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The inability to replace the river water holding the 
pools rigid with cooler water from the transport truck 
for the first Durham Ferry release, resulted in higher 
water temperatures in the pools ( 21.2°C) than in the 
river (17.2°C) due to solar radiation prior to loading 
the buckets into the pools. Once the buckets were 
placed in the pools the water temperature in the pools 
decreased. Water temperature in the river subsequently 
increased to 19.1 ° C by the time the fish were released- 
approximately three hours later. 

Water quality in the pools was maintained during the 
holding period through continuous exchange of water 
between the river and the pools using pumps.  

As in past years, we had previously asked the local 
farmer to turn off his adjacent agricultural pump near 
Durham Ferry so that fish could be released without 
being exposed to the potential mortality associated 
with the agricultural pump. Once at the release site, it 
appeared we did not have a guarantee that the pump 
would be shutoff long enough for the first release 
or that it would be shut off for all following releases 
scheduled at Durham Ferry. Thus to assure the fish 
from our releases did not experience mortality or 
differential mortality associated with the operation of 
the agricultural pump a boat was obtained to ferry the 
buckets of fish downstream before releasing them. This 
change to the protocol increased the tempering/holding 
time of the first Durham Ferry group to around 3 hours 
and 10 minutes, with an additional 20-25 minutes to 
make the 3 to 5 trips downstream to release all of the 
fish. Immediately prior to release each bucket was 
checked for any dead or impaired fish. All fish were alive 
at the time of release at approximately 17:00 h.  

For the night release at Durham Ferry on April 29th, the 
water temperature in the pools that had originated from 
the river was identical to that in the river. To make the 
night-time release more comparable to the day release, 
we did not temper the water in the pools. We held the 
fish in the pools for 3 hours to obtain a similar holding 
period to the fish released during the day. The night 
release was made at approximately 22:00 h using the 
boat ferrying method. One fish was observed dead just 
prior to the night release.

For both Durham Ferry releases on May 6th, 200-gallon 
tubs (instead of small swimming pools) were filled with 
river water prior to loading the buckets into the tubs. 
Shade structures were used to prevent the temperature 
of the river water from increasing once it was in the 
tubs. Once buckets were loaded into the tubs, the 
tempering was completed over 2 hours. Fish in buckets 
were ferried by boat on multiple trips to the release site. 
Releases were completed by 16:35 h and 22:00 h. No 

dead fish were observed in either of the Durham Ferry 
releases made on May 6th.  

For the day and night releases at Stockton on May 
1st and May 8th, the 200 gallon tubs were filled with 
hatchery water from the transport truck prior to putting 
the buckets into the tubs (Photo 5-1). Once the buckets 
containing the fish were placed in the tubs, river 
water was put into the tubs until temperature reached 
equilibrium, about 1 1/2 hours. Fish were held for 
another 30-45 minutes and then loaded into a boat and 
transported by boat to the release site (10 minutes). Two 
boat trips were made for each of the Stockton releases 
on each day: two for the day releases and two for the 
night releases. 

The tagged fish were released by boat on the San Joaquin 
River about 300 yards downstream of Durham Ferry 
(river mile [RM] 69.5), and near Stockton, downstream of 
Buckley Cove (RM 37) at Windmill Cove in the middle of 
the main channel (RM35.5). 

Photo 5-1
Buckets in acclimation tubs at Stockton

Dummy-tagged fish

Dummy-tagged fish were put into net pens at the release 
sites just after the release of the other tagged fish. A 
total of 80 dummy-tagged fish were held in the net 
pens to assess the direct effect of tagging and transport 
processes on the mortality of test fish. Twenty fish, 
implanted with dummy tags, were held at each of the 
release sites (Durham Ferry and Stockton) each week. 
Each of the day and night releases had 10 dummy-tagged 
fish transported with the functionally tagged groups. 
Dummy-tagged fish were held in net pens (volume ~ 
1m3; mesh size ~3 mm) at each release location for 48 
hours. After 48 hours, each of the dummy-tagged fish 
was examined for mortality and condition. Dummy tags 
used during the first release period were reused during 
the second week of tagging.
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the proportion of tags allocated to each site and the 
precision of parameter estimates. These data were 
used to select the optimal allocation to each site. 
Given two release periods (separated by one week) 
at each site, both full and reduced models were used 
with a “predicted” data set to estimate the precision 
about each parameter with a range of tag allocations. 
As expected with a fixed number of tags available for 
each release period (n = 475), allocating more tags to 
a given release site under the full model increased the 
precision of estimates based solely on fish released at 
that site, but decreased precision of estimates based 
on fish released at the other site (Figure 5-1). The 
intersection of the two lines represents the allocation 
that provides highest precision for both release groups 
given the specific input parameters in the model (in 
this case, the “predicted” scenario). However, the 
relationship between allocation (i.e., sample size) and 
precision is non-linear; “flatter” segments of the curve 
may be considered more stable. Thus, the optimal tag 
allocation, based on both intersection (to maximize 
precision for both releases) and stability (to minimize 
risk) was selected. Visual assessment of “precision 
versus allocation” curves for all parameters under the 
“predicted” scenario suggested that the optimal tag 
allocation would be 60 % (n = 285) to Durham Ferry 
and 40 % (n = 190) to Stockton, respectively.

Another simulation was conducted to investigate how 
using 50 fish (15 to each Durham Ferry release; 10 to 
each Stockton release) in the experiment instead of in a 
tag life study would increase the precision of parameter 
estimates. We ran the full and reduced models under the 
“predicted” scenario, where 300 and 200 tagged smolts 
(versus 285 and 190) are released at Durham Ferry and 
Stockton, respectively. Incorporating these extra tags 
caused the standard error for each parameter to increase 
by no more than 0.004 and 0.002 under the full and 
reduced models, respectively. Given the value of tag life 
data and the minimal increase in precision associated 
with allocating an additional 50 fish to the experimental 
releases, it was concluded that these tags were most 
valuable when allocated to a tag life study. 

Fish Monitoring

Receiver locations

The hydrophone receiver network shown in Figure 5-2 
was developed as part of a series of collaborative and 
collegial VAMP biology group meetings involving SJRA 
partners along with agency (NOAA, EPA, USGS, etc.) 
and stakeholder input. Throughout these discussions a 
hierarchy of study objectives were discussed in relation 
to the tradeoffs associated with a variety of different 
hydrophone placement scenarios. Principal objectives 

of the proposed hydrophone layout are to: 1) estimate 
overall survival to Chipps Island and 2) to compare 
overall survival in the main stem San Joaquin River 
to survival in the central delta, which is potentially a 
function of San Joaquin River flows and export rates.

Receivers at Chipps Island and Jersey Point were 
difficult to deploy due to the large channel width at 
those locations. Multi-port (4) hydrophones were placed 
across the channel to assure detection of the acoustically 
tagged fish as they passed these locations. At Chipps 
Island, Jersey Point and Three-Mile Slough, independent 
dual arrays were deployed so that survival to those 
locations could be estimated.  

In addition, acoustic receivers were located upstream 
(STP (n)) and downstream (STP(s)) of the Stockton 
Waste Water Treatment Plant (WWTP) to estimate 
mortality that occurred between the two receivers. 
During the 2007 experiment, 116 of 800 tags released 
were found “not moving” near the Stockton WWTP. 

Receiver Monitoring

Personnel from the DFG, USFWS Stockton Office, DWR 
and the USBR maintained a total of 20 receivers. The 
receivers were monitored once per week from April 28th 
through May 28th. At each site, the receiver strongbox 
was opened and the battery was removed, replacing it 
with a fully-charged battery. The Universal Serial Bus 
(USB) flash drives with the acoustic monitoring data on 
it were replaced with empty flash drives each week. Used 
batteries were recharged for use the following week. 
USGS maintained the multi-port receivers at Jersey Point 
and Chipps Island (MAL).

Eleven sites required use of a boat operator and crew to 
change out the batteries and retrieve the data. Sites that 
were maintained using a boat were Three Mile Slough 
(TMS, north and south), False River (FAL), North Old 
River (OSJ), Stockton Waste Water Treatment Facility 
(STP north (n) and south (s)), channel marker 16 and 
18 (SJT), Middle River (MR) and Turner Cut (TRN, 
north and south) (Figure 5-2 and Photo 5-2). 

Temperature Monitoring

Water temperature was monitored during the VAMP 
2008 study using individual computerized temperature 
recorders (e.g., HOBO U22 Water Temp Pro v2 
manufactured by Onset Computer Corporation). Water 
temperatures were measured at locations along the 
longitudinal gradient of the San Joaquin River and 
interior Delta channels between Durham Ferry and 
Chipps Island – locations along the migratory pathway 
for the juvenile Chinook salmon released as part of 
these tests (Appendix C-1). As part of the 2008 VAMP 
monitoring program, additional temperature recorders 
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were deployed in the south and central Delta (Appendix 
C-1) to provide geographic coverage for characterizing 
water temperature conditions while juvenile salmon 
emigrated from the lower San Joaquin River through the 
Delta. Water temperature was recorded at 24-minute 
intervals throughout the period of the VAMP 2008 
investigations. Water temperatures were also recorded 
within the hatchery raceways at the MRH coincident 
with the period when juvenile Chinook salmon were 
being tagged and held.

Results of water temperature monitoring within the 
MRH showed that juvenile Chinook salmon were 
reared in, and acclimated to, water temperatures of 
approximately 11°- 17° C (52° - 63° F) prior to release 
into the lower San Joaquin River (Appendix C-2). 
Results of water temperature monitoring at Durham 
Ferry, Stockton (confluence), and Chipps Island during 
the April-May fall-run Chinook salmon smolt emigration 
from the San Joaquin River through the Delta are 
shown in Figures 5-3, 5-4, and 5-5. Water temperature 
monitoring showed that water temperatures throughout 
the lower San Joaquin River and Delta (Appendix C-2) 
were higher than those at the hatchery during the spring 
months, which is consistent with results of temperature 
monitoring in all previous years of the VAMP tests. 
Water temperatures measured within the lower San 
Joaquin River and Delta (Figures 5-3 , 5-4 , and 5-5 ; 
Appendix C-2) were within a range considered to be 
suitable (typically < 20 C; 68 F) during April and the 
majority of May in the mainstem San Joaquin River (e.g., 
Durham Ferry, Stockton, and Chipps Island, and at other 
monitoring locations (Appendix C-2) but exceeded 20 
C (68 F) in the lower San Joaquin River in late May; 
Appendix C-2). Water temperatures within the lower 
San Joaquin River showed a typical seasonal pattern 

Photo 5-2
Battery maintenance being performed at  
San Joaquin River, Channel Marker 16

of increasing temperature during the spring months. 
Results of the 2008 water temperature monitoring, in 
contrast to results from previous years, showed that 
water temperatures in the lower river were similar to 
water temperatures observed further downstream during 
April and were lower at Chipps Island in late May 
(Figure 5-5) when compared to temperatures further 
upstream (Figures 5-3 and 5-4). Water temperatures 
measured in the river during April-May would not be 
expected to result in adverse effects or reduced survival 
of emigrating juvenile Chinook salmon released as part 
of the VAMP 2008 investigations. Water temperatures 
measured downstream within the Delta during April and 
early May were within the general range considered to be 
suitable for juvenile fall-run Chinook salmon migration.

Evaluation for delayed mortality and saltwater 
survival – Effects of Proliferative Kidney Disease.

Introduction:

Proliferative Kidney Disease has been diagnosed in MRH 
juvenile Chinook salmon for several decades (Hedrick 
et al 1986). This trout and salmon disease is caused 
by the myxosporean parasite of freshwater bryozoans, 
Tetracapsuloides bryosalmonae (Canning et al. 2002). 
The progressive kidney inflammation and associated 
hypoplastic anemia is likely to reduce the fitness and 
performance of affected fish (Clifton-Hadley et al. 
1987).  Nichols and Foott (2002) report T. bryosalmonae 
infections in natural juvenile Chinook salmon collected 
in the Merced and Tuolumne Rivers. The bryozoan 
Fredericella is reported as a host for T. bryosalmonae and 
was observed at the water intakes of MRH (Okamura 
and Wood 2002). Okamura and Wood speculate that 
salmonids may be an accidental host for this bryozoan 
parasite given the strong inflammatory response 
characterized by PKD and the observation that infections 
can occur from water supplies without fish.  The 
incidence of T. bryosalmonae infection in MRH salmon 
inspected prior to and shortly after release has ranged 
from 4 – 100% (Harmon et al. 2004). The vast majority 
of these infections have been deemed early and the fish 
were asymptomatic. In 2005, the performance of MRH 
Chinook was tracked in swim and saltwater challenges 
through mid-June (Foott et al. 2007).

The objective of the study  in 2008 was to follow the 
health status and saltwater adaptation performance of  
T. byrosalmonae infected MRH juvenile Chinook salmon 
used for the Vernalis Adaptive Management Plan 
(VAMP) out-migrant salmon study. These fish were 
reared at temperatures similar to the San Joaquin River 
at the CNFHC wet laboratory for a period of time that 
encompassed the out-migration of the VAMP study 
population.
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The 1999 USEPA guidelines for CCC use fish death 
as a measurable endpoint after 30 days of exposure in 
a controlled system. However, it has been shown that 
values of ammonia below the CCC can cause changes in 
fish behavior that can influence fish survivability in real 
systems. Several studies have found that levels of TAN 
from 0.001 – 0.25 mg/L are detrimental to the swimming 
speed of salmonids, therefore reducing survivability 
(Buhl, 2002; Randall and Tsui, 2002; McKenzie et al., 
2003; Passell et al., 2007). In addition, some studies have 
shown that when fish are swimming, feeding, or stressed 
by additional contaminants such as Cu, salt, chlorine or 
other environmental conditions they will have increased 
sensitivity to ammonia (Randall and Tsui, 2002; Passell 
et al., 2007). Cu at levels as low as 0.08 µM (5 ¨µg/L) has 
been shown to increase the level of ammonia in blood 
because it interferes with the ion regulatory systems 
and impairs ammonia excretion and increases internal 
ammonia production from food digestion (McKenzie 
et al., 2003). While Cu was not measured in this study, 
historical data shows an average value of 1.7 ¨µg/L Cu in 
the SJR, with measured values ranging from 1 to 70 µg/L 
(DWR, 2004; Buck et al., 2007).

Conclusions

Water quality monitoring was performed in the SJR 
adjacent to the Stockton WWTP during the 2008 
VAMP fish release. Results demonstrate that the WWTP 
discharge has an effect on water quality especially in 
respect to N compounds, including TAN. However, 
concentrations of ammonia are below the CCC 
established by the USEPA for protection of fish health. 
Further study is need to determine if a combination 
of water quality constituents, including salts, Cu, and 
chlorine, could combine to create conditions that would 
reduce the survivability of salmonids in the SJR.

Survival and Physiological Evaluation of Chinook 
Salmon held in the San Joaquin River near the 
Stockton Wastewater Treatment Plant, May 2008.

Contributed by Ken Nichols and J. Scott Foott, USFWS, CA-
NV Fish Health Center

Introduction

As a component of the 2008 Vernalis Adaptive 
Management Plan (VAMP) study on reach-specific 
survival and distribution of migrating Chinook salmon 
in the San Joaquin River and delta, the CA-NV FHC 
conducted a bioassay to assess acute water quality 
effects on salmon. In 2007, acoustic tags from juvenile 
Chinook salmon were detected “not moving” near the 
Stockton Waste Water Treatment Plant (WWTP). Due to 
the mortality observed in 2007, aquatic bioassays were 
conducted in the critical reach near the WWTP during 
the initial 24 hours of the 2008 VAMP study releases.

Methods

Fish

Juvenile Chinook salmon used in this study were 
reared at the California Department of Fish and Game 
Merced River Hatchery (MRH) and were cohorts of the 
acoustic tagged Chinook used in the VAMP survival 
and distribution studies. Exposures began on the 
same days as the acoustic tagged fish were released at 
Durham Ferry. The first exposure began on May 1st and 
the second exposure on May 8th. Prior to transport, 
weight and fork length were measured from 20 fish of 
the tank population used for the study. This data was 
not collected at the exposure sites to speed necropsy. 
Another 60 salmon were transported in an aerated 80 gal 
tank to the bioassay sites in 6 live cages (10 fish / cage). 
Total transport time averaged 2 hours.

Sites

The three exposure sites were at the Stockton WWTP 
outfall (WWTP), Burn’s Cut about 0.5 miles downstream 
of the water treatment plant (Downstream), and a 
control site at Bryant Bridge approximately 8 miles 
upstream of the WWTP (Control). Two live cages were 
placed at each site. Temperature and dissolved oxygen 
were measured at each site using a Hach HQ10 portable 
LDO meter at the end of each exposure.

Figure 6-14
Photomicrograph of Microvesecular hepatocyte vacuoles 

in the liver of juvenile fall Chinook salmon. H&E stain.

Figure 6-15
Photomicrograph of epithelial edema in the gill of juvenile 

fall Chinook salmon. H&E stain.
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Sampling

One live cage at each of the 3 sites was sampled after 
4 and the other at 24 hours post exposure. Fish were 
euthanized in an overdose of MS222 and immediately 
bled into heparinized microhematocrit tubes from the 
severed caudal peduncle. Blood was used to prepare a 
blood smear, assay for methemoglobin, centrifuged to 
obtain the hematocrit value and collect plasma. Plasma 
was held on dry ice for frozen transportation back to 
-80ºC storage. Tissues were collected for histology, and 
samples of gill, liver and kidney collected and frozen 
in liquid nitrogen for further analysis, if needed, by Dr. 
Inge Warner (UC Davis).

Assays

Histopathology – The gills, viscera (intestinal tract, 
pyloric caeca, heart, liver and spleen) and posterior 
kidney were rapidly removed from the fish and 
immediately fixed in Davidson’s fixative, processed for 
5 mm paraffin sections and stained with hematoxylin 
and eosin (Humason 1979). All tissues for a given fish 
were placed on one slide and identified by a unique code 
number. Each slide was examined at low (40X) and high 
magnification (400X). 

Methemoglobin (metHb) Assay – Elevated nitrite levels 
can induce methemoglobinema in fish (Wedemeyer 
1996). A blood sample was tested for percent 
methemoglobin using a method modified from Fairbanks 
and Klee (1994). In short, 20 ml of blood was diluted 
in 1980 ml phosphate buffer (0.067M, pH 6.7). The 
samples was mixed and split into 2 cuvets (A and B). A 
solution of 20% K

3
Fe(CN)

6
 was added to cuvet B and 

allowed to react for 2 min. The absorbance (630 nm) of 
both cuvets was then read in a spectrophotometer (A

1
 

and B
1
) using 50% phosphate buffer in water as a blank. 

A drop of neutralized cyanide (6% acetic acid and 5% 
sodium cyanide in water) was added to all cuvets. The 
sample was mixed and absorbance read again (A

2
 and 

B
2
). The percent metHb was then calculated as 100*(A

1
-

A
2
)/(B

1
-B

2
).

White blood cell count – Blood smears were stained 
with a Diff-Quick stain kit (Dade-Behring, Newark DE) 
and read at 1000X magnification. A total of 100 white 
blood cells were counted and identified to lymphocyte, 
thrombocyte, neutrophil, or monocyte. The ratio of 
leukocytes to granulocytes (neutrophil) was calculated.

Plasma total protein and chloride – Plasma was stored 
at -80ºC until analyzed. Total protein was measured 
using colorimetric analysis reagents from Point Scientific 
(Canton, Michigan, kit T7528) and bovine serum 

albumin as a standard. Plasma chloride was measured 
using colorimetric analysis reagents from Point Scientific 
(kit C7501).

Results

Fish

Average (SE) fork length and weight was 96.8mm 
(0.3mm) and 9.8g (0.1g) for the May 1st exposure, 
and 106.0mm (0.6mm) and 12.3g (0.2g) for the May 
8th exposure. All fish survived the exposures. Due to a 
failure of the anchor system, one of the two live cages 
was lost at the Burn’s Cut site in the May 1st exposure. 
The 10 fish from the remaining live cage were split for 
the 4 and 24 hr samples.

Sites

The Stockton Waste Water Treatment Plant was 
discharging effluent during the May 1st (first) exposure 
period, but the plant was not discharging during the 
May 8th (second) exposure. The plant was down for 
maintenance and did not discharge for the entire 24 
hour exposure period. Dissolved oxygen measurements 
at the exposure sites ranged from 7.8-9.8 mg/L. Water 
temperature measurements ranged from 17.1 to 19.6ºC 
on the May 1 exposure and 19.4 to 21.5ºC on the May 
8th exposure.

Assays

Histopathology 

Most of the fish in the experiment were infected with 
Tetracapsuloides bryosalmonae (Tb) with associated 
kidney inflammation apparent in only a few samples 
(Tables 6-5 and 6-6). There was no difference in 
Tb infection between exposure groups or sites. The 
incidence of microvesicular hepatocyte vacuoles (Fig. 
6-14) in the liver was higher in fish exposed May 1st 
compared to fish exposed on May 8th. Similarly, edema 
of the gill epithelial layer (Figure 6-15) was noted in a 
few fish from all groups. These changes were observed 
in fish from all exposure sites with no evidence of a 
difference between sites. 

MetHb assay

This assay failed to perform under field conditions. 
Results were highly variable ranging from negative 
values to well over 100% MetHb. 

Hematocrit

Values were all within normal range (25-55 %,  
Table 6-7). The only significant difference detected was 
between the May 8th Downstream and WWTP 24 hour 
exposure groups (P<0.001, ANOVA). None of the fish 
had HCT values suggesting anemia.
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Background

Acoustic telemetry was used to estimate survival, 
distribution and travel times of migrating juvenile 
Chinook salmon through the lower San Joaquin River 
and Sacramento-San Joaquin Delta as part of the 2008 
VAMP study. Because premature tag failure can result in 
biased survival estimates from fixed-station telemetry 
studies, we conducted an in-tank tag life extinction study 
to quantify the rate of tag extinction under the operating 
parameters used. HTI model 795-S acoustic transmitters 
(hereafter referred to simply as S tags) were selected for 
the 2008 VAMP studies largely due to their small size. 
The S tag, weighing 0.65 g in air, was recently introduced 
by HTI as a replacement for the 0.70 g 795-M tag. The 
S tag was expected to perform equally to the M tag in 
terms of source level (i.e., detection range) and reliability 
(i.e., tag life). Based on results from six separate in-tank 
tag extinction studies using M-tags in the Columbia 
River Basin between 2004 and 2007, we anticipated that 
minimum tag life for the S tags under our operating 
parameters (double-pulse encoding, 8-10 second (s) 
period range, 2 millisecond (ms) pulse width, CODE 2 
pulse width encoding) would be no less than 11 days.

Methods

Tag life studies were conducted at the USGS Columbia 
River Research Laboratory, Cook, WA. A stratified 
random sample of 50 S tags was collected from all 1001 
S tags initially allocated to the study. On May 21, 2008, 
we attempted to program (i.e, initialize) all 50 tags. Tag 
programming methodologies were consistent with those 
used in the field study (i.e., tags that were implanted 
into study fish and released into the river). Upon initial 
programming each tag was “sniffed” in a cup of water 
using an HTI sniffer and monitored through at least 
three transmission cycles (e.g., one cycle = “double-
pulse” followed by 8-10 s delay and subsequent double-
pulse). Any tag that failed to program was returned to 
HTI. At least five attempts were made to program each 
tag. Tags that operated properly were affixed to a vertical 
PVC stand with hook and loop closure in a fiberglass 
tank (1.7 m diameter) within two minutes of activation. 
The tank received a continuous supply of fresh water 
throughout the duration of the study. Inflow temperature 

Appendix C-3

was thermostatically controlled to match the water 
temperature of the San Joaquin River at Jersey Point on 
each day of the field study. Water temperature was also 
logged every 30 minutes on a temperature logger at the 
bottom of the tank (Onset Tidbit). An acoustic receiver 
(HTI model 291) with two hydrophones continuously 
monitored tags in the tag life tank. Detection files were 
processed daily to determine proper function of each 
tag. Tags were considered “dead” when they were not 
detected during any single one-hour interval. The date 
and time of final transmission was recorded for each tag. 
The active duration was calculated as the elapsed time 
between initial programming and final transmission. 

During the field study, HTI provided an additional 94 S 
tags (i.e., “replacement tags”) to replace tags that failed 
to program. To identify differences in tag life between 
the two batches (i.e., “original” vs. “replacement”), 
we conducted a second tag life study in the same tank 
with an additional 27 S tags. Unlike the original tags, 
however, the 27 replacement tags were not a subsample 
of the 94 used in the study, but were provided separately 
by HTI at a later date. Tag life study for replacement 
tags commenced on May 30, 2008. Programming and 
monitoring methodologies were consistent with those 
used for the original tags.

In the field study, tagged fish were released about 24 h 
after tag programming and implantation. During this 
24 h period, all tags were held in a holding tank and 
monitored by an acoustic telemetry receiver. Non-active 
tags or tags that ceased operation were identified and 
removed from future analyses. Thus, any tag that failed 
during the first 24 h was effectively removed from the 
sample and sample sizes at each release were reduced 
accordingly. Similarly, although we documented and 
reported tag failure in the tag life study during the first 
day, these tags were not considered part of the sample 
that was used to infer tag life in the field.

Results/Discussion

A fundamental assumption of mark-recapture survival 
models is that no tags cease operation during the study 
period or within the study region. Premature tag failure 
results in biased survival estimates because such failure 
cannot be separated from fish mortality. The proportions 

Preliminary summary of tag life evaluation, tag failure rates, and sample size reductions during the 2008 VAMP 

smolt emigration study

Provided by: United States Geological Survey, Columbia River Research Laboratory.
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Appendix D Table 1
Field measurements of water quality

Site 

number
Site name

Sample 

Date

Sampling 

Time

North 

(latitude)

West 

(longitude)

Water 

Temp C

Spec 

Cond 

mS/cm

TDS g/L DO% DO mg/L pH ORP mV Turbidity

84 SJR at Garwood Station 05/01/08 7:28 37.92819 -121.32843 17.08 0.328 0.21 103.22 9.95 8.14 166.37 17.03

127 SJR at Brant Bridge 05/01/08 7:03 37.86488 -121.32267 16.49 0.329 0.21 96.15 9.39 7.82 163.42 15.80

193 Stockton WWTP effluent 05/01/08 7:50 37.93810 -121.33580 -- -- -- -- -- 6.62 -- 1.33

194 SJR at Burns Cuttoff 05/01/08 8:25 37.94101 -121.34505 17.05 0.340 0.22 101.79 9.82 7.90 160.60 18.29

195 SJR at Stockton WWTP outfall 05/01/08 7:46 37.93805 -121.33531 17.06 0.370 0.24 101.29 9.77 7.76 174.55 76.99

84 SJR at Garwood Station 05/02/08 8:10 37.92819 -121.32843 17.03 0.335 0.22 98.66 9.52 7.82 170.01 19.77

127 SJR at Brant Bridge 05/02/08 7:48 37.86488 -121.32267 16.52 0.334 0.22 95.20 9.28 7.62 169.75 19.10

193 Stockton WWTP effluent 05/02/08 8:35 37.93810 -121.33580 -- -- -- -- -- 6.55 -- 1.41

194 SJR at Burns Cuttoff 05/02/08 8:57 37.94101 -121.34505 17.13 0.355 0.23 98.38 9.47 7.66 166.88 18.16

195 SJR at Stockton WWTP outfall 05/02/08 8:26 37.93805 -121.33531 17.11 0.371 0.24 98.07 9.45 7.58 158.91 28.03

84 SJR at Garwood Station 05/03/08 9:18 37.92819 -121.32843 17.05 0.339 0.22 95.19 9.18 7.68 159.27 18.72

127 SJR at Brant Bridge 05/03/08 8:51 37.86488 -121.32267 16.49 0.333 0.22 94.83 9.25 7.63 156.71 19.28

193 Stockton WWTP effluent 05/03/08 9:35 37.93810 -121.33580 -- -- -- -- -- 6.84 -- 0.80

194 SJR at Burns Cuttoff 05/03/08 10:02 37.94101 -121.34505 17.08 0.348 0.23 92.62 8.93 7.60 160.92 20.14

195 SJR at Stockton WWTP outfall 05/03/08 9:32 37.93805 -121.33531 17.04 0.343 0.22 92.35 8.91 7.58 154.63 21.32

84 SJR at Garwood Station 05/04/08 9:23 37.92819 -121.32843 17.57 0.320 0.21 96.25 9.19 7.66 150.14 18.59

127 SJR at Brant Bridge 05/04/08 9:01 37.86488 -121.32267 17.09 0.337 0.22 97.53 9.40 7.65 137.82 18.65

193 Stockton WWTP effluent 05/04/08 9:45 37.93810 -121.33580 -- -- -- -- -- 6.61 -- 1.16

194 SJR at Burns Cuttoff 05/04/08 10:10 37.94101 -121.34505 17.64 0.349 0.23 94.92 9.05 7.54 169.18 20.58

195 SJR at Stockton WWTP outfall 05/04/08 9:37 37.93805 -121.33531 17.57 0.338 0.22 94.51 9.02 7.57 152.76 23.31

84 SJR at Garwood Station 05/05/08 9:43 37.92819 -121.32843 17.87 0.332 0.22 97.80 9.28 7.71 164.90 18.10

127 SJR at Brant Bridge 05/05/08 9:24 37.86488 -121.32267 17.73 0.342 0.22 101.28 9.63 7.78 162.58 17.94

193 Stockton WWTP effluent 05/05/08 10:10 37.93810 -121.33580 19.60 -- -- -- -- 7.36 -- 1.16

194 SJR at Burns Cuttoff 05/05/08 10:30 37.94101 -121.34505 18.06 0.361 0.23 95.26 9.00 7.55 156.53 19.94

195 SJR at Stockton WWTP outfall 05/05/08 10:04 37.93805 -121.33531 18.05 0.386 0.25 95.05 8.98 7.50 159.48 20.63

84 SJR at Garwood Station 05/06/08 10:41 37.92819 -121.32843 18.87 0.344 0.22 104.83 9.74 7.87 159.34 16.45

127 SJR at Brant Bridge 05/06/08 10:17 37.86488 -121.32267 18.51 0.355 0.23 108.28 10.14 8.02 142.82 15.56

193 Stockton WWTP effluent 05/06/08 11:00 37.93810 -121.33580 20.80 -- -- -- -- 6.63 -- 1.19

194 SJR at Burns Cuttoff 05/06/08 11:25 37.94101 -121.34505 18.94 0.362 0.24 102.21 9.49 7.71 160.80 17.84

195 SJR at Stockton WWTP outfall 05/06/08 10:56 37.93805 -121.33531 18.90 0.364 0.24 101.56 9.43 7.67 160.83 18.80

84 SJR at Garwood Station 05/07/08 11:43 37.92819 -121.32843 19.35 0.341 0.22 115.17 10.60 8.31 169.50 21.69

127 SJR at Brant Bridge 05/07/08 11:20 37.86488 -121.32267 18.82 0.343 0.22 110.99 10.33 8.16 156.87 17.95

193 Stockton WWTP effluent 05/07/08 12:05 37.93810 -121.33580 No Flow No Flow No Flow No Flow No Flow No Flow No Flow No Flow

194 SJR at Burns Cuttoff 05/07/08 12:21 37.94101 -121.34505 19.32 0.345 0.22 114.20 10.52 8.24 171.40 23.38

195 SJR at Stockton WWTP outfall 05/07/08 11:57 37.93805 -121.33531 19.28 0.346 0.22 113.50 10.46 8.22 172.73 25.28

84 SJR at Garwood Station 05/08/08 11:58 37.92819 -121.32843 19.49 0.328 0.21 112.79 10.35 8.18 143.57 20.98

127 SJR at Brant Bridge 05/08/08 11:35 37.86488 -121.32267 18.76 0.331 0.22 107.01 9.97 7.95 123.68 18.10

193 Stockton WWTP effluent 05/08/08 12:15 37.93810 -121.33580 No Flow No Flow No Flow No Flow No Flow No Flow No Flow No Flow

194 SJR at Burns Cuttoff 05/08/08 12:33 37.94101 -121.34505 19.51 0.331 0.21 111.38 10.22 8.12 144.87 22.07

195 SJR at Stockton WWTP outfall 05/08/08 12:11 37.93805 -121.33531 19.46 0.330 0.21 111.31 10.22 8.13 141.79 23.31
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Appendix D Table 2
Laboratory measurements of water quality

Site
number

Site name Sample
Date

Sampling
Time

Chl-a SM 
ug/L

Pheophyt
on SM 

ug/L

Algal
pigments

ug/L

Chl-a
TriChrom

ug/L

4.5 Alk, 
mg

CaCO3/L

8.3 Alk, 
mg

CaCO3/L

Total

Organic
Carbon,

mg/L

Dissolved

Organic
Carbon,

mg/L

VSS,
mg/L

TSS,
mg/L

Mineral
Solids mg/L

Total N, 
mg/L

NH3-N

mg/L

NO 3-N

mg/L

NO 2-N,

mg/L

PO 4- P, 

mg/L

Total P,
mg/L

SUVA
(L/mg-M)

Chlorine,
mg/L

84 SJR at Garwood Station 05/01/08 7:28 29.4 10.1 39.5 36.8 57 0 3.1 2.3 6.030 36.047 30.016 1.17 0.02 0.59 0.00 0.07 0.21 2.924 nd

127 SJR at Brant Bridge 05/01/08 7:03 22.5 8.0 30.5 28.3 55 0 3.0 2.5 5.216 30.268 25.053 1.06 0.00 0.55 0.01 0.07 0.22 2.566 nd
193 Stockton WWTP effluent 05/01/08 7:50 4.8 5.3 10.1 8.1 83 0 11.7 11.6 2.173 2.857 0.684 24.21 1.38 19.43 0.44 0.13 0.31 1.684 nd

194 SJR at Burns Cuttoff 05/01/08 8:25 24.0 10.5 34.5 31.4 58 0 3.5 2.9 5.620 32.592 26.972 1.77 0.03 1.27 0.02 0.09 0.26 2.695 nd

195 SJR at Stockton WWTP outfall 05/01/08 7:46 25.1 9.9 35.0 32.1 60 0 3.7 3.3 3.740 27.258 23.518 2.82 0.06 2.30 0.03 0.09 0.26 2.503 nd

84 SJR at Garwood Station 05/02/08 8:10 10.7 3.1 13.8 13.1 57 0 2.5 2.4 5.292 33.282 38.574 1.00 0.02 0.65 0.01 0.08 0.24 3.026 nd

127 SJR at Brant Bridge 05/02/08 7:48 20.2 8.0 28.2 25.9 54 0 2.3 2.2 5.275 32.231 37.505 1.10 0.02 0.62 0.01 0.08 0.24 2.946 nd

193 Stockton WWTP effluent 05/02/08 8:35 4.8 5.4 10.2 8.2 79 0 11.4 10.4 3.339 1.178 4.517 23.35 0.95 17.70 0.39 0.16 0.38 1.838 nd
194 SJR at Burns Cuttoff 05/02/08 8:57 22.3 9.3 31.6 28.9 56 0 2.8 2.7 5.200 31.580 36.781 2.16 0.04 1.13 0.02 0.09 0.23 3.003 0.06

195 SJR at Stockton WWTP outfall 05/02/08 8:26 21.2 9.5 30.7 28.0 57 0 2.7 2.7 5.638 31.515 37.153 3.29 0.12 2.62 0.04 0.09 0.28 2.840 nd

84 SJR at Garwood Station 05/03/08 9:18 16.6 7.2 23.8 21.8 57 0 2.2 2.2 5.166 36.160 30.994 1.27 0.06 0.68 0.01 0.09 0.25 2.951 0.07

127 SJR at Brant Bridge 05/03/08 8:51 15.7 6.4 22.0 20.2 56 0 2.1 2.2 5.470 39.964 34.495 1.18 0.02 0.69 0.01 0.07 0.38 2.779 0.11

193 Stockton WWTP effluent 05/03/08 9:35 2.1 2.6 4.7 3.8 85 0 10.4 10.1 2.074 3.114 1.040 22.84 0.81 19.54 0.09 0.04 0.20 1.730 nd

194 SJR at Burns Cuttoff 05/03/08 10:02 15.6 9.2 24.8 21.9 57 0 2.7 2.5 5.046 39.364 34.318 2.17 0.12 1.19 0.01 0.10 0.27 2.879 nd
195 SJR at Stockton WWTP outfall 05/03/08 9:32 14.7 8.6 23.2 20.5 58 0 3.0 2.9 5.794 40.590 34.797 1.89 0.13 1.21 0.01 0.10 0.25 2.740 0.08

84 SJR at Garwood Station 05/04/08 9:23 15.0 9.3 24.3 21.3 56 0 2.2 2.4 4.887 38.086 33.199 1.20 0.03 0.65 0.01 0.11 0.20 1.391 0.02

127 SJR at Brant Bridge 05/04/08 9:01 12.3 4.9 17.2 15.8 55 0 2.2 2.2 4.740 34.588 29.848 1.22 0.02 0.57 0.01 0.10 0.25 2.182 0.11
193 Stockton WWTP effluent 05/04/08 9:45 5.2 6.8 12.0 9.5 94 0 10.9 10.8 2.924 4.177 1.253 23.87 0.77 20.14 0.09 0.16 0.35 1.162 nd

194 SJR at Burns Cuttoff 05/04/08 10:10 13.1 8.8 21.9 19.0 57 0 2.6 2.8 5.071 41.603 36.532 2.26 0.08 1.57 0.01 0.09 0.22 1.776 0.06

195 SJR at Stockton WWTP outfall 05/04/08 9:37 14.4 9.3 23.7 20.7 58 0 2.5 2.5 5.484 42.280 36.796 3.30 0.10 2.44 0.01 0.14 0.15 1.903 0.02

84 SJR at Garwood Station 05/05/08 9:43 21.3 10.6 31.9 28.7 56 0 3.4 2.4 5.54 36.350 30.809 1.12 0.03 0.74 0.01 0.10 0.23 3.087 0.03

127 SJR at Brant Bridge 05/05/08 9:24 19.6 4.7 24.3 23.5 54 0 2.8 2.2 5.35 36.929 31.581 1.19 0.02 0.70 0.01 0.07 0.21 2.946 0.08

193 Stockton WWTP effluent 05/05/08 10:10 2.7 3.8 6.5 5.1 94 0 11.1 10.0 4.67 7.140 2.471 23.38 1.09 19.93 0.16 0.15 0.38 1.856 nd
194 SJR at Burns Cuttoff 05/05/08 10:30 12.5 7.0 19.5 17.4 57 0 3.4 2.6 5.51 38.733 33.219 2.08 0.06 1.27 0.03 0.14 0.23 2.864 0.14

195 SJR at Stockton WWTP outfall 05/05/08 10:04 13.3 7.0 20.3 18.2 58 0 3.7 2.7 5.58 40.470 34.890 3.61 0.11 2.58 0.01 0.10 0.25 2.852 0.12

84 SJR at Garwood Station 05/06/08 10:41 56 0 2.9 2.4 5.404 34.494 29.090 1.18 0.00 0.31 0.01 0.07 0.19 1.891 nd

127 SJR at Brant Bridge 05/06/08 10:17 54 0 2.7 2.3 5.217 28.728 23.511 1.18 0.01 0.80 0.01 0.07 0.21 1.861 nd

193 Stockton WWTP effluent 05/06/08 11:00 77 0 11.8 10.8 3.195 4.392 1.197 23.22 1.02 20.63 0.12 0.29 0.37 1.103 nd

194 SJR at Burns Cuttoff 05/06/08 11:25 56 0 3.4 2.6 5.229 35.870 30.641 2.13 0.04 1.25 0.01 0.09 0.22 1.859 nd
195 SJR at Stockton WWTP outfall 05/06/08 10:56 58 0 3.4 2.5 5.497 36.227 30.729 2.55 0.08 1.83 0.01 0.08 0.22 1.857 nd

84 SJR at Garwood Station 05/07/08 11:43 35.7 12.8 48.5 44.9 55 0 2.3 2.3 5.286 37.604 32.318 1.25 0.03 0.87 0.01 0.07 0.24 1.897 nd

127 SJR at Brant Bridge 05/07/08 11:20 29.5 7.2 36.7 35.0 56 0 2.2 2.2 5.006 36.151 31.145 1.14 0.03 0.69 0.01 0.05 0.21 1.833 0.04
193 Stockton WWTP effluent 05/07/08 12:05 no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow

194 SJR at Burns Cuttoff 05/07/08 12:21 23.9 8.1 32.0 29.9 56 0 2.2 2.3 5.490 40.756 35.267 1.32 0.04 0.67 0.01 0.07 0.24 1.807 0.07

195 SJR at Stockton WWTP outfall 05/07/08 11:57 30.0 14.3 44.4 40.0 56 0 2.2 2.3 5.912 44.177 38.264 1.16 0.02 0.68 0.01 0.07 0.31 1.840 nd

84 SJR at Garwood Station 05/08/08 11:58 36.3 11.9 48.2 45.1 49 0 2.8 2.2 5.265 42.352 37.087 0.77 0.04 0.45 0.01 0.05 0.27 2.686 0.08

127 SJR at Brant Bridge 05/08/08 11:35 20.1 4.3 24.3 23.5 54 0 2.7 2.1 4.783 36.824 32.040 0.96 0.02 0.62 0.01 0.05 0.23 2.585 0.08

193 Stockton WWTP effluent 05/08/08 12:15 no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow no flow
194 SJR at Burns Cuttoff 05/08/08 12:33 25.9 8.5 34.3 32.2 55 0 3.0 2.2 5.677 43.552 37.875 0.91 0.02 1.09 0.01 0.06 0.22 2.629 0.08

195 SJR at Stockton WWTP outfall 05/08/08 12:11 21.0 7.3 28.3 26.4 56 0 2.8 2.4 5.993 48.049 42.056 0.75 0.04 0.57 0.01 0.06 0.22 2.543 0.14

samples lost
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