tagging, place the fish in 
the “Reject” bucket and inform the data recorder.

• Recording fish length, weight, and condition

• Transfer the fish to the scale and weigh to the nearest 
0.1g.

• Transfer the fish to the measuring board and 
determine forklength (FL) to the nearest mm.

• Check for any abnormalities and descaling.

• Data must be vocally relayed to the recorder and the 
recorder should repeat the information back to the 
tagger to avoid miscommunication.

• Any fish dropped on the floor should be rejected. 

• Tag implantation

• Place the fish into the surgical tray ventral side up. 
Immediately start a stopwatch to track surgery time. 

• Anesthesia should be administered through the 
gravity feed tube as soon as the fish is on the surgery 
table. Using the in-line valve, adjust the flow as 
needed so that the gilling rate of the fish is steady.

• Using a scalpel, make an incision approximately 
5 mm in length beginning a few mm in front of 
the pelvic girdle. The incision should ne just deep 
enough to penetrate the peritoneum, avoiding the 
internal organs. The spleen is generally near the 
incision point so pay close attention to the depth of 
the incision.

• Use forceps to open the incision to check that 
you did not damage any internal organs or cause 
excessive bleeding. If you observe damage or think 
you damaged an organ, do not implant the tag – 
reject that fish.

• One scalpel blade can be used on about 5-7 fish. 
If the scalpel is pulling rough or making jagged 
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incisions, it needs to be changed prior to tagging the 
next fish.

• Gently push the tag into the body cavity and position 
it so that it lies directly beneath the incision and 
the ceramic head is facing forward. This positioning 
will provide a barrier between the suture needle and 
internal organs.

• Suture the incision with two to three interrupted 
stitches.

• Transfer the fish from the surgical table to the 
appropriate recovery bucket.

• Three fish will be placed in each recovery bucket. 
Call out the count of fish in the recovery bucket 
to the recorder for confirmation. Put the lid back 
on the bucket. Once 3 fish are in a bucket, place 
the datasheet on top of the lid and signal to the tag 
validating crew for the bucket to be removed.

• Confirm the tube ID with the recorder and place the 
empty vial into the lid of the tray which holds the 
tags.

• Between surgeries the tagger should replace the tools 
that we just used into the disinfectant bath. Each 
tagger will have 3 sets of surgical instruments to 
rotate through to ensure that tools get a thorough 
soaking in disinfectant between uses. Once 
disinfected, tools should be rinsed in distilled or de-
ionized water. Organic debris in the disinfectant bath 
reduced effectiveness so be sure to change the bath 
regularly.

Tag Validation

• Obtain bucket and datasheet from tagging crew and 
gently place hydrophone in bucket.

• Set display for that hydrophone to the first tag period 
on the datasheet and confirm the signal. Record the 
time of confirmation on the datasheet. Repeat for the 
other two tag periods.

• Once all tags in a bucket have been heard, remove the 
hydrophone, securely fasten the lid, and transfer the 
bucket to the flume. 

• Return the datasheet to the tagging crew.

Loading

• Begin a fish loading, transport, and release data sheets.

• Fill hauling tank with water at same temperature as 
source tank. Allow water to sit in the tank for at least 
15 minutes before purging.

• Re-fill tank with water at the same temperature as the 
source tank. Record temperature.

• Turn on oxygen and record DO.

• Bring buckets to the truck and check each for morts 
before placing into the tank. If a mort is found, 
the recovery bucket containing the mort should 
be returned to the tagging area. The tag should be 
removed and identified by the validation crew. The tag 
should be implanted into a new fish with a new entry 
on a datasheet and comment should read re-tagged 
from mort. The original entry should be crossed out in 
the data sheet with a comment of mort at loading.

• Call out the number of the bucket to the recorder and 
the number of fish in the bucket.

• Once all buckets have been loaded, confirm that the 
number of buckets matches the number that should be 
loaded and that there are no buckets remaining in the 
flume or the tagging area.

• Secure the tank.

• Send datasheets with transport crew.

Cleanup

• Return tag tray with empty vials and datasheets to 
coordinator at end of each tagging session.

• Wipe down or spray all surfaces with ETOH to disinfect

• Soak surgical instruments in Novalsan for at least 15 
minutes. Scrub with small brush. Rinse with water 
and dry thoroughly. To prevent rusting. Leave on a dry 
towel.

• Rinse buckets with hose and place upside down to dry.

Important things to remember:

• Anesthesia and fresh carboys and buckets should 
be filled just prior to tagging to avoid temperature 
changes and should be changed often. Check levels of 
carboys before each surgery to be certain that you will 
not run out of water during a surgery.

• Keep a lid on any bucket that contains fish.

• Any fish dropped on the floor should be rejected. If a 
fish is dropped on the floor after it has been tagged, 
euthanize the fish, remove the tag, and place it into 
another fish.

• Carefully handle buckets. Try not to bang them 
around, slam the handles, or otherwise handle in a 
rough manner as this can stress fish.
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Notice to our reader: Appendixes A, B, and C are republications of Appendixes E, F, and G,  
respectively, first published in the September 2011 report 2010 Annual Technical Report: On  
Implementation and Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive 
Management Plan (VAMP), prepared by San Joaquin River Group Authority for the California Water 
Resources Control Board in compliance with D-1641. In that report, these appendices supplement 
the discussion in its Chapter 5 Salmon Smolt Survival Investigations, which is also replicated in this 
report as Chapter 2.

California Department of Water Resources. 2010 South Delta Temporary Barriers Monitoring Report (2012).
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Appendix B, Table 1
Site Descriptions for Water Temperature Monitoring Locations in the San Joaquin River and Delta as Part of the 2010 

Vernalis Adaptive Management Program (VAMP)

Site # Logger Number Temperature 
Monitoring 
Location

Lat Long Date Deployed Date Retrieved

A 1259811 Stockton Release 
Site

N 37 56.103 W 121 19.831 4/17/10 6/19/10

B 1271943 Old River 
Release Site

N 37 48.513 W 121 20.062 4/17/10 6/19/10 

1 1292418 Durham Ferry N 37 41.263 W 121 15.609 4/16/10 6/19/10

2 1259808 Mossdale 
Landing

N 37 47.142 W 121 18.383 4/16/10 6/19/10

3 1293998 Old River at 
HORB

N 37 48.633 W 121 19.232 4/16/10 6/19/10

4 1027504 Dos Reis N 37 49.956 W 121 18.791 4/16/10 7/30/10

5 1027502 DWR Monitoring 
Station

N 37 51.874 W 121 19.388 4/16/10 6/19/10 

6a 1027490 Confluence – Top N 37 56.817 W 121 20.293 4/16/10 7/30/10 

6b 1027492 Confluence- 
Bottom

N 37 56.817 W 121 20.293 4/16/10 7/30/10 

7 1271938 Upstream of 
Channel Marker 

33

N 37 59.682 W 121 24.699 4/16/10 6/19/10 

8 1259804 Turner Cut - 
Channel Marker 

21-22

N 38 00.339 W121 27.095 4/16/10 6/19/10 

9 1293982 “Q” Piling 1/2 
mile upstream of 
channel marker 

13

N 38 01.949 W 121 28.770 4/16/10 6/19/10 

10 2400407 All Pro boat N 38 04.497 W 121 34.399 4/16/10 6/19/10 

11 1027493 Jersey Point 
USGS Gauging 

Station 

N 38 03.177 W121 41.623 4/16/10 Not Retrieved

12 1027501 Antioch Marina N 38 01.370 W121 48.689 4/16/10 6/20/10 

13 1271939 Chipps Island N 38 03.011 W 121 55.038 4/16/10 6/20/10 

14 1284083 Holland Riverside 
Marina

N 37 58.324 W 121 34.900 4/16/10 6/19/10 

15 1292420 Old River / 
Indian Slough 
Confluence

N 37 54.985 W 121 34.038 4/17/10 6/19/10 

16 1292417 CCF Radial Gates N 37 49.898 W 121 33.238 4/17/10 6/19/10 

17 1293975 Grant Line Canal 
at Tracy Blvd 

Bridge

N 37 49.194 W 121 26.988 4/17/10 6/19/10 

18 1293985 Union Pt. N37 53.427 W121 29.359 4/17/10 6/19/10 

19 1259798 Werner Cut: 
Channel above 
Woodward Isle

N 37 56.381 W 121 32.467 4/17/10 Not Retrieved
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Appendix B, Figure 1
Overview of Water Temperature Monitoring Locations in the Lower San Joaquin River and Delta as Part of the 2010 

Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 2
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the Stockton Fish 

Release Site During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 3
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the Old River Fish 

Release Site During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 4

Daily Water Temperature Fluctuations (°C) in the San Joaquin River at Durham Ferry 
During the 2010 Vernalis Adaptive Management Program (VAMP)

Appendix B, Figure 5
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at Mossdale Bridge 

During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 6

Daily Water Temperature Fluctuations (°C) in Old River at the Head of Old River Barrier 
During the 2010 Vernalis Adaptive Management Program (VAMP)

Appendix B, Figure 7
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at Dos Reis County Park 

During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B Figure 8
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the DWR Flow Monitoring 

Station Near Lathrop During the 2010 Vernalis Adaptive Management Program (VAMP)

0

5

10

15

20

25

30

4/17 4/24 5/1 5/8 5/15 5/22 5/29 6/5 6/12 6/19

Te
m

pe
ra

tu
re

 (
C

)

Appendix B, Figure 9
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the Top of the 

Confluence Near Stockton During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 10
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the Bottom of the 

Confluence Near Stockton During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 11
Daily Water Temperature Fluctuations (°C) in the San Joaquin River Upstream of Channel Marker 

No 33 During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 12
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at Turner Cut (Channel 

Marker 21-22) During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 13
Daily Water Temperature Fluctuations (°C) in the San Joaquin River ½ Mile Upstream of Channel 
Marker No 13 (“Q” Piling) During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 14
Daily Water Temperature Fluctuations (°C) in the San Joaquin River at the All Pro 

Abandoned Boat During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 15
Daily Water Temperature Fluctuations (°C) in the San Joaquin River Near the Antioch Marina 

During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 16
Daily Water Temperature Fluctuations (°C) in the South Delta Near Chipps Island During the 

2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 17
Daily Water Temperature Fluctuations (°C) in the South Delta Near the Holland Riverside 

Marina During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 18
Daily Water Temperature Fluctuations (°C) in the South Delta Near the Old River/Indian 
Slough Confluence During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 19
Daily Water Temperature Fluctuations (°C) in the South Delta Near the CCF Radial Gates 

During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 20
Daily Water Temperature Fluctuations (°C) in the South Delta in the Grant Line Canal at 

Tracy Blvd Bridge During the 2010 Vernalis Adaptive Management Program (VAMP)
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Appendix B, Figure 21
Daily Water Temperature Fluctuations (°C) in the South Delta Near Union Point During the 

2010 Vernalis Adaptive Management Program (VAMP)
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Parameters Estimates

Notice to our reader: Appendixes A, B, and C are republications of Appendixes E, F, and G,  
respectively, first published in the September 2011 report 2010 Annual Technical Report: On  
Implementation and Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive 
Management Plan (VAMP), prepared by San Joaquin River Group Authority for the California Water 
Resources Control Board in compliance with D-1641. In that report, these appendices supplement 
the discussion in its Chapter 5 Salmon Smolt Survival Investigations, which is also replicated in this 
report as Chapter 2.

California Department of Water Resources. 2010 South Delta Temporary Barriers Monitoring Report (2012).
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BCA San Joaquin River at Banta Carbona

C18/C16 San Joaquin River at Shipping Channel  
 Markers (2 Receivers)

CHP Chipps Island

CHPe Chipps Island East Receivers

CHPw Chipps Island West Receivers

CVP Central Valley Project Trash Rack

CVPTank Central Valley Project Holding Tank

DF San Joaquin River at Durham Ferry

MFE San Joaquin River at Medford Island,  
 East Receiver

MFW San Joaquin River at Medford Island,  
 West Receiver

MOS San Joaquin River at Mossdale

MRN Middle River North (2 Receivers)

MRND Middle River North, Downstream Receiver

MRNU Middle River North, Upstream Receiver

MRS Middle River South

OR Old River

OR1/OR2 Old River at the junction with  
 San Joaquin River (2 Receivers)

ORN Old River North (2 Receivers)

ORND Old River North, Downstream Receiver 

ORNU Old River North, Upstream Receiver

ORS Old River South (2 Receivers)

ORSD Old River South, Downstream Receiver

ORSU Old River South, Upstream Receiver 

RGD Radial Gates at Clifton Court Forebay,  
 Interior (2 Receivers)

RGU Radial Gates at Clifton Court Forebay,  
 Entrance Channel

SJ1/SJ2 San Joaquin River at Lathrop (2 Receivers)

STK San Joaquin River at Stockton

STN San Joaquin River at Navy Bridge near  
 Stockton

STS San Joaquin River at USGS Gauge at Stockton

TCN/TCS San Joaquin River at Turner Cut (2 Receivers)

TMS Threemile Slough (South Receiver)

TMN Threemile Slough (North Receiver)

Acronyms and Abbreviations Used in Appendix G

Acronyms and Abbreviations Used in Appendix C
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Appendix C, Table 1
Definitions of Parameters Used in the Release-Recapture Survival Model Shown in Chapter 2. Unique Parameters 

Were Defined for each Release Site: DF = Durham Ferry, OR = Old River, STK = Stockton.

Parameter Release Site Definition

S
A1

DF Probability of survival from Durham Ferry release site to Banta Carbona (BCA)
S

A2
DF Probability of survival from Banta Carbona (BCA) to Mossdale (MOS)

S
A3

DF Probability of survival from Mossdale (MOS) to Lathrop (SJ1/SJ2) or Old River (OR1/OR2)
S

A4
DF Probability of survival from Lathrop (SJ1/SJ2) to Stockton USGS Gauge (STS)

S
A5

DF Probability of survival from Stockton USGS Gauge (STS) to Stockton Navy Bridge (STN)
S

A6
DF, STK Probability of survival from Stockton Navy Bridge (STN) to Shipping Channel Markers (C18/C16) or 

Turner Cut (TCN/TCS)
S

B1
DF, OR Probability of survival from Old River (OR1/OR2) to Old River South (ORS)

y
A1

DF Probability of remaining in the San Joaquin River at the junction with Old River; = 1– yB1

y
B1

DF Probability of entering Old River at the junction with the San Joaquin River; = 1– yA1

y
A2

DF, STK Probability of remaining in the San Joaquin River at the junction with Turner Cut; = 1– yF2

y
F2

DF, STK Probability of entering Turner Cut at the junction with the San Joaquin River; = 1– yA2

y
B2

DF, OR Probability of remaining in Old River at the junction with Middle River; = 1– yC2

y
C2

DF, OR Probability of entering Middle River at the junction with Old River; = 1– yB2

f
A7,A8

DF, STK Joint probability of moving from C18/C16 toward MFE/MFW, and surviving from C18/C16 to MFE/
MFW

f
A8,G1

DF, STK Joint probability of moving from MFE/MFW toward CHP, and surviving from MFE/MFW to CHP
f

B1,B2
DF, OR Joint probability of moving from OR1/OR2 toward ORN, and surviving from OR1/OR2 to ORN; = S

B1
 yB2

f
B2,B3

DF, OR Joint probability of moving from ORS toward ORN, and surviving from ORS to ORN;
f

B2,C2
DF, OR Joint probability of moving from ORS toward MRN, and surviving from ORS to MRN

f
B2,D1O

DF, OR Joint probability of moving from ORS toward RGU when the gate was open, and surviving from ORS to 
RGU

f
B2,D1C

DF, OR Joint probability of moving from ORS toward RGU when the gate was closed, and surviving from ORS 
to RGU

f
B2,E1

DF, OR Joint probability of moving from ORS toward CVP, and surviving from ORS to CVP
f

B3,G1
DF, OR Joint probability of moving from ORN toward CHP, and surviving from ORN to CHP

f
C1,B3

DF, OR Joint probability of moving from MRS toward ORN, and surviving from MRS to ORN
f

C1,C2
DF, OR Joint probability of moving from MRS toward MRN, and surviving from MRS to MRN

f
C1,D1O

DF, OR Joint probability of moving from MRS toward RGU when the gate was open, and surviving from MRS to 
RGU

f
C1,D1C

DF, OR Joint probability of moving from MRS toward RGU when the gate was closed, and surviving from MRS 
to RGU

f
C1,E1

DF, OR Joint probability of moving from MRS toward CVP, and surviving from MRS to CVP
f

C2,G1
DF, OR Joint probability of moving from MRN toward CHP, and surviving from MRN to CHP

f
D1O,D2

DF, OR Joint probability of moving from RGU toward RGD, and surviving from RGU to RGD, conditional on 
arriving at RGU when the gate was open

f
D1C,D2

DF, OR Joint probability of moving from RGU toward RGD, and surviving from RGU to RGD, conditional on 
arriving at RGU when the gate was closed

f
D2,G1

DF, OR Joint probability of moving from RGD toward CHP, and surviving from RGU to CHP
f

E1,E2
DF, OR Joint probability of moving from CVP toward CVPtank, and surviving from CVP to CVPtank

f
E2,G1

DF, OR Joint probability of moving from CVPtank toward CHP, and surviving from CVPtank to CHP
f

F1,G1
DF, STK Joint probability of moving from TCN/TCS toward CHP, and surviving from TCN/TCS to CHP

f
OR,B1

OR Joint probability of moving from the Old River release site toward OR1/OR2, and surviving from the 
release site to OR1/OR2

f
STK,A6

STK Joint probability of moving from the Stockton release site toward STN, and surviving from the release 
site to STN

P
A2

DF Conditional probability of detection at BCA
P

A3
DF Conditional probability of detection at MOS

P
A4

DF Conditional probability of detection at SJ1/SJ2
P

A5
DF Conditional probability of detection at STS

P
A6

DF, STK Conditional probability of detection at STN
P

A7a
DF, STK Conditional probability of detection at C18

P
A7b

DF, STK Conditional probability of detection at C16
P

A8a
DF, STK Conditional probability of detection at MFE

P
A8b

DF, STK Conditional probability of detection at MFW
P

B1
DF, OR Conditional probability of detection at OR1/OR2

P
B2a

DF, OR Conditional probability of detection at ORSU
P

B2b
DF, OR Conditional probability of detection at ORSD

P
B3a

DF, OR Conditional probability of detection at ORNU
P

B3b
DF, OR Conditional probability of detection at ORND

P
C1

DF, OR Conditional probability of detection at MRS
P

C2a
DF, OR Conditional probability of detection at MRNU

P
C2b

DF, OR Conditional probability of detection at MRND
P

D1
DF, OR Conditional probability of detection at RGU

P
E1

DF, OR Conditional probability of detection at CVP
P

F1a
DF, STK Conditional probability of detection at TCN

P
F1b

DF, STK Conditional probability of detection at TCS
P

G1a
DF, OR, STK Conditional probability of detection at CHPe

P
G1b

DF, OR, STK Conditional probability of detection at CHPw
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Appendix C, Table 2
Parameter Estimates (standard errors in parentheses) for Tagged Juvenile Chinook Salmon Released in 2010, Excluding 
Predator-type Detections. Parameters Without Standard Errors Were Estimated at Fixed Values in the Model. Estimates 

of Parameters for Multiple Release Sites are Weighted Averages of the Site-specific Estimates. Population-level 
Estimates are Weighted Averages of Release Group Estimates. Some Parameters Were Not Estimable Because of Sparse 

Data. Release Sites are Defined as: DF = Durham Ferry, OR = Old River, STK = Stockton.

Parameter Release 
Site

Release Occasion
Population 
Estimate

1 2 3 4 5 6 7

S
A1

DF 0.97 (0.02) 1.00 0.97 (0.02) 1.00 1.00 1.00 0.98 (0.02) 0.99 (0.00)
S

A2
DF 0.91 (0.03) 1.00 0.95 (0.03) 0.96 (0.02) 0.97 (0.02) 0.97 (0.02) 0.88 (0.04) 0.95 (0.01)

S
A3

DF 0.92 (0.03) 0.97 (0.02) 0.91 (0.03) 0.84 (0.05) 0.96 (0.02) 0.89 (0.04) 0.90 (0.04) 0.91 (0.01)
S

A4
DF 0.93 (0.05) 0.91 (0.05) 0.79 (0.08) 0.83 (0.07) 0.93 (0.05) 0.82 (0.07) 0.72 (0.08) 0.85 (0.02)

S
A5

DF 1.03 (0.09) 0.96 (0.04) 0.90 (0.07) 0.95 (0.07) 1.00 0.91 (0.06) 0.92 (0.06) 0.95 (0.02)
S

A6
DF, STK 0.52 (0.07) 0.47 (0.07) 0.24 (0.06) 0.37 (0.07) 0.55 (0.06) 0.16 (0.05) 0.59 (0.07) 0.41 (0.02)

S
B1

DF, OR
y

A1
DF 0.48 (0.06) 0.44 (0.06) 0.39 (0.06) 0.52 (0.07) 0.45 (0.06) 0.43 (0.06) 0.59 (0.07) 0.47 (0.02)

y
B1

DF 0.52 (0.06) 0.56 (0.06) 0.61 (0.06) 0.48 (0.07) 0.55 (0.06) 0.57 (0.06) 0.41 (0.07) 0.53 (0.02)
y

A2
DF, STK 0.91 (0.05) 0.97 (0.03) 1.00 0.95 (0.05) 0.85 (0.06) 0.75 (0.15) 0.93 (0.05) 0.91 (0.03)

y
F2

DF, STK 0.09 (0.05) 0.03 (0.03) 0.00 0.05 (0.05) 0.15 (0.06) 0.25 (0.15) 0.07 (0.05) 0.09 (0.03)
y

B2
DF, OR

y
C2

DF, OR
f

A7,A8
DF, STK 0.65 (0.09) 0.45 (0.09) 0.67 (0.14) 0.35 (0.11) 0.35 (0.09) 0.33 (0.19) 0.54 (0.10) 0.48 (0.05)

f
A8,G1

DF, STK 0.25 (0.10) 0.08 (0.07) 0.13 (0.12) 0.43 (0.19) 0.40 (0.16) 0.51 (0.36) 0.48 (0.12) 0.32 (0.07)
f

B1,B2
DF 0.90 (0.05) 0.97 (0.03) 0.89 (0.05) 0.85 (0.07) 0.94 (0.04) 0.86 (0.06) 0.91 (0.06) 0.90 (0.02)

f
B2,B3

DF, OR 0.33 (0.06) 0.30 (0.05) 0.27 (0.05) 0.04 (0.02) 0.33 (0.06) 0.31 (0.06) 0.18 (0.05) 0.25 (0.02)
f

B2,C2
DF, OR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

f
B2,D1O

DF, OR 0.33 (0.06) 0.27 (0.05) 0.18 (0.05) 0.30 (0.06) 0.27 (0.08) 0.09 (0.04) 0.00a 0.21 (0.02)
f

B2,D1C
DF, OR 0.13 (0.04) 0.08 (0.03) 0.15 (0.04) 0.16 (0.05) 0.14 (0.05) 0.04 (0.02) 0.08a (0.04) 0.11 (0.02)

f
B2,E1

DF, OR 0.28 (0.05) 0.33 (0.06) 0.29 (0.11) 0.23 (0.06) 0.45 (0.38) 0.75 (0.26) 0.38 (0.08)
l

B2,E1
DF, OR 0.16 (0.05)

f
B3,G1

DF, OR 0.00 0.00 0.00 0.00 0.05 (0.05) 0.00 0.00 0.01 (0.01)
f

C1,B3
DF, OR

f
C1,C2

DF, OR
f

C1,D1O
DF, OR

f
C1,D1C

DF, OR
f

C1,E1
DF, OR

f
C2,G1

DF, OR
f

D1O,D2
DF, OR 0.52 (0.11) 0.45 (0.11) 0.17 (0.11) 0.35 (0.12) 0.33 (0.14) 0.33 (0.19) 0.36 (0.05)

f
D1C,D2

DF, OR 0.37 (0.17) 0.33 (0.19) 0.60 (0.16) 0.11 (0.10) 0.5 (0.20) 0.00 0.00 0.28 (0.05)
f

D2,G1
DF, OR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

f
E1,E2

DF, OR 0.00 0.19 (0.09) 0.23 (0.09) 0.60 (0.21) 0.55 (0.15) 0.50 (0.35) 0.27 (0.11) 0.33 (0.07)
f

E2,G1
DF, OR 0.50 (0.25) 0.20 (0.18) 0.33 (0.27) 1.00 1.00 0.90 (0.10) 0.65 (0.07)

f
F1,G1

DF, STK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
f

OR,B1
OR 1.00 1.00 1.00 1.00 1.00 0.98 (0.03) 0.97 (0.03) 0.99 (0.01)

f
STK,A6

STK 1.07 (0.08) 0.99 (0.09) 0.95 (0.04) 0.95 (0.06) 1.00 0.86 (0.06) 0.82 (0.07) 0.95 (0.02)
P

A2
DF 0.95 (0.03) 0.88 (0.04) 0.88 (0.04) 0.93 (0.03) 0.97 (0.02) 0.96 (0.02) 0.95 (0.03) 0.93 (0.01)

P
A3

DF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P

A4
DF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

P
A5

DF 1.00 0.96 (0.04) 1.00 1.00 1.00 1.00 0.95 (0.05) 0.99 (0.01)
P

A6
DF, STK 0.71 (0.08) 0.76 (0.10) 1.00 0.95 (0.05) 0.98 (0.02) 1.00 0.96 (0.04) 0.91 (0.02)

P
A7a

DF, STK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P

A7b
DF, STK 0.97 (0.03) 0.97 (0.03) 0.92 (0.08) 0.95 (0.05) 0.86 (0.06) 0.83 (0.15) 1.00 0.93 (0.03)

P
A8a

DF, STK 1.00 1.00 1.00 1.00 0.89 (0.11) 1.00 0.92 (0.08) 0.97 (0.02)
P

A8b
DF, STK 1.00 1.00 0.87 (0.12) 0.82 (0.08) 0.79 (0.13) 1.00 0.84 (0.10) 0.90 (0.03)

P
B1

DF, OR 0.98 (0.02) 0.99 (0.01) 1.00 1.00 1.00 0.98 (0.02) 1.00 0.99 (0.00)
P

B2a
DF, OR 0.98 (0.02) 1.00 0.99 (0.01) 1.00 1.00 1.00 1.00 1.00 (0.00)

P
B2b

DF, OR 0.00 0.90 (0.03) 1.00 0.47 (0.06) 0.37 (0.06) 0.00 0.00 0.40 (0.01)
P

B3a
DF, OR 1.00 0.86 (0.07) 1.00 1.00 1.00 1.00 1.00 0.98 (0.01)

P
B3b

DF, OR 0.90 (0.06) 0.95 (0.05) 0.60 (0.15) 1.00 0.67 (0.10) 0.40 (0.11) 0.67 (0.16) 0.74 (0.04)
P

C1
DF, OR

P
C2a

DF, OR
P

C2b
DF, OR

P
D1

DF, OR 1.00 1.00 1.00 1.00 0.70 (0.14) 1.00 1.00a 0.96 (0.02)
P

E1
DF, OR 1.00 1.00 0.30 (0.14) 0.75 (0.15) 0.14 (0.13) 0.40 (0.15) 0.60 (0.05)

P
F1a

DF, STK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (0.00)
P

F1b
DF, STK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (0.00)

P
G1a

DF, OR, 
STK

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (0.00)

P
G1b

DF, OR, 
STK

1.00 1.00 1.00 1.00 0.92 (0.07) 0.75 (0.15) 1.00 0.95 (0.02)

 a = Under assumption that P
D1aO=1

.
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Appendix C, Table 3
Parameter Estimates (standard errors in parentheses) for Tagged Juvenile Chinook Salmon Released in 2010, Including 
Predator-type Detections. Parameters Without Standard Errors Were Estimated at Fixed Values in the Model. Estimates 

of Parameters  for Multiple Release Sites are Weighted Averages of the Site-specific Estimates. Population-level 
Estimates are Weighted Averages of Release Group Estimates. Some Parameters Were Not Estimable Because of 

Sparse Data. Release Sites are Defined as: DF = Durham Ferry, OR = Old River, STK = Stockton.

Parameter Release 
Site

Release Occasion
Population 
Estimate

1 2 3 4 5 6 7

S
A1

DF 0.99 (0.01) 1.00 1.00 (0.01) 1.00 1.00 1.00 1.00 (0.02) 1.00 (0.00)
S

A2
DF 0.93 (0.03) 1.00 0.94 (0.03) 0.96 (0.02) 0.97 (0.02) 0.99 (0.01) 0.86 (0.04) 0.95 (0.01)

S
A3

DF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
S

A4
DF 0.97 (0.03) 0.91 (0.05) 0.92 (0.05) 0.89 (0.05) 0.94 (0.04) 0.87 (0.05) 0.78 (0.07) 0.90 (0.02)

S
A5

DF 0.97 (0.07) 1.00 0.99 (0.05) 0.95 (0.04) 1.00 0.97 (0.03) 0.99 (0.04) 0.98 (0.02)
S

A6
DF, STK 0.68 (0.07) 0.69 (0.06) 0.54 (0.07) 0.70 (0.06) 0.82 (0.05) 0.35 (0.06) 0.71 (0.06) 0.64 (0.02)

S
B1

DF, OR
y

A1
DF 0.50 (0.06) 0.43 (0.06) 0.38 (0.06) 0.55 (0.06) 0.47 (0.06) 0.49 (0.06) 0.60 (0.06) 0.49 (0.02)

y
B1

DF 0.50 (0.06) 0.57 (0.06) 0.62 (0.06) 0.45 (0.06) 0.53 (0.06) 0.51 (0.06) 0.40 (0.06) 0.51 (0.02)
y

A2
DF, STK 0.85 (0.05) 0.96 (0.04) 0.94 (0.04) 0.78 (0.06) 0.85 (0.05) 0.82 (0.08) 0.90 (0.05) 0.87 (0.02)

y
F2

DF, STK 0.15 (0.05) 0.04 (0.04) 0.06 (0.04) 0.22 (0.06) 0.15 (0.05) 0.18 (0.08) 0.10 (0.05) 0.13 (0.02)
y

B2
DF, OR

y
C2

DF, OR
f

A7,A8
DF, STK 0.63 (0.08) 0.58 (0.07) 0.72 (0.08) 0.62 (0.08) 0.62 (0.07) 0.73 (0.11) 0.51 (0.08) 0.63 (0.03)

f
A8,G1

DF, STK 0.32 (0.09) 0.04 (0.04) 0.35 (0.11) 0.47 (0.11) 0.44 (0.10) 0.47 (0.14) 0.48 (0.12) 0.36 (0.04)
f

B1,B2
DF 0.94 (0.04) 0.98 (0.02) 0.93 (0.04) 0.93 (0.05) 1.00 1.00 0.96 (0.04) 0.96 (0.01)

f
B2,B3

DF, OR 0.36 (0.06) 0.24 (0.05) 0.18 (0.05) 0.11 (0.04) 0.19 (0.05) 0.21 (0.05) 0.04 (0.03) 0.19 (0.02)
f

B2,C2
DF, OR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

f
B2,D1

DF, OR 0.35 (0.06) 0.38 (0.06) 0.37 (0.06) 0.45 (0.06) 0.39 (0.08) 0.24 (0.05) 0.00 0.31 (0.02)
f

B2,E1
DF, OR 0.27 (0.06) 0.38 (0.06) 0.44 (0.13) 0.51 (0.11) 0.98 (0.58) 1.12 (0.26) 0.61 (0.11)

f
B2,E1

0.19 (0.05)
f

B3,G1
DF, OR 0.00 0.00 0.00 0.15 (0.14) 0.08 (0.08) 0.13 (0.09) 0.00 0.05 (0.03)

f
C1,B3

DF, OR
f

C1,C2
DF, OR

f
C1,D1

DF, OR
f

C1,E1
DF, OR

f
C2,G1

DF, OR
f

D1,D2
DF, OR 0.87 (0.07) 0.79 (0.08) 0.88 (0.07) 0.46 (0.09) 0.63 (0.12) 0.82 (0.09) 0.74 (0.04)

f
D2,G1

DF, OR 0.00 0.04 (0.04) 0.00 0.00 0.00 0.00 0.01 (0.01)
f

E1,E2
DF, OR 0.15 (0.08) 0.27 (0.08) 0.21 (0.08) 0.41 (0.11) 0.19 (0.12) 0.21 (0.07) 0.24 (0.04)

f
E2,G1

DF, OR 1.00 0.88 (0.12) 0.72 (0.17) 0.77 (0.13) 0.79 (0.11) 0.88 (0.12) 0.93 (0.07) 0.85 (0.04)
f

F1,G1
DF, STK 0.00 0.00 0.00 0.10 (0.10) 0.00 0.25 (0.22) 0.00 0.05 (0.03)

f
OR,B1

OR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
f

STK,A6
STK 1.07 (0.05) 1.07 (0.06) 1.01 (0.04) 0.96 (0.04) 1.00 0.98 (0.03) 0.99 (0.04) 1.01 (0.02)

P
A2

DF 0.96 (0.02) 0.88 (0.04) 0.88 (0.04) 0.93 (0.03) 0.97 (0.02) 0.96 (0.02) 0.95 (0.03) 0.93 (0.01)
P

A3
DF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

P
A4

DF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P

A5
DF 1.00 0.97 (0.03) 1.00 1.00 1.00 1.00 0.96 (0.04) 0.99 (0.01)

P
A6

DF, STK 0.74 (0.06) 0.78 (0.09) 0.94 (0.04) 0.98 (0.02) 0.98 (0.02) 1.00 0.93 (0.04) 0.91 (0.02)
P

A7a
DF, STK 0.97 (0.03) 0.89 (0.05) 0.90 (0.06) 0.94 (0.04) 0.91 (0.04) 0.94 (0.05) 0.92 (0.04) 0.92 (0.02)

P
A7b

DF, STK 1.00 1.00 0.96 (0.03) 0.97 (0.03) 0.95 (0.03) 1.00 1.00 0.98 (0.01)
P

A8a
DF, STK 0.96 (0.04) 0.96 (0.04) 1.00 1.00 0.96 (0.03) 0.92 (0.06) 0.95 (0.04) 0.96 (0.01)

P
A8b

DF, STK 1.00 1.00 1.00 1.00 0.96 (0.03) 0.92 (0.06) 0.95 (0.04) 0.98 (0.01)
P

B1
DF, OR 0.99 (0.01) 0.99 (0.01) 1.00 1.00 1.00 0.99 (0.01) 1.00 1.00 (0.00)

P
B2a

DF, OR 0.98 (0.02) 1.00 0.99 (0.01) 1.00 1.00 1.00 1.00 1.00 (0.00)
P

B2b
DF, OR 0.01 (0.01) 0.91 (0.03) 0.97 (0.03) 0.71 (0.09) 0.35 (0.06) 0.00 0.00 0.43 (0.02)

P
B3a

DF, OR 0.86 (0.08) 0.72 (0.10) 0.82 (0.12) 1.00 0.90 (0.09) 0.92 (0.07) 1.00 0.89 (0.03)
P

B3b
DF, OR 0.86 (0.08) 1.00 0.67 (0.26) 0.57 (0.19) 0.82 (0.12) 0.86 (0.09) 1.00 0.82 (0.05)

P
C1

DF, OR
P

C2a
DF, OR

P
C2b

DF, OR
P

D1
DF, OR 1.00 0.96 (0.04) 1.00 1.00 0.63 (0.12) 1.00 0.93 (0.02)

P
E1

DF, OR 1.00 0.92 (0.06) 0.74 (0.21) 0.57 (0.13) 0.25 (0.15) 0.53 (0.14) 0.67 (0.05)
P

F1a
DF, STK 0.86 (0.13) 1.00 1.00 1.00 1.00 0.75 (0.22) 1.00 0.94 (0.04)

P
F1b

DF, STK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P

G1a
DF, OR, STK 0.91 (0.09) 1.00 1.00 1.00 0.96 (0.04) 1.00 1.00 0.98 (0.01)

P
G1b

DF, OR, STK 1.00 0.89 (0.00) 1.00 0.95 (0.05) 0.96 (0.04) 0.88 (0.08) 0.95 (0.05) 0.95 (0.02)
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