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ABSTRACT

In 1983, a nulti-year project to evaluate the technical and biol ogical
feasibility of adapting a new identification system to salnonids was established
between the Bonneville Power Administration and the National Mrine Fisheries
Service. The systemis based upon a miniaturized passive integrated transponder
(PIT) tag. This report discusses the work conpleted in 1986 and is divided into
| aboratory studies, field studies, and systens devel opnent. Al studies were
conducted using a glass-encapsulated tag inplanted into the body cavity of test
fish via a 12-gauge hypoderm ¢ needl e.

Laboratory studies with juvenile chinook salnon, Qncorhynchus tshawytscha,
showed that retention of glass-encapsulated PIT tags was 99-100%in fish
weighing 3 g (nean weight) or larger. No adverse tissue response to the tag was
not ed. The survival of fish 5 g (mean weight) or larger was usually greater
than 99%  However, fish ranging in weight from2 to 4 g or fish undergoing a
physi ol ogi cal change such as snoltification may have a low nortality (usually
less then 5.09% after tagging. The nortality rate in the smaller fish was
dependent wupon tagging skill whereas nortality in snolting fish seenmed dependent
upon the level of stress. G owth conparisons between tagged and control fish
indicated PIT-tagged fish had a slightly depressed growth rate at some
measur enent peri ods. The operational life of glass-encapsulated PIT tags
inplanted in fish was good, with 100% of the tags operating after 401 days. No
tags were rejected fromthe fish during the observation period. Addi tional
information on the operational life of the tag is being obtained by holding
tagged fish until they mature.

Tests to determine the effect of the PIT tag on certain
behavi oral / physi ol ogi cal responses were conducted in the laboratory with one

size range of juvenile steelhead, Salvo gairdneri, and two size groups of



juvenile fall chinook sal non. Results showed no significant effect of the tag
on opercular rate, tail beat frequency, stamina, or post fatigue survival.
Tests conducted at MNary Dam on outmigrant steelhead and fall and spring
chinook sal nmon showed similar results.

Juvenile PIT tag nonitoring systems were installed and tested at Lower
Ganite and McNary dams in the Columbia River Basin. The equipment is described
and discussed. The tag monitoring equipnent showed a high degree of reliability,
efficiency, and accuracy. During the 6-month test, tag reading efficiency
exceeded 95% with an accuracy rate of greater than 99%for all equiprment. Four
m nor equi pnent problems occurred during the testing period, all of which were
corrected in the field.

Field studies were conducted at Lower Granite and McNary dans using spring
and fall chinook salnon and steelhead to assess the performance of PIT-tagged
fish in conmparison to fish tagged or marked using traditional methods. No
effect of the tag on survival was noted. Differences in survival were noted,
however, between dam locations for all treatnents. Conpari sons of recovery
rates of branded and Pl T-tagged spring and fall chinook salnon released into
McNary reservoir and recovered at the dam were nade. A significantly higher
nunber of PIT-tagged spring chinook salnon were recovered at the dam than
branded fish whereas no differences in recovery rates were seen between
treatnments for fall chinook sal non. The PIT tag data were acquired with 90%
fewer PIT-tagged fish released than branded fish. There was also a large
reduction in the numbers of fish handled to obtain the data, 3301 and 414:|
(brand vs PIT-tagged) for spring and fall chinook salnon, respectively.

G oups of spring chinook salnon and steelhead were tagged and branded at

Dwor shak National Fish Hatchery and released into the Clearwater River. Tag



recovery at Lower Granite and MNary dans showed that significantly higher
numbers of PIT-tagged fish were recovered than branded fish.
Future work related to PIT tag systems development is described and

di scussed.
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| NTRODUCT! ON

In 1983, the National Marine Fisheries Service (NWS) began a cooperative
research program with the Bonneville Power Administration (BPA) to evaluate a
new mniature identification system that could be used with salnonids. The
systemis referred to as a passive integrated transponder (PIT) tag. The first
phase of evaluation, conducted in 1983, used non functional PIT tags (sham tags)
to devel op tagging techniques and to deternine the nost suitable anatomnical area
for tag placement in juvenile and adult salmon (Prentice et al. 1984). The
second year's work (1984) involved prelimnary tests to determ ne tissue
response to the tag and the tag's effect on growth and survival. In addition,
initial design and testing of tag detection equipnent for use at various dans on
the Colunmbia River system was began (Prentice et al. 1985).

In 1985 a concentrated effort was made to determine the effect of the tag
on growth, survival, and behavior of salnmon of various sizes. During this
period, field tests were conducted at MNary and Bonneville dans on the Col unbia
River to evaluate PIT tag detection systens for juvenile and adult salnmon.
Tests also conpared laboratory findings on the effect of the PIT tag to those
obtai ned under field conditions (Prentice et al. 1986). Al tests conducted in
1985 used a functional tag Which had its electronics encapsulated in
pol ypropyl ene (which was later found to be an unsatisfactory material because of
seal ing problens).

Research during 1986 was an extension of the 1985 | aboratory and field work
but used a new gl ass-encapsul ated version of the PIT tag which elinmnated the
sealing problem Field work was expanded to Lower Ganite Damon the Snake

River and Dworshak National Fish Hatchery in Idaho. The prototype PIT tag



monitoring systeminstalled at McNary Damin 1985 was replaced with an inproved

model .  The monitoring systemat each dam was evaluated using the techniques
devel oped in 1985. Conparative work between |aboratory and field studies were
continued on an expanded scale. This report covers the results of the

| aboratory and field studies conducted in 1986 in addition to discussing future
needs and systens devel opnent. For convenience, the 1986 report is divided into

three parts: laboratory studies, field studies, and systens devel opnent,

LABORATORY STUDI ES
Deternmination of Mninum Fish Size For Tagging
I ntroduction

PIT tag retention in juvenile fish has been evaluated since 1983 (Prentice
et al. 1984, 1985, and 1986). These early studies, using the old style
pol ypropyl ene-encapsul ated PIT tag, revealed hi gher than acceptable tag
rejection (4%or greater) for fish under 8 g. The authors suggest that rough
edges on the polypropylene tag mght exacerbate tag loss. [In 1986, a glass-
encapsul ation process was developed for the PIT tag that produced a smooth,
biologically inert tag.

The objective of the present study was to evaluate the relationship
between fish size at tagging and tag retention for the glass-encapsulated PIT
tag. The criteria for successful tagging was >95%tag retention for at |east
134 days. In addition, conparisons were made between growth, survival, and tag
retention of fish reared on pathogen free artesian well water and anbient

surface river water.



Met hods and Materials

Juvenile fall chinook salnon, Oncorhynchus tshawytscha, were used for this
study at the Big Beef Creek Research Station near Seabeck, Wshington. Two
separate populations were mintained in 2.4-m dianeter tanks supplied with
either constant tenperature (ICPC) artesian well water or Big Beef Creek anbient
tenperature surface water. Standard husbandry practices were followed
throughout the experinent, and all fish were fed ad libitum  Four test (PIT-
tagged) groups and one control group were randomy selected from each main
popul ation (well or stream) through tinme covering a range of fish sizes from 3
to 10 g (Table 1). PIT- tagged groups were established on: V April (Test 1),
30 April (Test 2), 15 May (Test 3), and 5 June 1986 (Test 4). The control groups
were set-up on 30 April 1986. Each lot of fish (n=200 to 203) were held in
1.2-m dianeter tanks supplied with either running well or stream water as
appropri ate.

Al'l tagged fish were hand injected with the PIT tag in a manner sinilar to
that described in Appendix A Control fish were handled but not tagged- Fifty
fish in each replicate were weighed to the nearest 0.5 g and all fish were
measured to the nearest 3.0 mm (fork length) at Day 0, on (or near) Days 45 and
90, and at termnation (Day 134-139). Tag presence was confirmed for all tagged
fish at each weighing and neasuring period. Each test tank was examned for
rejected tags at 1 to 3-day intervals.

Gowth data were anal yzed using standard ANOVA techni ques (Sokal and
Rohl f 1981). Predictive sanple reuse (PSR) techniques for categorical data, as
descri bed by Kappenman (1983), were used to determine interrelationships between

size, tag retention, and survival.



Table 1.--Inventory record for serial PIT tagging of fall chlnoob salmon to determine minimum size for tagging.

Surv- Weight Length Tag Surv- Weight Length Tag
Treat- vival @ (mm) retention vival () {mm) retention
nebt ®@  Day No. (%) Mean SO Mean  SD ®) Day  MNo. (%) Mean D Mean  SD )
Observation periods
Period 2 Period 2
W-PIT - | 0 201 100.0 3.2 0.5 66 3 100.0 49 201 99.5 7.8 1.2 88 4.3 100.0
S-PIT - | 0 200 100.0 3.2 0.6 66 3 100.0 49 193 96.5 8.1 1.2 88 4.8 99.0
W-Cib -2 0 202  100.0 49 L1  77# 5 - 48 22 1000 107 2.2 95# 57 -
W-PIT - 2 0 200 100.0 5.1* 1.0 8% 5 100.0 49 202 100.0 11.0 1.6 9% ¢ 5.4 100.0
~ _ 0 200 100.0 5.1 # 0.9 77 L — 48 VY 99.5 10.4 1.8 9 # 5.2 ———e-
S-Con 2
S-PIT - 2 0 200 100.0 4.8% 1.0 77* 5 100.0 49 19 98.0 10.6 1.4 97 # 4.7 100.0
W-PIT -3 O 201 100.0 7.1 1.3 84* 5 100.0 55 201  100.0 14.0 2.5 104 5.0 100.0
SPIT -3 O 203 100.0 7.3 1.3 85* 5 100.0 55 198 97.5 13.0 2.1 104 5.6 100.0
W-PIT -4 0 200 100.0 9.7 1.7 99 6 100.0 49 198 99.0 16.3 2.9 112* 4.9 100.0
S-PIT - 4 0 202 100.0  10.0 1.8 100 6 100.0 49 202 100.0 15.2 3.0 109 5.7 100.0
Period 3 Period 4
W-PIT - | 98 200 99.5 13.8 2.1 106* 5 100.0 139 200 99.5 20.5 4.0 121# 6.3 100.0
S-PIT -1 9 191 95.5 14.5 2.9 109* 6 99.0 139 190 95.0 21.1 3.7 122* 6.6 99.0
WCon - 2 90 202 100.0 15.8 # 3.0 109 A 135 202 100.0 24.9 4.4 125 # 8.1  —-——o
w-PIT - 2 90 200 100.0 17.2%# 3.3 109 7 100.0 135 200 100.0 27.4* 3.0 131*# 8.3 100.0
sCon - 2 90 199 995 17.2# 3.1 112# 6 —---- 135 198 99.0 24.8 5.4 12 7.9 -
SPIT -2 O 19 980 16.1%% 2.7 109# 6 100.0 135 196  98.0 23.0 3.7 127+ 7.3 100.0
W-PIT -3 91 201 100.0  20.2 4.1 118 6 100.0 134 201 100.0 25.9* 4.4 129% 7.6 100.0
S-PIT -3 01 200 98.5 18.6 2.3 117 6 100.0 134 13 950 29.9* 4.4 130+ 7.8 100.0
W-PIT - 4 97 196 98.0 23.8* 4.3 126* 7 100.0 137 194 97.0 32.6 6.4 138 100.0
s-PIT -4 97 198 98.0 20.8* 3.7  123* 7  100.0 137 198 98.0 30.3 4.2 135 8.5  100.0
3 \ - well water rearing, S - stream water rearing. PIT = PIT tagged. Con - control. ! - 4 indicates sequential group number.

* = Significantiy different (P<0.05) for treatment vs treatment comparisons.

# = significantly different (P<0.05) for treatment vs control comparisons.



Resul ts and Di scussi on

Al'l data for the study are sunmarized in Tables 1 and 2. The criterion for
successful tag retention was >95% for a m ni mum 134-day peri od. This criterion
was achieved in all test groups, Wwth tag retention ranging from99-100% O
the 2,009 fish tagged during these experinents, only five (0.25% had
non-functional tags. These tags were fromthe first production |ot of glass
tags, and the nmanufacturer took corrective action to inprove reliability.

G owth conmparisons indicated significant differences (P<0.05) in length and
wei ght at sone sanpling periods (Table 2). However, the differences were
slight, had no observable pattern, and may have been related to differences in
feed ration amount rather than treatnment conditions. The PSR nodeling supports
this conclusion and indicates there is no association between fish size, water
source, or presence of the PIT tag.

Overall survival of PIT-tagged fish (134 to 139 days) ranged from97.0 to
100% in the well-water groups and from95.0 to 98.0% in the streamwater groups
and was conparable to controls at the one size range evaluated (Tables 1 and 2).
Results of PSR anal yses indicated the data best fit the nmodel stating there was
no association between water source and nortality, but there was an association
between fish size and nortality. In other words, the nodel sinply stated that
mortality occurred wthin specific size groups, but it did not rank which group
had the highest or |owest nortality.

Visual inspection of the data (Table 2) shows that a 5%or less nortality
occurred in the smallest size groups of fish in both well-and stream water
tests. Examination of nortalities for both initial well and stream groups

showed perforation of the intestine as the cause of death. Fou- of the seven



Table 2 .--Conparison of survival, growth, and PIT tag retention
for the 1986 fall chinook salmon serial tagging study.

Nunber Test __Size PIT tag
Test group/ of | engt h Start  End Survival retention
treatment a fish  (days) (9) (9) (N (%
Control -wel | 202 135 4.9 24.9 100.0
Control -stream 200 135 5.1 24.8 99.0
PIT tagged:
wel | - #1 201 139 3.2 20.5 99.5 100.0
wel | - #2 200 135 5.1 27.4 100.0 100.0
wel | - #3 201 134 7.1 25.9 100.0 100.0
wel | - #4 200 137 9.7 32.6 97.0 100.0
stream #1 200 139 3.2 21.1 95.0 99.0
stream #2 200 135 4.8 22.6 98.0 100.0
stream #3 203 134 7.3 29.9 95.0 100.0
stream #4 202 137 10.0  30.3 98.0 100.0
a Vell--indicates constant tenperature (10°C) pathogen free

artesian well water rearing: stream-indicates anbient
(9.39-14.49C) tenperature Big Beef Creek surface water rearing.



nortalities in the first streamwater test group occurred wthin the first 2
days after tagging and were fromthe first 10 fish tagged. This group of fish
was the first to be tagged, and our tagging technique was not wup to standard.
The tagging technique was refined, and no problems with intestine perforation
were observed in the other test groups
Mortality in the larger size groups also was 5% or |ess and occurred

primarily in the streamwater held groups (Table 1). Vi sual exam nation
indicated that these populat ions of fish were in various stages of
smol tification. It is possible that exposure to pathogens in the stream water
and smoltification status itself contributed to these nortalities. Reduct i ons
in inmune response have been noted during smoltification (Maule et al. 1987).
The data suggest that if fish are less than 5 g (nmean weight) or are undergoing
smoltification when PIT-tagged, a low nortality (5.0% or |ess) may occur.

Subsanmpl es of these fish were examned to determine histological tissue
reaction to the tag and to document tag location within the body cavity. A
complete evaluation of these data is presented in Appendix B; however, no
adverse tissue reaction was noted and tag location wthin the body cavity was
consistent over time indicating the tag did not migrate fromthe inplant area

An inportant conparison in this study was the overall evaluation of the
gl ass-encapsul ated version of the PIT tag conpared to the earlier polypropyl ene
ver si on. The present study showed that glass encapsul ation overcane problens
noted with the polypropyl ene version. The glass version proved to be highly
reliable in tagging fish as small as 3 g. Therefore, we feel confident that the
gl ass encapsul ated version of the PIT tag is developed to the point where it can

be considered for use by nmnagers and researchers in tagging studies



PIT Tag Longevity
I ntroduction
Al'though the tag manufacturer conducted sinulated life expectancy tests for
the PIT tag and estimated functional life at over 10 years, overall life
expectancy and reliability under operating conditions are unknown. The
objective of the current study was to determne under field conditions the

| ongevity of glass-encapsulated PIT tags placed in juvenile sal non.

Met hods and Materials

In early spring 1986, two 300-fish groups of juvenile fall chinook sal mon
were established at the Big Beef Creek Research Station-- the control group was
established on 14 April and the glass-encapsulated PIT tag group on 15 April
(Table 3). Al fish in each group were weighed (+£0.5 g) and neasured (+3.0 mmj.
Tags were injected into the fish's body cavity using the method described in
Appendix A.  The PIT tag identification nunber of each tagged fish was recorded.
The two test groups were maintained in separate tanks during freshwater culture.

At the time of snoltification (as determned by visual observations), all
fish were transported to the NMFS Manchester Marine Experinental Station near
Manchester,  Washington; vaccinated against ¥ibrio sp.; and acclimated to
seawater over a 5-d period. At seawater transfer (6 My 1986), 294 PIT-tagged
and 298 control fish were counted and neasured (+£3.0 m) and the identification
codes (and presence) were verified for the tagged group.

The PIT tag and control groups are being maintained in separate seawater
net-pens.  Standard husbandry practices are being followed for the duration of
the study. Dead fish are necropsied, and the presence of the tag verified if

applicable. Additional observations as to tag presence and (functional)



operation took place on 22 July, and 19 Septenber 1986 and 7 January and 21 May
1987. Fish were neasured (~3.0 nm) at each observation period. No wei ght data
were obtained because of the difficulty of accurately weighing fish due to wave
action at the seawater site. This study is ongoing, and the fish are being
mai ntai ned as discrete test groups until nmaturity.

G owt h conparisons were anal yzed by standard ANOVA techni ques, and survival

data were compared using G2 statistics (Sokal and Rohlf 1981).

Results and Discussion

A total of 21 days for the PIT-tagged and 22 days for the control group
el apsed between the time this experiment was established and the fish were
transferred to seawater. During the freshwater phase, only one control fish
died and there were no docunented nortalities anmong PIT-tagged fish. However,
there were six mssing fish in the PIT tag group and one in the control group.
For purposes of analysis, these fish were included in the data as nortalities
(Table 3). There was no difference (P<0.05) in survival between the PIT-tagged
and control fish during the freshwater portion of this study. I'n addition,
during the freshwater portion of this experinment, all PIT tags were fully
functional and no tag rejection was noted (Table 4).

During seawater culture, to the last observation date on 21 May 1987, 34
fish fromthe PIT-tagged group (11.6% and 31 from the control group (10.4% had
died or were missing fromthe population (Table 3). During the seawater portion
of this study, there was no difference (P<O.05) in survival between the PIT-
tagged and control fish. The probabl e cause of death in the nortalities from
both groups was diagnosed as bacterial Kkidney disease. During the seawater
culture phase, all PIT tags fromlive and dead fish were fully functional and no

tag rejection was noted (Tables 3 and 4).
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Table 3.-- 1986 longevlty study--inventory records. growth data. and tag information.
Stock _inventory PIT tags size ?
Length Weight

Sample Mortalities Non- (mm) (q)
period b Treatment Day No. Documented Missing Rejected functional Mean SD Mean SD
1-F . K. PIT-tagged 0 300 T T 0 0 69* 4 3.4* 0.6

Control 0 300 T T T T 68* 3 3.6% 0.6
2-F.W. PIT-tagged 21 294 0 6 0 0 75* 3 5.2 0.7
(transfer)  Control 22 298 0 2 - - 77 4 5.4 0.8
1-S.W. PIT-tagged 93 270 16 0 0 0 112% 10 - -

Control 99 289 9 0 117* 9 T T
2-S.W. P1T-tagged 157 268 10 0 0 0 151* 15 T T

Control 158 277 10 2 T T 155# 14 T T
3-S.W. PIT-tagged 267 262 4 2 0 0 220* 23 o T

Control 268 271 8 0 T T 226" 19 T T
4-S.W. PIT-tagged 401 260 | I 0 0 298 28 T

Control 402 269 2 0 T T 307 25 T
8 5D = standard deviation, weights not recorded during seawater residence.

*

® Fy, =

fresh water,

S.H. =

seawater.

= Significantly (P<0.05) different for sampling period comparison (tagged vs control).
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Table 4 .--Survival and tag retention information for 1986 Big
Beef Creek fall chinook salnon longevity study.

Tag retention
and operati onal

Size at Test — Survival & reliability
Treatnment tagging period FW SW Total FW SW Total
(No- ) (9) (days) (% (%
Cont r ol 3.6 22 FW  99.3 90.3 89.7
(n=300) 380 SwW
402 Total

PI T-t agged 3.4 21 FW 98.0 88.4 86.7 100 100 100
(n=300) 380 SW

401 Tot al

8 FW= freshwater culture period; SW = seawater culture period.
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Additionally, growth conparisons in fresh water and seawater, indicate
there were slight, but statistically significant (P<O (), differences in length
and or weight between the tagged and control groups at nost sanpling periods
(Table 3 and Fig 1). These size differences are ninor (3% or less), and we do
not believe they are of biological inportance.

Overall tag retention and longevity were excellent, 100% of the PIT tags
functioned properly and no tag rejection was noted. Overall survival was 86.7%
for the PIT-tagged and 89.7% for the control groups and did not differ
statLstically (P<O.05) (Table 4).

In an earlier study using a polypropyl ene encapsulated version of the PIT
tag, Prentice et al. (1985) noted unacceptable (13.3% tag failure and high
(14.6% tag rejection during a 341-day study. This poor perfornmance was
attributed to leaks in and rough edges on the polypropylene case of this early
version of the PIT tag. The present study using the gl ass-encapsul ated verison
of the PIT tag is ongoing. The fish will be held in seawater at Mnchester to
maturity, thus, this study should ultimately provide an understanding of tag
function through a conplete life cycle for chinook sal non. Results to date
indicate that glass-encapsulation provides a tag that is smooth, |eak proof, and
seemingly biologically inert. The glass-encapsul ated version of the PIT tag
appears to be a reliable tag that should have a long life span and |ow rejection
rate.

Effect of PIT tag on Swinming Ability
of Hatchery and Mgrating Sal nonids
Introduct ion
Changes in swimmng stamna levels are reliable indicators of stress in

fish; depressions in swming stamna |evels have been noted in teleost fish
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upon exposure to many stress inducing agents (MC eave and Stred 1975, Beanish
1978; Flagg 1981; Lewis and Muntz 1984). Li kewi se, alterations in tail beat
profile and opercular beat rate have been linked to changes in physiological
condition of fish (Beam sh 1978; Stevens 1979; Flagg and Smith 1982, Lewi s and
Mintz 1984). In addition, post-swinmng fatigue survival has been shown to be
positively linked to the fish's physiological condition (Flagg et al. 1983).

The presence of large foreign objects (e.g., radio telenmetry type tags) in
and on fish have the potential to conpromise swinmmng ability (MCeave and
Stred 1975; Lewis and Muntz 1984). However, the glass-encapsul ated version of
the PIT tag neasures about 2 by 12 nm weighs less than 0.05 g, and is only
about 3% of the volunme of nore common type radio transmtter tags. Earlier
investigations with the polypropylene version of the PIT tag showed that the tag
did not conpromise the swinming ability of juvenile steelhead (Prentice et al.
1986). The present study documents the effect of the glass encapsulated version
of the PIT tag on in-hatchery (juvenile) chinook salnon and steelhead. In
addition, tests conducted at MNary Damon migrating yearling and underyearling
chinook salnmon and steelhead conpared PIT tagging to other traditional marking
met hods (i.e., freeze branding and coded wire tagging) and assessed the effect

of each of these nmethods on the fish's swinming ability.

Met hods and Materials

Swinmming ability tests were conducted in a nodified version of the Blaska
respi rometer-stanina chanber described by Smith and Newconb (1970) (Fig. 2).
These chanbers were divided into multiple conpartments to allow the simultaneous
testing of four fish. Each chanber was equipped with an electrified screen at
the downstream end, assuring maximum fish performnce. In these tests, fish

were individually anesthetized Ctricaine nethanesulfonate (MsS-222)], weighed
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(£0.1 g), nmeasured as to fork length (+1 nm, and then placed into a test
conpartment. After a I-h recovery, the initial water velocity was set at 1.5
body | engths (mean) per second (I/s) and increased 0.5 |/s every 15 mnutes
until all fish reached fatigue (i.e., could no longer hold position in the
current and remained inpinged against the electrified screen).

A swinmming stanmina value (U-critical) was established for each group using
the swmring speed at fatigue and the tinme to fatigue as an integrated
time/vel ocity measure of inpingenent by the methods described in Beamish (1978).
I ndi vidual swinming speed was corrected for the effects of solid blocking (for
any fish whose cross-sectional area was greater than 10% of the cross-sectional
area of its swimming conmpartment) using nethods described by Bell and Terhune
(1970).

Tail-beat frequency (TBF), recorded as beats per minute, and opercul ar beat
rate (OBR) per minute were nonitored using a video camera wth a superinposed
stop watch. Data were recorded wth fish maintaining position in the central
portion of the swimming tunnel and not noving relative to the video recording
equi pment . The TBF and OBR were normally docunmented two or three tines
t hroughout each 15-minute increnent. The TBF data allowed stride efficiency
(nunber of tail beats per minute required to maintain a unit sw nmng speed of
one body length per second) to be conpared.

In-hatchery tests were conducted at the Big Beef Creek Research Station
using fish reared on station. One size of steel head (61.6 g average) were
eval uated beginning 17 March 1986 whereas tests on 3.7 and 8.6 g average fall
chinook salnon were begun on 14 April and 02 June 1986, respectively (Table 5).
At testing, random sanples (n=200) were renoved from the main popul ation and
interperitoneally tagged with the PIT tag using procedures described in

Appendix A A control (non-tagged) group (n=200) was al so established fromthe



Table 5.--Size of fish used in swiming ability studies.

—Length —Veight
Test sitel/species a mm ~ SD 8 SD
| n-hatchery tests
St eel head 171 18 61.6 17.2
Fal | chinook sal non 67 4 3.7 0.9
Fal | chinook sal non 89 7 8.6 2.2
In-river tests
Yearling chinook salnon 137 11 23.9 5.7
St eel head 2,0 24 68.7 2 0
Underyearling
chi nook sal mon 111 10 14.5 3.7

a In-hatchery tests designate fish reared and tested at the Big

Beef Creek facility near Seabeck,

VWA

tests designate

mgrating fish collected and tested at the MNary Damjuvenile

fish collection facility near Umatilla,
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main population at this time. Swiming perfornance tests were conducted for 12
PI T- tagged and 4 control fish randomy selected on Day 0 (sanme as tagging) and
on Days 1, 2, 3, 4, 7, 9, 11, 14, and 17 for all groups (Fig. 3). The steel head
were also tested on Days 21 and 25 whereas the small and |arge fall chinook
salnon were tested on Days 21 and 23, respectively. In addition, only sw ming
stam na was assessed on Days 9-25 for the steel head. For each group of fish
tested both daily and overall (pooled) data conparisons were eval uated between
test and control fish.

Al in-hatchery fish tested (tagged and control) were held for 14 d
post-test to establish survival profiles. These fish were fed daily and
popul ations inspected regularly to document nortality. At the end of the 14-d
hol ding period, all fish were examned to determine tag retention.

Testing of in-river migrating fish was conducted at MNary Dam using
mgrants collected at the juvenile collection facility. In this study, sw nmmng
ability was conpared between PIT-tagged, coded-w re-tagged (CW), freeze-
branded, and control fish (handled but not tagged or branded). Fish were
received fromthe marking line at the juvenile facility at MNary Dam and narked
or tagged as appropriate. Ten fish from each group were placed into 114-liter
portable holding containers supplied with anbient river water. These fish were
held for 24 h, and then swi nming performance tests were conducted on six
randomy selected fish from each of the four groups. This procedure was
repeated daily for 5 d and the data pooled to provide a total sanple size of 30
fish from each group for comparison (Fig. 3).

Mgrating yearling chinook salnmon (23.9 g average) were eval uated between
13 and 17 May 1986 whereas underyearling chinook salmon (14.5 g average) were
tested from8 to 12 July 1986. The spring outmigration for yearling chinook

salmon is primarily composed of spring, sumrer, and fall races. The sub-yearling
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Figure 3.--Testing plan for swinmming ability tests conducted in 1985 and 1986.
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outmigration is primarily conmposed of fall chinook salnon. Steel head (68.7 g
average) were tested from 18 to 22 May 1986 (Table 5). Al tested fish were
held for 5 d post-test to establish stress survival profiles. These popul ations
were inspected regularly to docunent nortality. At the end of the S-d holding
period, all PIT-tagged fish were examined to determne tag retention.

Addi tional conparisons of in-river fish were nade using fin clips in the
manner commonly used by researchers conducting migration studies. One- hal f
(n=15) of the freeze-branded group in the steelhead test was upper caudal
clipped, and swinmng stamina was conpared between these subgroups.

For both the in-hatchery and in-river tests, swinming stanmina data, stride
efficiency data, and respiratory rate data were conpared between tagged and
control fish using the non-parametric Mnn-Vhitney test. Survival data were
anal yzed using the ¢2 procedure. Al data analysis followed the methods of

Sokal and Rohlf (1981).

Results and Discussion

Inan earlier study wusing the polypropylene version of the PIT tag, we
presented evidence that the PIT tag did not conpronise the sw mming stam na,
stride efficiency, opercular beat rate, or post fatigue survival of two size
ranges of (in-hatchery) steelhead (Prentice et al. 1986). In the present study,
in-hatchery tests were conducted for one size group of (61.6 g average)
steel head and two size ranges (averages = 3.7 and 8.6 g) of fall chinook sal non
using the glass-encapsulated version of the PIT tag. Dai |y comparisons
indicated there were no statistical differences (P<0.05) in swinmrng stam na or
stride efficiency between tagged and control fish at any test day (post-tag) for
any group (Tables 6, 7, and 8). Anal ysis of the respiratory rate data (GBR

showed statistical differences (P<0.05) between tagged and control fish on 2 of



21

Table 6.--Stride efficiency, opercular beat rate, and sw nmm ng
stam na of PIT-tagged and control steelhead (61.6-g

average).'
Test Stride Oper cul ar Swi nmi ng
day —efficiency @ beat rate 8  _ stamina
post
tag Goup b Mean SD Mean SD Mean SD
0 T 121.9 18.7 143.5 14. 6 3.1 0.2
C 122.2 16.7 129.5 22.5 3.2 0.3
1 T 127.2 18.8 139.1 16.9 3.0 0.5
C 119.6 19.2 136.2 10.0 3.2 0.3
2 T 119.4 16.0 130. 8¢ 15.0 3.2 0.2
C 125.9 19.6 146. 3* 13.0 3.3 0.2
3 T 132.3 19.0 136.0 13.8 3.0 0.4
C 123.5 20.1 138.7 11.3 3.1 0.1
4 T 129.8 22.6 139.2 11.6 3.2 0.2
C 122.7 18.8 124.2 44,1 3.0 0.4
7 T 125.7 18.9 129.9 27.1 3.1 0.1
C 116.5 19.7 141.8 18.2 3.0 0.2
9 T 3.2 0.3
C 3.2 0.4
11 T 3.2 0.2
C 3.2 0.2
14 T 3.3 0.3
C 3.0 0.4
17 T 3.1 0.5
C 2.8 0.6
21 T 3.1 0.2
C 2.9 0.3
25 T - - .- o 3.0 0.3
C .- o -- -- 3.1 0.3
Pool ed data
T 125. 6 18.9 136.5 17.3 3.1 0.3
C 122.5 18. 4 135.5 21.3 3.1 0.3
&+ = gygnificant difference (P<Q G6), -- indicates no
meas yyement s docunent ed.
T = BT tagged (n = 12 tagged fish tested each day),
c = ¢pntrol (n = 4 control fish tested each day).
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Table 7.--Stride efficiency, opercular beat rate, and sw nmng
stam na of PIT-tagged and control fall chinook sal non
(3.7-g average).

Test Stride Qper cul ar Swi mmi ng
day ef ficiency beat rate @ _ stamina
post
tag Goup' b  Mean SD Mean SD Mean SD
0 T 122.5 33.8 130.3 16.0 5.6 0.3
C 120.3 37.8 131.5 20.0 5.7 0.4
1 T 128.2 36.0 132.7 17.7 5.2 0.4
C 128.2 33.0 132.5 15.3 5.2 0.4
2 T 119.6 34.3 134.8 16.7 5.6 0.3
C 121.2 34.1 137.3 17.3 5.5 0.2
3 T 120.8 37. 4 132.0 24. 1 5.8 0.4
C 119.6 35.0 129.5 20.5 5.8 0.2
4 T 119.6 37.3 138.7 20.2 5.8 0.5
C 123.2 37.3 133.6 24.5 5.8 0.2
7 T 124.3  40.7 136.9  20.0 5.4 0.5
C 119.3 35.3 133.7 28.7 59 0.5
9 T 126.5 38.6 134. 2% 17.8 54 0.4
C 122.7 42.0 147. 2* 18. 6 56 0.4
11 T 129.7 38.3 148.2 41.1 5.5 0.3
C 132.8 51.6 156. 2 59.7 5.5 0.3
14 T 126.6 37.6 140.1 19.6 5.3 0.3
C 124.2 40.9 137.1 23.6 5.5 0.1
17 T 125.3 37.0 142. 3* 18.9 5.2 0.3
C 119.0 35.4 131. 0% 17.3 5.4 0.3
21 T 126.1 37.1 137.2 18.0 5.3 0.5
C 114.5 33.3 139.2 24.2 5.7 0.1
Pool ed data
T 125.1 37.3 136.8 22.6 5.4 0.4
C 122.9 37.9 137.2 27.5 55 0.4

a' =significant difference (P<O 05).

b
C

PIT tagged, n = 12 tagged fish tested each day
control, n =4 control fish tested each day.
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Table 8.--Stride efficiency, opercular beat rate, and sw mming
stamna of PIT tagged and control fall chinook sal non
(8.6-g average).

Test Stride Qper cul ar Swi mmi ng
day _efficlency __beat rate 2 st ami na
post
tag Group b Mean SD Mean SD Mean SD
0 T 122. 6 28.1 131.4% 15. 4 4.7 0.7
C 127.1 32.1 140. 9* 11.7 5.0 0.5
1 T 124.1 35.0 137.6 15. 4 4.6 0.7
C 120.7 30.2 129.5 14. 3 4.9 0.5
2 T 122. 7 28.7 127.2 19.0 5.0 0.4
C 121.7 27.1 121.0 21.6 5.1 0.1
3 T 124.1 28.5 123.1 15.9 4.9 0.3
C 119.8 25.5 130.7 18.8 4.8 0.4
4 T 122.1 27.6 128.9 18. 4 4.9 0.5
C 123.8 30.0 129. 4 13.1 4.8 0.5
7 T 122. 6 26.9 131.9 17.8 4.5 0.6
C 120. 8 30.1 130.0 18.5 4.1 1.0
17 T 128.9 25.2 124.9 19.2 4.3 0.4
C 132.2 29.0 133.1 17.2 4.3 0.4
23 T 130. 3 26.6 127.2 14.3 4.1 0.3
C 132.2 32.6 131.5 11.3 4.3 0.3
Pool ed data
T 124. 4 28.9 130.7 17.2 4.6 0.6
C 124. 4 29.7 130. 8 15.3 4.7 0.6

@ * =gignificant difference (P¢0.05).

b Tz PIT tagged (n = 12 tagged fish tested each day)
C=control (n =4 control fish tested each day).
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11 d for the 3.7-g average fall chinook salnon, 1 of 8 d for 8.7-g average fall
chinook salmon, and 1 of 6 d for steelhead (Tables 6, 7, and 8). However, there
was no obvious trend tothese differences, and we do not believe they have any
bi ol ogi cal inportance. Pool ed conparisons indicated there was no overal l
statistical difference (P¢0.05) in swinmng stam na, stride efficiency, or
respiratory rate between tagged and control fish for any test group (Tables 6
7, and 8 and Figs. 4, 5 and 6).

Nei ther the act of tagging nor the presence of the PIT tag had any effect
on (in-hatchery) post-test survival; none of the PIT-tagged nor control fish
died after testing in any of the Big Beef Creek Hatchery tests (100% survival).
In addition, in all cases, PIT tag retention was 100% during the 14-d post-test
hol ding period, indicating that severe (swinmmng) exercise has no adverse
influence on PIT tag retention.

This study confirms the earlier work of Prentice et al. (1986) and
indicates that the glass-encapsulated version of the PIT tag will not effect the
swiming ability of salnonids in a hatchery situation.

Tests conducted at MNary Dam hel ped define the effects of the PIT tag on
in-river mgrating sal nonids. These tests suggest that the PIT tag will not
conpronmise the ability of mgrating steelhead or underyearling and yearling
chi nook sal non. The Mann-Witney tests indicated no statistical difference
(P<Q.05) in stamina, stride efficiency, or respiratory rate for Pl T-tagged
conpared to control fish for any species tested (Table 9, and Figs. 7, 8, and
9).

Swimming stanina and respiratory rate of coded-wi re-tagged fish and freeze-
branded fish were simlar (P<O®) to controls for all species tested. In
addition, stride efficiency of freeze-branded fish was simlar (P0.05) two

controls in all cases. However, stride efficiency of the coded-wire-tagged
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Table 9.--Swinming stanina, stride efficiency, and opercular
beat rate for in-river nmigrating fish tested at

McNary Dam
Stride Qper cul ar Swi nmi ng

Speci es- _efficiency a _heat rate a = _ stamina
test group b Mean. SD Mean SD Mean  SD
Steelhead
Control 129.1 20.9 145. 7 19.3 2.9 0.5
PIT 125. 8. 17.8 145. 7 16. 3 2.8 0.8
Brand 128. 4 20.7 147.7 17.7 2.8 0.5
owr 123.3 15. 4 146.6 16.3 2.9 0.6
Br anded ]
(non-caudal clip) -- -- -- -- 2.9 0.6
Branded
(caudal clipped) -- - - -- -- 2.8 0.4
Yearling chinook salmon
Control 131.8 23.8 125.0 7.5 3.2 0.7
PIT 124.8 25.1 114.3 L6.1 3.4 0.8
Brand 126. 4 23.3 115.8 19.8 3.2 1.0
owr 122. 0% 23.7 112.5 19.0 3.3 1.0
Underyearling chinook salmon
Control 129.6 35.6 -- - 5.2 1.2
PIT 125.3 33.0 -- 5.2 1.4
Brand 125. 4 32.1 5.4 1.3
Cwr 125.8 33.5 5.5 1.3
8 % = significantly different from controls, P¢0.05

i ndi cates no neasurenents docunented.

o
>
1

30 fish tested for each group.
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group was significantly (P¢<0.05) different fromcontrols in the yearling chinook
sal mon group (this difference was minor, and we do not believe it is of
biological inportance) (Table 9, and Figs. 7, 8, and 9).

Fi ve-day post-test survival was statistically (pP¢0.05) similar in all four
treatments for each species tested (Table 10). In addition, in all cases, PIT
tag retention was 100% during the 7-d post-test holding period indicating that
severe (swimming) exercise has no adverse influence on PIT tag retention of in-
river mgrating fish.

Sw mming stamina was also conpared between branded and caudal -clipped and
branded and non-caudal -clipped fish, and no statistical difference (P¢0.05) was
noted (Table 9 and Fig. 10). An inportant observation was that none of the
currently used fish identification nethods (freeze branding, upper caudal fin
clipping , coded wire tagging, and PIT tagging) have a biologically inportant
i npact onthe swiming ability of any species tested.

In sunmary, during 1985 (Prentice et al. 1986) and 1986 (this study) the
abilities of over 726 PIT-tagged fish were assessed through sw mmng
performances tests (Fig. 3). This work included neasurenents on several size
ranges of spring chinook salnon, steelhead, and fall chinook salnon in both
in-hatchery and in-river (migrating) situations. In no case did the PIT tag
have an adverse effect on the fish. Therefore, we feel confident that the PIT
tag should have no influence on the (mgratory related) swinming ability of

sal nmoni ds.

Concl usions and Recommendations
1. The glass-encapsulated PIT tag is better than the polypropylene-encapsul ated

PIT tag from both a technical and biol ogical standpoint.
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Table 10 --Five-day post fatigue test survival for in-river
mgrating fish tested at McNary Damin 1986.

Survival (%] @

PIT Brand CwWr Contr ol
Speci es (n=30) (n=30) (n=30) (n=30)
Yearling chinook 56. 7 63.3 60.0 63.3
sal non
St eel head 70.0 66. 7 66. 7 70.0
Underyearling
chi nook sal non 30.0 26.7 26.7 26. 7

a PIT indicates PIT-tagged fish, Brand indicates freeze branded
fish, OM indicates coded-wire-tagged fish, and Contro
i ndi cates handl ed but unnarked fish.
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Survival of PIT-tagged sal nonids wei ghing greater than 5 g (nean weight) in
a nonsmolting and disease free condition will be near 100% However
smal ler fish or those undergoing snoltification or diseased may exhibit
mniml (usually less then 5% nortality.

The gl ass-encapsul ated PIT tag does not cause adverse tissue reaction in
juvenile chinook salmon or steelhead.

PIT tags normally do not nmigrate fromthe area of inplant.

Tag retention in juvenile sal nonids exceeds 99%

Active swinming does not affect tag retention in juvenile chinook salmn or
steel head (100% tag retention in all tests).

Neither the PIT tag nor traditional tags and marks (e.g., coded wire tags
and cold brands) significantly affect sw nmng behavior or ability of
juvenile sal nonids.

The operational life of the new glass-encapsulated PIT tag is excellent,
with 100% of the tags still operating after 400+ days of operation in
fish.

The gl ass-encapsul ated version of the PIT tag is developed to a point where
it can be considered for use by agency nmanagers and researchers in

t aggi ng studies. These initial studies should, however, be relatively
smal | scale until all equipment necessary for autonated taggi ng and

monitoring at release can be eval uated.
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FI ELD STUDI ES

Reliability of Juvenile PIT Tag Mnitors
at Lower Granite and MNary Dans

I ntroduction

Prototype juvenile PIT tag nonitoring equipment was evaluated under field
conditions at McNary Damin 1985 (Prentice et al. 1986). Simlar methods were
used to determine the reliability of juvenile PIT tag nonitoring stations
installed at Lower Granite and McNary dams during the 1986 field season. The
equi pnent was operated continuously to ensure the accuracy and reliability of

the collected data and to determne areas for design inprovenent.

Met hods and Materials

The first study site was located at Lower Ganite Dam on the Snake River
approximately 54 km down river from d arkston, Wshington (Fig. 11). six
juvenile PIT tag nonitors were installed in pairs within three fish discharge
flumes and pipes of the juvenile wet separator (Fig. 12). Al the nonitors were
122 cmlong. However, due to the various shapes of flumes and pipes within the
bypass system the nonitors were custom fit to replace existing flumes and
pipes. Mnitors A and B were 25.4 cmin dianeter, and Mnitors C through F were
15.2 cm high by 45.7 cm wide.

The second study site was located at MNary Dam on the Columbia River near
Umatilla, Oregon (Fig. 11). Six juvenile PIT tag nonitors were also installed
in pairs within the fish discharge flumes of the juvenile wet separator
(Fig. 13). The MNary nonitors were all 122 cmlong and 15.2 cm high. Monitors
Aand B were 25.4 cmwide, Mnitors Cand D were 35.5 cmw de, and Mnitors E

and F were 45.7 cm wi de.
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All nonitors at both dams were constructed with the follow ng: 1) an
aluminum shield to elininate errant radlo enmss lons and provi de weat her
protection, 2) two tag detection |loops, and 3) a dual exciter within the
shi el di ng. In addition, each monitor had Its own renptely | ocated power supply.
The wiring scheme at both |ocations _provi ded two sub-systems& o provide backup
In case of electrbnlc failure. The exciters of Mmitors A C and E the
upstream sub-system were connected to an individual controller unit and printer
whereas Mnitors B, D, and F were connected to simlar equipnent and called the
downstream subsystem  Both sub-systens were connected to a conputer through a
multi-port controller and were on separate electrical breakers. The conputer
and both controllers were powered through a battery backup system (Fig. 14).

We operated at Lower Granite Damfrom6 April to 15 July 1986 and at MNary
Dam from 14 April to 28 Septenber 1986. To evaluate the operational |ongevity
of the electronic conponents, they were operated continually during the study.
Tag reading reliability tests were conducted nonthly--four tests per pair of
nmonitors at Lower Granite Dam (Table 11) and six tests per pair of nonitors at
McNary Dam (Table 12). Each, test consisted of releasing neutrally buoyant
plastic fishing bobbers (5.8 cmlong by 2.5 cmin dianmeter) containing a
functional PIT tag. The bobbers, connected with a line, were released into' the
entrance of each monitor for the first trial and then retrieved back through for

the next trial.

Results and Di scussion

The nonitoring equipnment performed satisfactorily during the 1986 field
season with only four minor electronic equipnent problens. Al repairs were
made in the field within 1 h of discovery. However, a software problem was

detected which required revision by the nanufacturer.
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Table 11 .--Summary of reliability test conducted at Lower Granite Dam 1986.

Tot al Nunber Per cent
nunber of tags tags Tag reading errors
Test date Moni t or s of tags not read read Nurber Per cent
9 April AB 121 1 99 3 2.5
cD - -
EF 221 0 100 5 2.3
6 May AB 121 0 100 3 2.5
CD 40 0 100 3 7.5
EF 101 1 99 0 0
7 My AB 101 - 100 0 0
CD 60 1 98 0 0
EF 121 0 100 2 1.6
3June AB - - - -
CD 60 0 100 9 15-0
EF 91 0 100 0 0
1 July AB 121 1 99 4 3.3
CD 50 0 100 6 12.0
EF 100 1 29 2 2.0
Tot al AB 464 2 99.6 10 2.2
Tot al cD 150 1 99.3 19 12.7

Tot al EF 634 2 99.7 9 1.4




Table 12 .--Summary of reliability test conducted at MNary Dam 1986.

43

Tot al Number Per cent
nunber of tags tags
Test date Moni t ors of tags not read read Nunber Per cent
14 April AB 201 99 1 0.5
CcD 241 98 1 0.4
EF 201 99 1 0.5
30 My AB 91 100 1 1.1
CD 126 98 0 0
EF 91 100 1 1.0
23 June AB 109 100 0 0
CcD 50 100 0 0
EF 101 100 1 1.0
25 June AB 101 100 0 0
CD 100 99 1 1.0
EF 100 99 2 2.0
17 July AB 101 100 0 0
CcD 61 98 0 0
EF 101 99 0 0
9 Sept enmber AB 121 100 0 0
CcD 121 100 0 0
EF 242 99 0 0
Tot al AB 724 99.7 2 0.3
Tot al CcD 699 98.7 2 0.3
Tot al EF 836 99.5 4 0.5
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The first equipment problem occurred at Lower Granite Dam when the
conputer's internal power supply malfunctioned. A spare conputer was installed
the following day. Since the data we.re stored both on a printer and on a
conputer file, no data were lost. The second problem occurred at Lower Ganite
Dam when the naster breaker to the PIT tag detection systemwas tripped by an
air conditioner in another building and 16 h of data were |ost. Subsequently,
the probl em was avoided by Installing the systemon an Individual circuit
br eaker. The third Incident occurred when a switch for the downstream
controllers at Lower Ganite Dam was accidentally switched off. Since the
nmonitors at the dam were configured into two conpletely independent sub-systems
(upstream and downstream), no data were |ost. Consequently, the sub-system
becane a built in backup system The fourth problem was the failure of the
exciter units In Mnitors E and F at McNary Dam  This problem occurred on four
separate occasions but never in both the upstream and downstream systens
sinmul taneously. The two problem nonitors (E and F) were located on the sub-
sanpl e flume. This flume was dewatered 90% of the tine, and the detectors were
tuned for maximum water flow Therefore, during the dewatered tine, a power
overload occurred which eventually overheated the circuitry. The problem was
tenporarily corrected In the field by replacing the exciter unit wth a spare.
The manufacturer is currently researching a power limting systemto prevent
future problens.

Results of the nonthly tag reading efficiency tests (percentage of tags
detected) are shown in Table 11 for Lower Ganite Dam and Table 12 for MNary
Dam The percentage of tags read by any pair of detectors was never |ess than
98% at either station, and the overall detection rate at both Iocations exceeded

99%  These results surpass the goal of 95% set at the start of the project.
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Duringreliability testing, 8 tag reading errors at MNary Dam and 38 at
Lower Granite Dam were detected. Detectors C and D accounted for 50% of the
errors at  Lower Granite Dam. The errors at Lower Ganite Dam were caused by
| eaving Detectors C and D running with partial power because the flume in which
they were installed was used only twce during the field season. The partial
power node hel ped reduce the risk of damage to the electronics by overheating.

Tag reading errors occurred nmostly during reliability testing when several
tags passed through the detector |loops at the sane tinme due to a fouled test-tag
string. In addition, tags remaining within the outer fringe of the reading area
for more than several seconds occasionally were nmisread. To our know edge, this
occurred only during rellablllty testing. In all cases, misread tags were read
correctly in subsequent coils. To correct msreading problens, the manufacturer
reprogrammed the software to require each tag to be read twice correctly by one
coil prior to witing to the file. A test conducted at McNary Dam after the
modi fi cations indicated no misreading problens, however, additional tests of the

doubl e-read software are required to verify its reliability.

Tag Reading Efficiency of Juvenile Pit Tag

Monitors at Lower Granite and McNary Dans

I ntroduction

Juvenile PIT tag nonitors were evaluated for tag reading efficiency under
field conditions in 1985 at MNMNary Dam (Prentice et al. 1986). For the
evaluation, live fish were released directly into the wet separator above the
detectors and 97.1% of the yearling chinook sal nobn and 92.5% of the
underyearling chinook salnmon were detected.

To increase detection efficiency, the MNary Damnonitoring system was

upgraded electronically in 1986. In addition, a PIT tag detection system was
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installed at Lower Granite Dam  Therefore, the PIT tag reading efficiencies of
both systens were evaluated wth live fish during the 1986 field season using
the glass-encapsulated PIT tag. The behavior of the PIT-tagged fish is also

di scussed.

Met hods and Materi al

Two PIT tag nonitor stat ions were tested, one at the juvenile salnonid
collection facility at McNary Dam and one at Lower Ganite Dam (Figs. 11, 12
13, and 14).

Two tests were conducted at Lower Granite Dam yearling chinook salnmon were
evaluated on 11 and 12 April and steelhead on 5 and 6 May 1986. Three tests
were conducted at MNary Dam yearling chinook salnmon on 9 and 10 My,
steel head on 17 and 18 May, and underyearling chinook salmon on 26 and 27 June
1986. At both facilities, sub-sanples of fish passing through the collection
system were diverted into an inspection room where they were dipnetted and
inspected for fin clips, descaling, injuries, species, and brands. Only fish
having linited scale loss and no previous narks, tags, or injuries were used in
a given study. The fish were PIT-tagged by the method described in Appendix A
Twenty-five groups of twenty fish were tagged and neasured to the nearest 3 mm
(fork length). A 10% sub-sanple was weighed to the nearest 0.5 g. The data for
each fish were automatically entered on a conputer file as described earlier in
this report, Each test group was held in a covered 132-liter portable container
with a continuous supply of aerated ambient river water.

The fish were held for 24 h then released directly into the upwells of the
wet separators (Figs. 12 and 13). Prior to release? each group was exam ned for
tag loss and nortality. Al nortalities were replaced with fish fromthe 25th

group of fish, and fish remaining in this group were not used in the eval uation.
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The individual code and length of the replacement fish were substituted for the
removed nortalities. Therefore, each of the 24 release containers had 20 fish,
for a total of 480. Two groups were released at 30-min intervals until all 24
groups were placed into the wet separator.

All fish were allowed to pass through the wet separator on their own
volition. During their exit from the wet separator, all fish were passively
interrogated for tag presence. Upon detection of a PIT-tagged fish, the PIT tag
codes were automatically recorded by the detection system The code of each PIT
tag, nonitor and detection |oop position, time of passage (day, hour, ninute,
and second), and date of passage (nonth, day, and year) were recorded into a
computer and printer file. Reading efficiency was conpared between replicates
and test groups using the G2-statistic (Sokal and Rohlf 1981). A goal of 95%

or better, detection efficiency was established.

Results and Discussion

Detection efficiency ranged from96.0 to over 99.0% intests at both dans
using live fish injected with glass PIT tags (Table 13 and Fig. 15). In all
cases, these results exceeded our goal of 95% detection efficiency. O the
2,260 fish released 2,205 were detected, for an overall detection efficiency of
97. 6% There was no statistical difference (P<O 05 df=4) in detection
efficiency between groups for any species tested at either dam During the
yearling chinook salnon tests at Lower Ganite Dam the wet separator flooded
resulting in a water overflow that allowed fish to bypass the detection system
This problem affected the first eight release groups. Consequently, this test
was eval uated using Releases 9 through 25 only (17 groups).

In all tests, 95%or nore of the fish released exited the wet seperator

within the first 10 h (Figs. 16 and 17). However, passage tinme varied
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Table 13.--Summary of efficiency tests conducted at MNary and Lower Granite dams in 1986
using chinook salnmon and steel head.

Mean
N u m b e r - exit time
Locati on Speci es Rel eased  Detected (% SD (h)
Lower Granite Yearling chinook 340 2 335 98.5 0.588 b 2.72
sal mon
Lover Ganite St eel head 480 471 98.1 1.248 ¢ 0.89
Subt ot al 820 806 98.3
McNar y Yearling chinook 480 463 96.5 0.690 ¢ 0.59
sal mon
McNar y St eel head 480 460 96.0 0.900 ¢ 1.14
McNar y Underyearling 480 4 7 6 _99.0  0.530 € 1.50
chi nook sal mon
Subtotal 1440 3399 97.1
Tot al 2260 2205 97.6

a Only 17 of 24 groups of fish were used in the test because of fish being able to bypass
the detection system due to a wet seperator failure.

b =17

€ n=20
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tremendously, ranging fromless than 10 seconds for the first fish (in the
yearling chinook salnon and steelhead tests) to 175.12 h for the last fish (in
the underyearling chinook salnon test). Aver age passage tine was al so not
consi stent between species or dams and ranged from 0.59 to 2.72 h (Table 13).
The efficiency test for yearling chinook sal mon conducted at McNary Damin 1985
(Prentice et al. 1986) showed exit times simlar to those observed in 1986.
Because so many factors could account for variations in the exit tines (i.e.,
river flow, tenperature, snoltification status, etc.), no explanation is offered
for these differences.

Qur PIT tag detection efficiency tests indicate that a high rate of
detection can be expected for |live (tagged) fish passing through detection
systems incorporated into wet separators at fish collection facilities at
hydroel ectric dams. In addition, these tests suggest there are factors
(environnental or physiological/behavioral) that pgy influence fish novenment

rates through a wet separator.

PI T-tagged Fish Conpared to Branded

Fish from Dworshak National Fish Hatchery

I ntroduction

The migration characteristics of juvenile salnonids within the Colunbia
River system have been studied annually since 1964 (Raynond 1974). G oups of
fish are nornally marked (either at the hatchery or in-river), released, and
then sampled at the collector dans. Freeze branding has been the traditional
method used to identify these groups of fish (Park and Ebel 1974). However,
branding requires the release of large nunbers of fish and the physical handling
of each recovered fish to collect sufficient data at the nmonitoring sites.

Because branded fish make up only a small portion of the outmgrants, recovery
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necessitates the incidental physical handling of mllions of salnonids each year
at the collector dams. Thus, the freeze brand/recovery procedures produce an
added handling stress to a large portion of the outmigrants within the Col unbia
River system

The use of PIT tags instead of brands has the potential to provide
statistically and/or biologically conparable results with a 90 to 95% reduction
in the nunber of fish required for a given study (Prentice et al. 1986). By
using PIT tags in studies that deal with juvenile salnmnids within the Snake and
Colunbia river systenms, the nunber of fish stressed at marking can be
dramatically reduced. Furthermore, stress to the general population of
mgratory fish would al so be reduced since PIT tag nmonitoring is passive (i.e.,
requires no handling of fish for recovery of identification infornmation).

The objective of the present study was to conpare the difference in
behavior, survival, and detection ratio of two species of PIT-tagged and branded
fish interrogated or observed at the juvenile collection facilities at Lower
Ganite and MNary dams. The study was a cooperative effort between the Fish
Passage Center and the NWS. Spring chinook sal mon and steel head fromthe
Daworshak National Fish Hatchery (NFH) near Orofino, |daho, were eval uated
(Fig. 11). Al branded fish were part of releases coordinated for water budget

managenent (Annon. 1987).

Met hods and Materials

Spring chinook salnon were freeze-branded, coded-wire-tagged, and adipose-
clipped by the Idaho Departnment of Fish and Gane (I DFG using nethods described
by Park et al. (1974) between 18 and 22 Novenber 1985. In early February, a
total of 41,584 branded spring chinook salnon. ranging in fork length from99 to

190 mm (100 fish sanple), were placed into two raceways. Between 19 and
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21 February 1986, a group of 2,500 spring chinook salmon, ranging in fork |ength
from80 to 189 nm were randomy selected from an adjacent raceway and PIT
tagged using nethods described in Appendix A Individual PIT tag code and fork
length (+3 nmm were recorded for each fish, and 10% of the fish were weighed
(LQ5 q).

In one of the two raceways containing branded fish, 2,300 PIT-tagged fish
were added. An additional 200 fish were held for 22 days in a 2-mdianeter
circular tank for tag retention and survival docunentation. Daily nortalities
from the raceway and the tank were collected by the hatchery staff and stored in
70% et hanol for later examnation. Mrtalities were subtracted fromthe nunber
marked to obtain the nunber released. Fish fromthe 200-fish observation group
were nonitored for tag |loss and rejected tags, and the remaining tagged fish
were added to the tagged population in the raceway 2 days prior to release. On
25 March 1986, 100 fish were sanpled by |DFG personnel for brand condition and
fork length.

The rel ease of spring chinook sal non took place on 2 April 1986 between
2000 and 2200 h. Four 101-nmtwin |oop detectors were installed in the exit of
the raceway, and the entire raceway population passed (crowded) through the
detector system (Fig. 18). The PIT code, exit time, and release date were
automatically recorded onto a conputer file and printer. The follow ng day, the
entire raceway was visually and electronically examned for PIT tags that mght
have been rejected.

St eel head were marked (by branding and PIT tagging) between 2 and 3 Apri
1985. Fish for the two treatment groups were randomly obtained from a hatchery
pond. The freeze-brand group, marked by IDFG totaled 35.372 and received no
ot her marks. The PIT-tagged group totaled 2,466 fish. Fish from both groups

were immediately returned to the pond after marking and tagging. However, a
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200-fish sub-sanple of PIT-tagged fish was held separately for docunmentation of
tag retention and fish survival. The remaining tagged fish fromthis
(observation) group were added to the population in the pond on the day prior to
rel ease.

Daily nortalities fromthe pond and tank were collected by hatchery staff
and stored in 70% ethanol for [later exanination. Al known nortalities and
rejected tags were subtracted from the final release nunber. Brand condition
was eval uated by |DFG personnel 1 week prior to rel ease.

St eel head were released on 7 May 1986. Al fish in the pond were crowded
through four 101-nmtwin | oop detectors between 1000 and 1200 h (Fig. 18).
Following the release, the pond was visually and electronically examned for PIT
tags that mght have been rejected.

Branded fish were nmonitored by NMFS personnel as part of the Snolt
Monitoring Program at Lower Granite and MNary danms (Annon. 1987). Brand
information was collected (subsanpled) on a daily basis and expanded according
to the sanple rate at each location. Sanple rates averaged 10%for spring
chinook salnmon and 7% for steelhead at Lower Granite Dam and 10% for both
species at MNary Dam

Pl T-tagged fish were passively nonitored at Lower Ganite and MNary dams
by the PIT tag detection systems. O the fish passing through the collection
facilities, 100% were interrogated, and the tag code and detection tine (£l sec)
were recorded for each tagged fish. The study was termnated at each nonitor
site when the last fish from the branded or PIT-tagged group was observed.

Recovery data were eval uated using the G2-statistic described by Sokal and
Rohlf (1981). Significance was set at P<0.05 for relative differences between

treatments.  Travel time data for PIT-tagged fish were given to the Fish Passage
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Center to conpare PIT tag timing with brands. A separate evaluation of these

data can be found in Annon. (1987).

Results and Discussion

Spring Chinook Salmon.--Noapparent difference in pre-release nortality was
observed between PIT-tagged (2.0% and branded fish (2.29% (Table 14). This is
consistent with previous studies indicating that the PIT tag does not conprom se
survival compared to other traditional marking nethods (Prentice et al. 1986).

PIT tag codes were nonitored as spring chinook salnon were released from
the raceway, and problens wth release nonitor software were observed. Wen
| arge numbers of PIT-tagged fish passed through the detectors in a short ting,
the conputer buffers became overloaded and the system would tenporarily shut
off. Consequently, approximately 50% of the fish were not detected at release
and no determination of release nunber was made using this method. Rel ease
nunbers were estinmated, however, fromthe known survival ‘of the popul ation.

Brand quality (readability) and PIT tag retention were conpared. Brand
condition of the spring chinook salmon was estinmated by | DFG at 97% readable, 1%
non-readabl e, 1% no brand, and 1% ul cered or burned. In addition, 5% of the
**good” brands were observed to be in the wong position. Adjustments for brand
readability are normally not made for snolt nonitoring. Therefore, no
adjustnments  were made to the final release nunber for this test. PIT tag
retention was estimated to be at |east 98% over the 41- to 43-d hol ding period
(four tags were rejected fromthe 200 fish observation sanple and 22 tags were
recovered from the raceway). Known rejected tags were renoved fromthe
popul ation at rel ease.

Significant differences (P<O 0, df=l) between percent data recovery for

PI T-tagged and branded fish were observed at the juvenile collectionfacilities
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Table 14.--Summary of Dworshak NFH release studies - 1986.

Number of fish by monitor location 2
Total Total Pre-release Lower Granite Dam NcNary Dam
fish fish mortality
Species Treatment handled released % Observed Expanded % Observed Expanded %
Spring Brand 41.504 40. 675 2.2 474 4.659 11.5 362 3,402 8.9
chinook
Spring PIT tag 2,500 2.450 2.0 464 18.9 264 10.8
chinook
Steelhead  Brand 35,372 35.025 1.0 571 7.061 20.2 39 389 1.1
2,466 2.424 17 928 3. 45 1.8

Steelhead PIT tag

8 Expanded number derived from dai | y (brand recovery) sampling.
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at Lower Gani te (G2 = 108) and McNary dans (G2 - 16) (18.9 vs 11.5% and 10.8
vs 8.9% respectively), with PIT tag data being recovered at a higher rate
(Fig. 19). At Lower Ganite Dam 464 PIT tags were detected and 4,659 brands
observed whereas at MNary Dam 264 PIT tags and 3,402 brands were docunented.
The brand data are an expansion of the sub-sanples adjusted by daily sanpling
rates whereas PIT tag detection represents interrogation of 100% of the fish
exiting the wet separator (Table 14). A partial explanation for the difference
between brand and PIT tag recovery may be that PIT tag detectors electronically
interrogate 100% of the fish passing through the wet separator at a collection
facility whereas brand recovery can be influenced by unreadable brands, human
error in brand identification, and errors in data recording. However, fish
behavior and in-river nortality may also be contributing factors in the |ower
rate of brand recovery.

The handling ratio between PIT-tagged and branded fish at both dans during
the col l ection period was 1:315. This ratio includes the nunber fish handled
during marking as well as the nunber handled at the dams during sanpling. These
data indicate that significantly fewer fish were stressed by handling using the
PIT tag method than by the traditional freeze branding nethods.

The first and last Dworshak NFH freeze-branded spring chinook sal non were
observed on 8 April and 1 June 1986 at Lower Granite Damand 22 April and 28 May
1986 at McNary Dam respectively. PIT-tagged fish were detected between 8 April
and 1 June 1986 at Lower Ganite Dam and 22 April and 28 May 1986 at MNary Dam
The nedian travel time (days) to Lower Granite Dam and MNary Dam were sinilar
for both the PIT-tagged and branded spring chinook salnmon groups (20 and 19 d,
and 33 and 39 d, respectively). This indicates that the PIT tag does not
influence the mgration of spring chinook salnon conpared to traditional marking

met hods.
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Steelhead.--No signif icant difference was observed in pre-release nortality
between the PIT-tagged (1.7% and freeze-branded fish (1.0% (Table 14). These
results are simlar to those obtained with spring chinook salnmon, further
supporting our conclusion that, when properly applied, the PIT tag does not
conpronise the survival of the fish.

PIT tag retention was evaluated prior to release of these groups of
st eel head. PIT tag retention in the 200 fish observation group was 93.0% which
was exceptionally low conpared to previous studies (Prentice et al. 1984, 1985,
and 1986) and appeared to be due to inproper tagging technique. An antibiotic/
petroleumjelly conpound was used to help hold the tag within the bore of the
tagging needle. The adhesiveness of the conpound caused the tag to remain on
the tip of the needle and, therefore, not to be inserted properly. The tagging
technique has been nodified to avoid the problem by elimnating the conpound
and/or replacing it wth ethanol.

Data collected during tag monitoring at rel ease accounted for all but 7.5%
of the PIT-tagged fish in the nain population. However, for consistency wth
the spring chinook salnon test, release nonitor data were not used for
popul ation recovery estimates. Therefore, all PIT tag recovery data are
compared to the actual nunber of fish tagged minus nortalities and known
rejected tags.

Brand quality observations were mnade by |DFG prior to release, these

estimates indicated that 2% of the steel head had unreadabl e brands, 6% were

marked in the wong location, and 42% had burned or ulcered brands. O the
burned or ulcerated brands, all were determned to be "readable but obscured" at
the time of the sanple. Adjustnents for brand readability are normally not nmade

for smolt nonitoring. Therefore, no adjustnents were nade to the final release

nunber for this test.
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Significant (p¢0.05, df=l) differences between PIT tag detection and brand
observations were observed at Lower Granite (¢2 = 388) and McNary dans (G2 = 9)
(38.1 vs 20.2%, and 1.8 vs |.1% respectively) (Fig. 20). The 928 PIT tags
detected at Lower Ganite Dam and the 45 detected at MNary Dam represent
interrogation of 100% of the fish exiting the wet separators. The 7,061
oberservations for branded fish at Lower Ganite Dam and the 389 at MNary Dam
were arrived at by expanding sub-sanmple data by the daily sanple rate
(Table 14). A partial explanation for the difference between brand and PIT tag
recovery rates for these groups of steelhead nay be that PIT tag detectors
el ectronically interrogate 100% of the fish passing through the wet separator at
a collection facility whereas brand recovery can be influenced by unreadable
brands, human error in brand identification, and errors in data recording. In
addition, it is likely that a large number of the burned or ulcered branded fish
may have died or the brands becane unreadable between tine of release and
recapture.

Overal |l handling ratio between Pl T-tagged andbranded fish was 1:161, this
ratio includes the nunmber fish handled during marking as well as the nunmber
handl ed at the danms during sanpling. These data indicate that significantly
fewer steelhead were stressed by handling using the PIT tag method than by the
traditional freeze branding nethods.

Dworshak NFH freeze branded steelhead were observed between 9 My and
14 June at Lower Ganite Dam and between 16 May and 8 June 1986 at MNary Dam
PIT tags were detected between 9 May and 14 June 1986 at Lower Ganite Dam and
between 16 May and 8 June 1986 at McNary Dam  The nedian travel times (days) to
Lower Ganite Dam and MNary Dam were simlar for both the PIT-tagged and
branded steel head groups and differed by only 1 d at both locations (9 d and

10 d, and 20 d and 19 d, respectively). This indicates that the PIT tag does
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not influence the apparent migration rate of steelhead as conpared to

traditional narking nethods.

McNary Reservior Rel eases

[ ntroduction

In 1985 tests were conducted conparing the collection ratio of freeze-
branded fall chinook salnon to Pl T-tagged fall chinook salnon at the McNary Dam
juvenile fish collection facility. nNosignificant difference in the collection
efficiency between the two groups was indicated whereas a significant difference
between the handling ratio was observed. Data analysis also indicated that PIT
tag recovery data were nore statistically reliable than brand data (Prentice et
al. 1986).

In 1986, the PIT tag nmonitor system was upgraded and new gl ass-encapsul ated
PIT tags were devel oped. Therefore, the reservoir release studies were repeated

in the 1986 field season to evaluate the new system

Met hods and Materials

Steel head and yearling and underyearling outmigrating chinook salnon were
scheduled for wuse in the study. Steel head were to be tested on 2 June 1986;
however, the test was termnated the sane day due to |low numbers of steelhead in
the collected sanple. To collect enough steelhead woul d have required excessive
numbers of miscellaneous species to have been handl ed. Qutnmigrating vyearling
chinook salnmon were tested from 13 to 27 May 1986. Testing of underyearling
chinook salmon was conducted from 10 July to 8 August 1986.

Al fish were randonly sanpled from the MNary Dam juvenile collection
facility. However, no weak, highly descaled or previously marked fish were
used. A total of 5,500 yearling and 5,500 underyearling fall chinook sal nmon

were used in the two tests (Table 15). Mrking and PIT tagging were conducted
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Table 15.--Recovery of branded and PlY-tagged yearling and underyearling chinook salmon released into
McNary Reservoir, 1986.

Pre- Actual Expanded

Total fish  release number of number of Standard

tagged and mortality Total fish fish fish Percent  deviation
Year class Treatment® branded ) handledb observed observed observed %)
Under- Brand 5,000 3.8 206.849 95 1.371¢ 27.4 4
yearling
Under- PIT tag 500 3.6 500 142 1429 284
yearling
Yearling Brand 5,000 1.5 165.190 194 2,101 38.9 10

i 318 3189 636 2

Yearling PIT tag 500 1.0 500 .

a All data are for combined replicates.

b Includes all species handled in marking and sampling during the experimental period.

The expanded value is based upon adjusting the actual observed number of fish in the subsample by

14.3 to adjust for the subsample rate during that collection period.

No expansion factor is required since the number of fish observed represents 100% of the PIT tagged

fish passing through the collection facility.

e The expanded value is based upon adjusting the actual observed number of fish in the subsample by
10.0 to adjust for the 10% subsample during that collection period.
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over a 5-d period for both species, with 1,100 fish handl ed each day. O the
1,100 fish used daily, 100 fish were randomly subsanpled and injected with PIT
tags using the method described in Appendix A Al PIT-tagged fish were
measured to the nearest +3 nm (fork length), and a 10% subsanpl e was wei ghed to
the nearest 0.5 g. The remaining 1,000 fish were marked with a freeze brand
(Park and Ebel 1974) and the upper caudal fin clippedl’/ but not weighed or
measured.  The yearling chinook salmon ranged in length from 102 to 298 mm
whereas the underyearling fish ranged in length from72 to 151 nm Al fish
were transferred via flowing water to a 1,800-liter transport tank |ocated on a
truck. Brands were changed daily for each replicate, and each PIT-tagged fish
had an individual code. Both PIT-tagged and branded fish were held together in
the transport tank for 24 h with flow through water prior to being transported
to the VWalla Walla Yacht Harbor at Port Kelly, Washington, 35 km upstream from
McNary Dam  The fish were transferred from the truck via gravity flow through a
hose to a barge carrying a transport tank receiving a continuous supply of river
water. The fish were then barged to the main river channel and released. Prior
to release, all dead fish were collected for tag and mark identification.

PIT tag detection was perfornmed by three automatic nonitoring systens
|ocated at the McNary Dam juvenile salnonid collection facility. The tag
monitor systens required no handling of fish and automatically stored tag codes
detection time, and date on a conputer file and printer. The nonitor systems
were positioned to interrogate 100% of the fish passing through the juvenile
collection facility (Fig. 13).

Branded fish were nonitored by NWS personnel at the juvenile salnon

collection and inspection facility at McNary Dam as part of the Smpblt Mnitoring

lFreeze brands are difficult to read until about 4 d after marking, thusa upper
caudal clip is generally used by researchers as a flag whenever brands are
expected to be read prior to 4 d.
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Pr ogr am (Annon. 1987). A subsanple of the fish exiting the wet separator was
diverted to an inspection room by a tiner system which opened the sanple gates.
The subsampled fish were dipnetted; anesthetized; and inspected for fin clips,
descaling, injuries, and brands. The fish were then diverted to a raceway for
transport downstream Subsanple rates were targeted at 10% for yearling and 7%
for underyearling chinook sal non. However on several occasions during both
tests, nunbers of juveniles being collected exceeded the carrying capacity of
the subsanpling system requiring the subsanple to be reduced until the nunbers
collected dropped to safe |evels. Therefore, the expansion factor for brand
collection was adjusted to the actual daily sanple rate.

Comparison between nunbers of fish handled with PIT tags and brands was
termnated when the last fish from either group was observed (2 June 1986 for
yearling chinook and 8 August 1986 for underyearling chinook salnon). Recovery
data were used to formcontingency tables utilizing the G2-statistic described

by Sokal and Rohlf (1981).

Results and Discussion

A total of 5,500 each of yearling and underyearling chinook sal non were
used in the 1986 reservoir release conparative study. The spring outmigration
of yearling chinook salmon is primarily conposed of spring, sumrer, and fall
races and occurs from April to June. The underyearling outnigration occurs in

July and is primarily conposed of fall chinook sal non stocks. Results are

sunmarized in Table 15.

Yearling Chinook Salmon.--aAsignificant difference (p¢0.01, df=l) in recovery
rate was observed between the brand and PIT tag groups. The total nunber of
PI T-tagged yearling chinook salnon detected exiting the collectionfacility was

318 (63.6%. This represented interrogation of 100% of the PIT-tagged fish that
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were gui ded and passed through the collection facility at McNary Dam  The total
nunber of branded yearling chinook salnon observed (expanded according to daily
sanpling rates) was estimated to be 2,101 (38.9%. The nunber of detected fish
fromeither group should represent the collection efficiency for MNary Dam for
outmgrating yearling chinook salnon during the collection period.

Significantly different recovery rates were observed amobng the five branded
replicates (p¢0.01, df=4) whereas no significant difference (P<OQ, df=4)
existed among replicates of PlIT-tagged yearling chinook salnon (Fig. 21). This
indicated that the PIT tag provides nore precise recovery estimates than brand
information for migrating yearling chinook sal non.

During these tests, 165,190 fish were handled for branding and brand
sanpling to obtain 194 fish in the subsanple. For the PIT-tagged groups,
however, only 500 fish were handled to obtain data on 318 fish while an
estimated 1,632,086 fish were passively nonitored. This handling difference
equates to a ratio of 33G1. In addition, 99% of the fish sanpled for the brand
eval uation were not branded and, therefore, were unnecessarily stressed.

The large discrepancy between recovery rates of PlIT-tagged versus branded
yearling chinook salnon test groups as well as the statistical difference anong
the brand replicates suggest a potential bias may be associated with the
recovery process or readability of brands. Therefore, we recomend further

testing addressing the sanpling process to identify the source of error.

Underyearling Chinook Salmon.--NoSignificant difference was observed between
the recovery of branded and PIT-tagged underyearling chinook salmon. The total
nunber of PlIT-tagged underyearling chinook salnon exiting from the collection
facility was 142 (28.49%. The estimated nunber of branded underyearling chinook

salmon recovered was 1,371 (27.4%. Both the brand and PIT tag recovery rates
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should represent the collection efficiency of the bypass systemat MNary Dam
during the test period.

A concurrent study to determine the efficiency of subnersible traveling
screens in guiding fish fromturbine intakes to the bypass systemwas conducted
by NVFS (Swan and Norman 1987). They estimated the average guiding efficiency
(which also represents collection efficiency because there was no spill during
this tinme period) to be 28.4%, which conpares quite well with our findings.

Even though there was no difference between the total percent recovery of
branded underyearling chinook salnon, there was a significant difference
(P<O0. 0, df=4) ampbng the five replicates in the brand study group. Because no
simlar significant differences were found anong the five PIT tag groups
(Fig. 22), the PIT tag data can be considered nore statistically reliable. This
finding is supported by sinilar results observed in the 1985 Reservoir Study
(Prentice et al. 1986).

VWi le testing underyearling chinook salnon, 206,849 fish were handled in
the marking and subsanple process. Meanwhile, only 500 total underyearling
chinook sal non were handled for the PIT tag marking, and an estimted 2,881, 006
were passively nonitored by the PIT tag system This equates to a ratio of
414:1 in handling difference between the two nethods. Furthernore, of the
206, 849 fish handled for brand eval uation, 99% were unmarked fish and were,

therefore, unnecessarily stressed.

Conparison of the PIT tag to Traditional

Tagging and Marking Methods

I ntroduction
The objective of this work was to conpare survival of fish injected with

PIT tags to survival of fish tagged and/or marked using traditional nethods
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[coded wire tags (OM) and freeze brandsl under conditions that prevail at a
dam These tests were conducted at Lower Ganite and MNary danms (Fig. 11)
using mgrant juvenile salmonids. It is believed that comparisons with in-river

mgrants represent a severe test of tagging and narking methods.

Met hods and Materials

Comparative studies were conducted at Lower Ganite Dam from 10 April to
19 May and at McNary Dam from 28 April to 30 July. OQutm grating yearling
chinook salnmobn and steelhead ‘were evaluated at Lower Ganite Dam whereas
yearling and underyearling chinook salnon and steel head were evaluated at MNary
Dam All fish used in the studies were collected fromthe juvenile collection
facilities at the dams. The size of the fish is shown in Table 16.

The survival of PIT-tagged fish was conmpared to control fish (handled, but
not tagged or marked), OCW, CW and branded, and branded fish. Traditional
tagging and branding nethods were used in the study. PIT tagging techniques
followed the procedures outlined in Appendix A Al treatnents (20 fish each)
were conbined and held as five replicate groups (100 fish each) since each
treatment could be recognized by its identifying tag or mark. The fish were
held for up to 15 d in four holding pens suspended within a raceway. A
continuous supply of anmbient river water flowed through the holding pens. The
fish were examned daily for nortality.

Survival information was analyzed for differences using the predictive
sample reuse (PSR techniques for categorical data (Kappenman 1983). The nodel
took into account test type (CWM, PIT, CW and brand, brand, and control),

replicate location, and 14-d post-test nortality.
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Table 16.--Size of fish used in conmparing PIT-tagged fish to traditionally tagged and marked

fish.

Year Veight  (g) _  length (mm)

cl ass/
Location speci es Mean  SD M nimum  Maxi mum Mean SD M nimum Maxi num
Lower Yearling 21.1 7.6 8.7 52.7 129 14 100 173
Ganite chi nook
Dam sal mon
Lower St eel head 86.7 24.3 43.0 174.2 213 27 168 271
Ganite
Dam
McNar y Underyearling 13.6 6.5 3.1 56.9 104 11 85 140
Dam chi nook sal mon
McNary Yearling 20.6 7.0 7.8 45.9 129 14 94 167
Dam chi nook

sal mon

McNary St eel head 66.2  20.6 21.1 115.7 203 22 145 247

Dam
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Results and Di scussion

Analysis of the data (Table 17) indicated that all but one test group
(McNary Dam underyearling chinook salmon) best fit the nodel stating: no
association exists between replicate location and nortality, tagging and/or
marking method and nortality, or tagging and/or marking nethod and replicate
| ocation. The McNary Dam underyearling chinook salnmon group best fit the nodel
stating: there was no association between tagging and/or marking nethod and
nortality, or replicate location and tagging and/or marking method, but there
was an association between replicate location and nortality. However, all tests
indicated that the PIT tag itself does not adversely influence survival.

No expl anation can be offered for the association between replicate
location and nortality for the MNary Dam underyearling chinook sal non test,
since the replicates were randomy distributed. In general, the results
(Tabl e 17) obtained using underyearling chinook sal nbn at McNary Dam were
simlar to that obtained in 1985 by Prentice et al. (1986). The lower nortality
for each treatnment group in the 1985 study is attributed to the different
environmental conditions and the condition of the fish at the tine of testing.

The daily nortality was sinilar between treatment groups within a test at a
specific location (Figs. 23, 24, 25, 26, and 27). The fish at Lower Ganite Dam
showed higher overall survival than those at MNary Dam The nortality at Lower
Ganite Dam occurred prinarily during the last days of holding. This nortality
pattern is in contrast to that at MNary Dam where a general increase in
mortality began on about the third day of holding in all treatment groups. We
believe the condition of the fish at the time of tagging and marking was the
primary reason for the difference in nortality patterns observed between the two
test locat ions. The fish wused in the tests conducted at Lower Ganite Dam

appeared in better overall condition than those used at MNary Dam



Table 17.--Summary of survival data (five replicates conbined)
conparing PIT-tagged fish and traditionally narked
and or tagged fish after 14 days of holding.

Year Survival (%)@
cl ass/ CWI'+

Location  species Control PIT Branded COAT  branded
Lower Yearling o s o6 o6 o7 99
Ganite chi nook
Dam sal mon
Lower St eel head 100 9 9 100 99 9 7
Ganite
Dam
IVbNary Yearling 8 6 8 3 8 6 8 0 8 9
Dam chi nook

sal mon
McNar y Underyearling 64 6 s 5 9 6 6 6
Dam chi nook

sal mon
McNary® Underyearling - 87 o4 02 -
Dam chi nook

sal non
McNary St eel head 8 9 8 7 93 91 91
Dam

a PIT indicates PIT-tagged fish, Brand indicates freeze-branded
fish, CAl indicates coded-w re-tagged fish, CAM+brand indicates
coded-wire-tagged and freeze-branded fish, control indicates
fish that were handled but not narked.

b Test conducted in 1985 (Prentice et al. 1986).
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Most dead fish were necropsied. The fish exam ned showed descaling and
fungus infection in various locations but nostly in the caudal area. Nosigns
of disease or fungus in the vicinity of the wound made by the PIT tag injection
needle were seen on live or dead fish. Al PIT-tagged fish showed conplete
closure of the injection wound. Nitrogen supersaturated water caused the
nmortality of spring chinook salmon at Lower Granite Dam on the 14th day of
holding. On the 15th day of observation, nearly all fish were dead from the
wat er probl em

The hol ding of migrating juvenile salnon and steel head in river water at a
col lection dam for an extended period of tine is a stressful situation. It is
bel i eved, however, since no adverse effect of the PIT tag on survival was seen
under these conditions, that wunder nore favorable conditions of capture,
tagging, and holding, the PIT tag would not create any problems to mgrant

juvenile salmn or steel head.

Concl usi ons and Recommendat i ons

1. For nost mark, release, and recapture studies with mgrant salnonids the use
of the PIT tag can increase both quality and quantity of data collected.

2. The PIT tag systemwill give nore precise data than the present freeze brand
monitoring system

3. The PIT tag system provides the sane or higher recovery rates than
traditional marking nethods and requires over 90% |l ess fish for nmany
types of studies.

4, Wth PIT-tagged fish, all recovery information is passively obtained:
therefore, the PIT tag markedly reduces the overall handling stress

inherent in mark/recapture experinents.



10.

82

Juvenile nmigrant salnmon or steelhead tagged with the PIT tag are no nore
likely to suffer nortality than traditionally tagged and marked fish.

PIT tag nonitors installed at dans can be expected to provide tag detection
efficiencies of over 95%

The PIT tag can be read efficiently and accurately in juvenile sal non and
steel head that pass volitionally froma wet-separator and through a PIT
tag detection system

The gl ass-encapsul ated version of the PIT tag has the potential to be a
reliable tool for fisheries research.

W reconmend agai nst the use of a highly viscous conpound (e.g., petroleum
jelly) for holding the tag within the bore of the tagging needle
because of potential tag retention problens.

We reconmend that a mininumof two independent double | oop assenblies be
used for passive PIT tag detection. In addition, one controller,
exciter, and power supply should be available in a convenient |ocation

to serve as an enmergency replacenent unit in case of a conponent

failure.

SYSTEMS DEVELOPMENT

PIT Tag Injection Devices

[ ntroduction

PIT tags are presently injected into fish with a nodified hypodernic

syringe and needl e. Each injector is loaded by hand, requiring a tag to be

nmanual |y inserted into the needle. This procedure was satisfactory for small

nunbers of fish. However, as greater nunbers of fish are tagged? a nore

efficient nmeans of placing the tag in the needle is required.
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Met hods and Materials

A prototype injection system meeting the aforementioned requirenent was
designed (Fig. 28). The injector is nounted on a table, and a fish to be tagged
ispositioned on the tagging needle in an orientation simlar to that used for
the hand operated syringe tag injector (described in Appendix A). After
positioning the fish on the needle, a foot operated switch is depressed which
activates an air ram Attached to the air ram is a plunger that pushes a tag
through the needle and into the fish. After injecting the tag, the plunger
retracts allowing a new tag to drop into position for the next tagging cycle.
The tags are contained in a renovable clfp that allows the tags to be gravity
fed into the breech of the tagging machine. Each clip is preloaded with about
100 tags. The tagging system is designed to operate on AC power and bottled

conpressed air.

Results and Discussion

Refinenents to the system are being made as testing of the system
conti nues. Since the presentation of -the tagging needle to the fish is
different using the new system new tagging techniques are required and are
bei ng devel oped. Prelimnary tests show that tag retention and fish survival
were simlar to that obtained with the hand held tag injector. The tagging rate
using the new systemis nmore than double that of the old system(i.e., up to 400
fish/h). Additional design work is being conducted to sinplify loading the tag
clips--this is now a time consuning task. The manufacturer of the tag has
indicated they would be able to furnish tags preloaded in the clips once a final
design of the system is achieved and the clips are furnished to them for
loading. The new tagging system will be ready for field testingduring the 1987

field season.
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Removable
PIT tag clip
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/ Air-supply
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Figure 28. --Diagram of automatic PIT tag injector.
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Quality Control Monitor For Tagging

In 1986, an integrated systemfor PIT tagging fish, recording the tag code,
and automatically recording length and weight of tagged fish (Fig. 29) was
devel oped and tested under field conditions. This conmputer based system nmakes
it possible to electronically maintain records on large nunbers of individual
fish. The system consists of' several conponents which are conmercially
available.? A 150- by 150-nm rectangular table top PIT tag | oop detector (Mbde
800- 0102-00) is connected to a portable PIT tag detector (Mdel 800-0035-01).
These two conponents are used to interrogate, decode, 'and transmit the tag code
as a unique lo-digit hexadeci mal number (e.g., 7F7E204A68, etc.) to a conputer
and printer for storage, Bot h conponents are manufactured by Identification
Devices Inc.3 A sonic digitizing board (Mdel Gp-7)4 which uses triangulation
is used to automatically record the length of each fish to the nearest 3 Mm A
pl exi gl ass measuring board, constructed by NWS is used to house the digitizer
and to hold fish during the neasurenent procedure, An electronic bal ance (Mde
FY3000)° is used to automatically record the weight of each fish to the nearest
0. 5¢.

The conponents of the tagging station are connected through a Bay Technica

Associ at es mul t i port (Model 528)6 t o a Conpaq dual floppy conputer

2 Reference ot trade nanes does not inply endorsement by the National Marine
Fi sheries Service, NOAA

3 |dentification Devices Inc., 2545 Central Ave., Boul der, CO 80301.
4 Science Accessories Corporation, 970 Kings H ghway West, Southport,
Connecticut 06490

5 A & D Engineering, Inc., 1555 MCandless Drive. MIpitas, CA 95035

6 Bay Technical Associates, H ghway 603, PO Box 387,Bay Saint Louis, M ssissipp
39520.
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(Model 101709),7 and an Epson (Mbdel FX85) printer. 8  The nult iport is used to
direct the flow of information between the various components and the conputer.
The conputer controls the operation of each conponent and storage of
information. The printer provides hard copy of all data and acts as a secondary
data backup in the event of an electronic failure.

An inmportant part of the systemis the conputer programthat controls
information flow to and from the conputer and from the various conponents of the
system  The program developed by NVFS, is witten in Turbo Pascal andis
public domain.? The conputer files are in ASCII (text) format.

Prograns are available for either a single or double taging and
docunmentation station. The single station requires only a conputer to control
data flow however, the dual station requires additional conputer terminalsl® to
operate. In the dual station node, each termnal is used for programinitiation
and control of a single tagging and docunentation station. Either program
enables the PIT tag to be read and recorded, length and weight information to be
taken and documented, and comments about each animal to be recorded. These
prograns are menu driven and all ow custom configuration (e.g., length or weight
as optional or nandatory) which can be accessed at any tine during the program

operation. After all information on a fish has been obtained, the reading of

7 Conpaq Computer Corp., 20555 FM 49, Houston, Texas 77070.

8 Epson America, Inc., 2780 Lonita Blvd., Torrance, California 90505.

9 The programwas written by David Brastow of the Coastal Zone and Estuarine
Studies Division, Northwest and Al aska Fisheries Center, National Mrine
Fi sheries Service, National Cceanic and Atmospheric Administration, 2725
Mont | ake Boul evard East Seattle, Washington 98112.

10 Conputer terminal Mdel wy-50 nanufactured by Wse Technol ogy. san Jose,
California.
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the next tag code causes the information to be accepted and recorded by the
conputer and a hard copy of the information printed.

The procedure for using the system requires several steps. First a fish is
renoved from an anest het ic tank and injected with a PIT tag as described in
Appendix A Tag injection can be done with either a hand held injector or with
an automatic injector as described in Appendix A Wile holding the fish in
hand, the fish is passed through the tag detection I oop. The tag code appears
on the conputer screen, and an audible tone is enmtted by the data scanner (all
information displayed on the conputer screen is in an expanded format for ease
of reading). The operator then places the fish on the digitizing board. The
head of the fish is positioned against a stop which acts as a zero reference
poi nt . An electronic stylus is activated at the point where the measurenent is

to be taken. The length information in nmillimeters is displayed under the PIT

tag code onthe conmputer screen. In our studies, we measure the fork length of
the fish. The accuracy of the digitizer operated under field conditions is
+£3 mm At this point, the fish may be weighed on the electronic balance,
rel eased into a holding container, or diverted to rearing area. |If the fishis
wei ghed, the accuracy of the nmeasurenent is within +0.5g. The wei ght

information appears on the conputer screen under the tag code and |ength
i nformation. All information is automatically entered onto the conputer and a
printed hard copy is made when the next PIT-tagged fish is interrogated for its
tag code. Tagging and documentation rate using the above (single station)

systemis in excess of 400 fish/h.
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Hat chery Rel ease Monitors

I ntroduction

Mrtality and tag | oss may occur between the tine fish are tagged and
rel eased. Therefore, it is inportant to know the actual identification of each
fish at the time of release so that tags that are no longer a part of the study

can be elimnated from the data base.

Met hods and Materials

Prentice et al. (1986) described a hatchery raceway release nonitoring
systemthat was tested at Dworshak National Fish Hatchery (DNFH on 2 April and
7 May 1986. The nonitor consisted of four pipes (neasuring 10.2 cmin dianmeter
by 61.0 cmlong), each equipped with two PIT tag nonitoring |oops connected to
tag rmonitoring equipnent (Fig. 18). All of the nonitors were connected to a
conputer and printer. The monitoring systemwas fitted to the exit of the
raceway in a manner that forced all fish, tagged and non-tagged, through the
monitor system As PIT-tagged fish passed through a nonitor, the tag nunber was
recorded automatically on a conputer file and printed. After the fish were
rel eased, the release file was conpared to the file created at the tine of
tagging Mnnus any already accounted for nortalities and tag | osses. The

conpari son was done using R-base 5000 Mcrosoft program

Results and Discussion
Each of the two raceways in which the nonitoring system was tested
contained about 40,000 fish. It required about 2 h to nonitor all of the fish

in a raceway. Two problens were encountered during the evaluation of the

monitoring system
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The first problem occurred during the first test (with spring chinook
salnon) on 2 April 1986 at DNFH. The monitoring system was unable to process
and record tags at a rate equal to the fish passage rate. The system would
overload and stop reading tags for 3 min while it processed the tags in nenory.
After this period, the system would automatically start reading tags again until
it again became overloaded. This problem was corrected with a software change
by the equipment manufacturer--the new software was subsequently installed in
all PIT tag monitoring systens. The problem was not observed during the second
test (with steel head) conducted on 7 May 1986 at DNFH using the new software.

The second problem which occurred during both tests at DNFH, was that as
fish were being released, the mjority wused only one or two of the four
monitoring tubes available for exiting the raceway. In the future, steps nust
be taken to ensure uniform fish passage through the tag nonitor systemto
increase reading efficiency and the rate fish exit the raceway.

Addi tional devel opmental work is planned to overconme problems with the
present release nonitor system before it can be used in production situations.
New systems w |l be designed to nonitor fish being |oaded into transport trucks
from hatchery ponds and raceways. These systens will be designed to be self-
supporting by having their own power supply. The fish will enter the monitor
system by fish punps or gravity. I nitial evaluations of these systens are

expected in 1987.

Design and Placenent of Future Mnitoring Systens

In 1986, PIT tag nmonitoring systens designed to interrogate outmgrating
juvenile salnonids were installed at Lower Granite Dam In addition, the PIT
tag interrogation system installed at MNary Damin 1985 was redesigned and

tested. The results of nechanical and biological testing conducted at both
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| ocations showed the systems to be reliable, accurate, and efficient. Based
upon this information, we suggest that a juvenile nonitoring systembe installed
at Little Goose Dam (Fig. 30) and adult nmonitoring systens be installed at Lower
Ganite Dam (Fig. 31). These additional systens are inportant if the PIT tag is
to be wused as an effective tool in answering the many questions pertaining to

juvenile and adult salmonid fish passage through the Col unbia River system

Concl usi ons and Recomendati ons

1. The prototype automatic PIT tag injector systemis satisfactory. However,
addi tional design work (i.e., preloaded clips, etc.) is needed before
this system can be used in production situations.

2. The integrated system for PIT tagging fish, recording the tag code, and
automatically recording length and weight of tagged fish makes it
possible to electronically mintain records on large nunbers of
i ndi vidual fish.

3. The conputer progranms devel oped allow the operation of single or dual
tagging and recording stations.

4. Additional development work is needed on hatchery release nonitors before
they are used in production situations.

5. W recomend that a release monitoring system be developed for use with fish
punps.

6. werecommend that a juvenile PIT tag nmonitoring systembe installed at
Little Goose Damand an adult nonitoring systembe installed at Lower

G anite Dam
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Figure 30. --Detection system design for Little Goose Dam juvenile
PIT tag monitors, 1986.
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Figure 31.--Detection system design for Lower Ganite Dam adult PIT
tag monitors, 1986.
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PIT Tagging Techni que
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Laboratory tests (using sham tags) were conducted during 1984 to develop tag
procedures and determine the nost acceptable anatonmical area for tag placement
The body cavity was selected as the best area from both a biological and social
standpoint (Prentice et al. 1985). Research during 1985 confirnmed the selection
of the body cavity as an acceptable site to inmplant the PIT tag and tagging
technique was refined (Prentice et al. 1986). In 1986, the following fish
handling and PIT tagging guidelines were devel oped (all studies in the present
report generally follow these established procedures): the fish should be in
good health with no signs of a disease outbreak; feeding should be stopped
2 days prior to tagging; all fish should be anesthetized for tagging; and after
tagging, fish should be placed on maintenance ration for 3 days so that the gut
does not expand and possibly dislodge the tag.

At tagging, the needle insertion for fish less than 200 grams is posterior
of the pectoral fins and just off-set fromthe md-ventral line. On larger fish
the insertion location is anterior of the pelvic girdle and adjacent to the
md-ventral line. The bevel of the needle should be face up with the syringe at
an angle between 20 and 45 degrees (to reduce sliding on the scales) depending
on fish size (less angle for smaller fish). The needle pressure exerted should
be held to a mininum allow ng just enough pressure to penetrate the body wall.
Once the needle passes through the musculature, the syringe angle is decreased
so the barrel of the needle parallels the body wall. The needle is then
inserted to place the tag posterior to the pyloric caeca in the proximty of the
pelvic girdle.

An antibiotic/petroleum jelly conmpound was init ially wused to help hold the
tag within the bore of the tagging needle. However! the adhesiveness of this
conpound caused the tag to remain on the tip of the needle and not be inserted

properly.  The tagging technique was nodified by elimnating the conpound and/ or
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replacing it with ethanol. Presently, the tags and needles are disinfected
usi ng 60-90% ethanol, wth a mninum of 3-min exposure. In addition, all
taggi ng equi pnent is disinfected periodically during the day and when noved from
site to site.

After tagging, tag presence and code identity (individual ten digit
al pha-nuneric code) are obtained using a detector/decoding system The system
can be a portable (battery powered) hand held unit or a conputer interfaced
detection system Conputer interfaced detection stations are normally used and
allow automated entry of tag code, length, weight, and other comments. These
data files are assigned to the individual tag code as discrete units of

i nformat i on.
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APPENDIX B

Hi stol ogical Effects of the PIT Tag
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The insertion of a foreign body (e.g., internal or external tag) into a
fish is a trauma which has the potential to initiate adverse host reaction
[e.g., inflammation, nelanomacrophage aggregation, encapsul ation (adhesion)
and/or rejection]. Information concerning the histological effects of different
types of fish tags is not readily available. However, the effects of external
(streamer type) tags have been docunented and in npst cases the tagging wound
appears to heal normally in juvenile fish (Roberts et al. 1973a). Even so, it
has been shown that streamer tags may initiate chronic |esions which can persist
to adulthood (Roberts et al. 1973b).

The present study was initiated to exanmine host response after tagging
juvenile salmnids with PIT tags. The PIT-tagged popul ations were observed
through tinme, and wound healing was enpirically quantified. In addition, serial
sanples were exanmined to document (histologically) the effects to the tissue
fromthe taggi ng wound.

Prelimnary (unpublished) histological observations on fish tagged with the
pol ypropyl ene version of the PIT tag indicated that the tag did not initiate a
severe host response. However, nelanonmacrophage aggregations in the peritoneal
cavity and occasional tissue adhesions to the tag were observed, indicating that
the fish recognized the tag as a foreign body. In addition, observations of
wound healing with the polypropylene version of the PIT tag indicated that for
smal ler fish (3-59) up to 15% of the popul ation might require over 1 nonth to
conpletely heal (Prentice et al. 1986).

In 1986, the PIT tag was encapsulated in glass and tested in fish.
H stological response and wound healing evaluations were conducted for this
version of the PIT tag. A test group of fall chinook salnon (3.7 g average
weight) was established at Big Beef Creek on 14 April 1986. The 161 fish were

PIT tagged and held in 1.2-m dianeter tanks supplied with constant tenperature
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(lOoC)—well wat er . PIT tagging procedures followed the nmethods described in
Appendi x A

During 1986, 30 PIT-tagged (glass encapsul ated) fish were exam ned
histologically by the pathology |aboratory at the NWS, Marine Experinenta
Station near Manchester, Washington. Fish were randomy subsanpled and renoved
from the population at Days 22, 30, and 45 post tagging (Fig. B). Tissues from
10 fish at each sanpling date were enbedded in paraffin, sectioned at 6 nicrons
and stained with hematoxylin and eosin for histological evaluation.

On Day 22 after tagging, the injection site for all fish exam ned consisted
of granul ation tissue (fibroblast) which had replaced the dernms and underlying
muscl e tissue damaged during injection of the tag (Figs. B2 and B3). Peritonea
and epidermal tissue were regenerated by this time indicating that normal and
timely healing had occurred. At 30 and 45 d after tagging, the injection site
was difficult to locate histologically (probably due to regeneration and
contraction of tissue at the injection site) indicating that for all fish
exam ned conplete healing had occurred.

No host reaction to the tag was observed for any of the fish exanm ned at
either Days 22, 30, or 45. Neither nelanomachrophage accunulations nor tissue
adhesi ons were noted, suggesting that the fish did not recognize the tag as a
foreign body. The glass-encapsulated tag appears to be functionally
biologically inert.

PIT tag wound condition was enpirically evaluated for the remaining 10
groups of fish between Days 14 and 45 post tagging (Fig. Bl). Al fish exanned
(n=120) showed the tag wound to be conpletely healed (Table Bl). Even as early
as Day 14 post tagging, there was |little evidence of scar tissue, and by Day 30,
the epidermal pignentation appeared normal in coloration. This supports the

histol ogi cal evidence and indicates a lack of continuing trauma from the tagging
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SAMPLING PLAN -1986

Tag location and injection site condition

Sampling days

I I I [ I
14 15 16 17 2P 28 28 3'0 I
36 39
45
Histological sampling days
[ |
22 30 1
45

Appendi x Figure B1.--Sanpling schedule for histological and would healing

evaluation for PIT-tagged fall chinook salmon, 1986
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Appendi x Figure B2. --Conpletely healed injection site at 21 days post tagging.
Epiderm s--E, fibrocytic infiltration--F, and peritoneum-
P.



108

Epiderm s--E, fibrocytic
infiltration--F, and peritoneum-P.

Appendi x Fi gure B3.--Normal integument.
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Appendi x Tabl e B1.--Summary of wound condit'on after tagging and tag location within
the body cavity of juvenile fall chinook sal mon over tmewith a
description of wound condition and tag |ocation.

a \Vi \Vi

Code 14 15 16 22 23 28 30 36 39 45
Wund 2

A 0 0 0 0 0 0 0 0 0 0

B 0 0 0 0 0 0 0 0 0 0

C 100 100 100 100 100 100 100 100 100 100
Tag | ocation b

A 0 0 0 e 0 0 % 0 0 e

B 91.7 100 100 --- 100 92.8 -_— 100 100 _—

C 8.3 0 0 --- 0 7.2 --- 0 0

D 0 0 0 0 0 0 0

E 0 0 0 0 0 — 0 0

F 0 0 0 0 0 0 0

9, = Fish preserved for histol ogical exam nation.

a A
B

An open wound.

A wound that is closed by a thin menbrane and is healing-- at tmesa slight red
or pinkish coloration is noticeable in the area of the wound.

C = A wound conpletely healed and may or may not be noticeable due to presence of a
scar. There is no red or pink coloration in the area of the wound.

b A = Tag located between the pyloric caeca and md-gut.

B = Tag located near abdonminal nusculature and often embedded in the posterior area
of pyloric caeca near the spleen or in the adipose tissue at the posterior area
of the pyloric caeca.

C=Tag found in an area other than those noted-- generally between the md-gut and
air bladder or between the liver and pyloric caeca.

D = notag present.

E = Tag partially protruding through abdom nal wall.
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wound. It appears that the present tagging procedures should allow conplete
healing within 2 weeks post tagging.
Tag placenent within the body cavity was consistent for all sanmple groups

Tag retention was 100% during this study, and the mpjority of the tags (98.8%
overall) were observed near the abdom nal musculature in the posterior area of
the pyloric caeca near the spleen. The remaining 1-2% of the tags were
general ly located between the md-gut and the pyloric caeca (Table Bl). All
tags were found to be “free floating” with no tissue adhesion noted. Since tag
| ocati on was consistent between sanpling periods, there appears to be no
potential migration of the tag within the body cavity. The tag location results
noted during this study are consistent wth those obtained in earlier studies
(Prentice et al. 1985~ 1986) and indicate that a uniform repeatable tagging

techni que has been devel oped.
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APPENDI X C

Budget Information
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A summay of expenditures

Personnel Services and Beniffts $176.5K
Travel and Transportation of Persons 11.8K
Transportation of Things 7.2K
Rents, Communications, & Uilities 7-.6K
Printing and Reproduction 0.3k
Contract and Other Services 3.3k
Supplies and Materials 208.4K
Equi prent 29.7K
Gants 0
Support Cost (Including DOC ovhd.) _27.4K
TOTAL $522.2K

B. Mjor itens purchased

1. PIT tag nonitoring system for juvenile migrants at Little Goose Dam -
Contract 50ABNF600048- Amendnent | .

2. Design and engineering for revisions and upgrading of PIT tag monitoring
equi prent at three dans--Contract 50ABNF600048- Anendnent | 1.

3. PIT tag nonitoring system for adult migrants at Lower Ganite Dam -
Contract 50ABNF600048- Amendment 111.

The following sensitive items were purchased:

1. Three conpaq portable computers with dual floppy drives, a 20Ms hard
drive, 640K nenory, math coprocessor, and built-in nodens.

2. (One conpaq portable computer with dual floppy drive, nmath coprocessor,
640K nenory, and built-in nmodem



