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EXECUTIVE SUMMARY

A multiyear program to evaluate the technical and biological
feasibility of a new identification system for salmonids was
established between the Bonneville Power Administration (BPA) and the
National Marine Fisheries Service (NMFS) in 1983. This identification
system is based upon a miniaturized passive-integrated-transponder
(PIT) tag. This report discusses the work completed from 1990 through
1993.

Interrogation systems energize PIT tags and process their
identification codes into a usable form. Separation systems use
slide-gate assemblies to separate PIT-tagged juvenile salmon from
untagged fish. At the center of both interrogation and separation
systems are dual-coil PIT-tag monitors. These monitors and
generalized PIT-tag interrogation and separation systems are described
in this report.

From 1990 to 1993, there was a continuing effort to expand and
improve PIT-tag facilities at Columbia River Basin dams. Specific
activities were tailored to unique situations at each dam. For
example, at Lower Granite Dam, modifications to the separation system
were performed. At Little Goose Dam, the new juvenile fish collection
facility was finished by the U.S. Army Corps of Engineers (COE) in
1990, and updated PIT-tag interrogation and separation systems were
installed in 1993. At Lower Monumental Dam, construction of a new
juvenile fish collection facility, which will include PIT-tag
interrogation and separation systems, was started by COE in 1992.
Permanent PIT-tag interrogation and separation systems are scheduled
to be operational by spring 1994. At McNary Dam, Pacific States

Marine Fisheries Commission (PSMFC) will install a new juvenile fish
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collection facility, which will include PIT-tag interrogation and
separation systems. Construction on this facility started in 1993 and
is scheduled to be completed in 1994. At Bonneville Dam, concept
drawings for new sampling and fish interrogation facilities were
completed in 1991. BPA and COE are presently working on construction
plans, project scheduling, and funding for these new facilities.

Periodically, interrogation systems for juvenile and adult salmon
are evaluated directly by the release of a known number of PIT-tagged
fish. Tag-reading efficiencies are determined by the percentage of
these fish read by PIT-tag monitors. The interrogation systems for
juvenile salmon at Little Goose Dam and adult salmon at Lower Granite
Dam were evaluated in 1990 and 1991. An acceptable reading efficiency
of > 95% was established for monitors at dams within the Columbia
River Basin. Tests using juvenile chinook salmon (Oncorhynchus
tshawytscha) and steelhead (0. mykiss) yielded reading efficiencies of
96.9 and 94.7%, respectively, while tests using tagged adult steelhead
yielded a reading efficiency of 100%.

From 1990 to 1993, an effort to improve and expand the capability
of PIT-tag equipment was undertaken. 1In 1989, NMFS began to develop a
new class of PIT-tag monitors that could interrogate volitionally
swimming juvenile fish. During 1990 and 1991, three more studies were
conducted to further develop these PIT-tag monitors. In the first,
the responses of chinook salmon and steelhead to four test passageways
(an open channel, transparent tube, and inactive and active PIT-tag
monitors) were examined. These tests suggested that reduced light
within the inactive or active PIT-tag monitor was the determining
factor in altering fish passage behavior and not the electromagnetic

field (EMF) or hydraulic flow through the tube. As a result, we
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recommended that monitors be designed to enable ambient light or
artificial illumination to enter the passageways.

Based upon the results showing the importance of light in
passageways to juvenile fish passage, a second study was conducted
with juvenile chinook salmon to determine if the light spectrum was
important. The study compared passage through an open channel
(natural lighting) and a covered channel that was artificially
illuminated with two types of daylight fluorescent lights. Overall
passage percentages through the test channel were similar for the
three groups, and we concluded that the light spectrum used in the
fish passageway does not appear to be critical.

In the third study, an instream juvenile PIT-tag monitor with an
artificially illuminated channel was evaluated with two proportions
(20 and 100%) of PIT-tagged smolts to determine if reading efficiency
of the monitor was affected by the different tag densities. When
multiple erroneous tag codes were produced by this instream monitor,
we designed and tested a double-read software program for the firmware
used in the monitors.

The ability of the instream monitor to read tags varied with both
tag density and firmware. Reading efficiency of the monitor was
reduced by the tendency of the juvenile chinook salmon to swim in
groups and to make multiple trips through the instream monitor.
Changing from single-read to double-read firmware solved the multiple
trip problem. The instream monitor was able to read tags more
efficiently when there was a lower proportion of PIT-tagged fish,
because a monitor cannot read tag codes when two or more PIT-tagged
fish swim through a coil simultaneously. However, since passing fish

rarely swim in synchronous formation for more than a few milliseconds
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(msec), having a second monitor would eliminate much of the error
introduced by higher proportions of tagged fish. Therefore, we
recommended a minimum of three coils be installed into instream
monitors to improve reading efficiency.

The next two studies were directed at developing technology to
improve the performance of the interrogation and separation systems at
the Columbia River Basin dams. Presently at the dams, PIT-tagged fish
are separated from non-PIT-tagged fish by a slide gate that is
triggered to open when any PIT tag is read. 1In this first study, a
prototype computer program that separated tagged fish based on their
specific PIT-tag codes was developed and evaluated with both tagged
wooden sticks and juvenile salmon. A testing apparatus that simulated
part of a juvenile fish bypass/collection facility, including a
separation system, was constructed at the NMFS Manchester Marine
Experimental Station. Initially, the separation system was set up
with the standard components used at the dams (single-read firmware
and nonadjustable slide gate). With this standard setup, the computer
program was tested by separating specific tag codes that represented
three tag-code densities (20, 50, and 80%) within the population.
Then, two modifications of the separation system (an adjustable slide
gate and double-read firmware) were also evaluated.

The separation-by-code computer program performed well, proving
that it was possible to separate individually tagged wooden sticks and
fish based on their specific PIT-tag codes. For the stick trials,
reading efficiencies and gate efficiencies were > 95% for the three
setups at each of the three tag-code densities. The adjustable slide
gate had a tendency to open up more than its assigned distance if a

second tag triggered it before it had completely closed. This
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resulted in a significantly lower overall gate efficiency for the
adjustable slide gate (X = 98.4%) than for the nonadjustable slide
gate (X = 99.4%). There was no significant difference in performance
between single-read and double-read firmware reading tagged sticks at
water velocities of 3 m/sec. Before installing the double-read
firmware in PIT-tag monitors throughout the Columbia River Basin, we
recommended that additional tests be conducted with fish and at water
velocities of 4 m/sec.

In contrast to stick trials, the average reading efficiency for
fish trials was below the 95% acceptable rate. Reading efficiencies
ranged from 78 to 100% for fish trials and averaged 92.3%. Gate
efficiencies were low, ranging from 63 to 92%, because fish,
especially the larger ones, were observed swimming in the lower flume
between the monitor and slide gate. To reduce these problems, we
recommended 1) increasing the number of monitor coils from two to four
and 2) decreasing the distance from the last monitor coil to the slide
gate.

Knowing the operational status of each coil within a PIT-tag
interrogation system is important from a system reliability and
information standpoint. Fixed-reference tags were developed to
provide this information on an hourly basis. Each fixed-reference tag
operates independently and transmits a unique tag code, which is
recorded in the permanent computer file. Thus, there is a record if a
problem were to occur. Fixed-reference tags were tested successfully
in 1993, and they will be installed into all Columbia River Basin
interrogation systems during the 1994 field season.

To estimate the impact of PIT tagging on the post-release

survival of fish, four studies were conducted. The first study
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investigated whether marking trauma or mark conspicuousness increased
predation on age-0 steelhead by age-2 steelhead in clear water.
Results showed significantly more marked (19.4 to 21.3%) than unmarked
(10.4%) age-0 fish were eaten by age-2 steelhead predators (P = 0.01).
Although steelhead use visual and not olfactory cues for locating and
attacking prey, fish with internal and external marks were preyed on
at similar rates. The results suggested that a primary mechanism
affecting post-release survival of marked fish may be increased
vulnerability to predation due to changes in prey behavior.

Based upon these results, a second study was conducted using
steelhead predators in tinted water and an alternative predator,
northern squawfish (Ptychocheilus oregonesis), in clear water. 1In
contrast to the first study, there was no significant difference
between percentages of marked (16.4 to 20.8%) and unmarked (18.8%)
age-0 steelhead eaten by age-2 steelhead predators in tinted water.
This substantiated that steelhead rely upon visual and not olfactory
cues as predators. The squawfish were relatively inactive at 10°C,
the water temperature at which the study was conducted, and
consequently, consumed few steelhead. Overall predation rates were
1.0-3.5% for one and 6.3-12.5% for six squawfish. Unlike the
steelhead predators in clear water, there was no significant
difference among percentages of marked and unmarked age-0 steelhead
eaten.

A third study evaluated whether tagged juvenile coho salmon
(Oncorhynchus kisutch) had lower overwinter survival in a natural
stream habitat than untagged fish. Three tag types were used:

PIT tags, coded-wire (CW) tags, and visual-implant-fluorescent (VIF)

tags. Juvenile coho salmon were randomly assigned to five treatments
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(untagged, PIT-tagged, CW-tagged, CW+VIF-tagged, and CW+PIT-tagged)
and released at one lake and two stream sites. Two smolt traps were
installed downstream from the release sites. When the fish were
tagged, average fork lengths were not significantly different among
the five treatments; however, the group of fish released into the lake
was significantly shorter than those released into the upper and lower
stream sites. Approximately 15% of the stream-released fish were
captured at the lower smolt trap within 2 weeks of release. These
fish were probably seeking permanent homes farther downstream. Since
they did not overwinter in the stream, these fish were not included in
the overwinter study.

After overwintering, smolts were trapped during their
outmigration. Average migration times for the five treatments ranged
from 113.1-116.7 calendar days and were not significantly different
from each other. The untagged group had the highest smolt recovery
rate (13.6%), but it was not significantly higher than rates for
tagged groups (11.0-12.6%). Significantly more tagged fish were
recovered from the lake release site (n = 142) than from either the
upstream (n = 91) or downstream (n = 82) release sites. Mean fork
lengths of the recovered fish were not significantly different among
the five treatment groups. Although fish released into the lake had
been significantly shorter, after overwintering, significantly shorter
fish were recovered from the lower-stream release site (X = 117.6 mm)
than from the lake (X = 150.8 mm) or upper-stream (X = 148.4 mm)
sites. 1In July, electrofishing both the stream and lake captured only
29 resident coho salmon. It was concluded that the PIT tag affects in
situ survival no more than the CW tag and that any tagging will

generally decrease post-release survival of juvenile salmon.
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The fourth study addressing the potential impact of PIT tags on
fish compared hatchery return rates, tag retention, and growth between
PIT-tagged, CW-tagged, and CW+PIT-tagged adult coho salmon. A total
of 38,633 juvenile coho salmon were tagged over 2 years and released
from Skagit Hatchery, Washington. At the time of tagging, length
measurements were made electronically on half of the tagged fish.

Fish returning to the hatchery were interrogated for PIT and CW tags,
and fork lengths of all tagged fish were measured. Results indicated
no difference in hatchery return rates or adult fork lengths between

measured and unmeasured tagged fish.

Tag retention prior to release ranged from 99-100% for all
groups. In the CW+PIT-tagged spawning adults, CW-tag retention was
98.4%, and PIT-tag retention was 68%. There was a significant
difference in loss of PIT tags between males (11.3%) and females
(47.9%). Direct evidence showed that PIT-tag losses occurred
primarily during late maturation while the fish were entering the
hatchery or holding at the hatchery prior to spawning. Hatchery
return rates were not significantly different between PIT- and CW-
tagged fish after adjusting all data for tag loss. Returning PIT-
tagged fish were significantly shorter (2.0 cm difference) than their
CW-tagged counterparts.

During the preceding study, some of the return data was confirmed
with a prototype picket V-lead interrogation system for adult salmon,
which was installed at the entrance to the hatchery's holding pond.
This interrogation system combined three single-coil PIT-tag monitors,
each of which had a picket V-lead attached to its passageway entrance.
To improve the design of this adult interrogation system, its

components (e.g., picket V-leads and supplemental lighting) were
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evaluated independently. These evaluations indicated that volitional
passage of chinook and coho salmon was significantly reduced when the
flume passage width was reduced from 91 cm to 15 cm using triple
picket V-leads or a combination of picket V-leads and PIT-tag
monitors. The evaluations also indicated that neither the passageway
length nor the 400-kHz EMF within the monitors affected fish passage.
In addition, more fish swam through an artificially illuminated,
covered test flume than through an unlit, covered flume.
Consequently, we recommended that covered passageways for adults be
equipped with lights similar to those used for juveniles.

Due to concern about the strong EMFs generated within PIT-tag
monitors, a study was conducted to measure the time adult salmon were
exposed to the 400-kHz EMF in the prototype picket V-lead
interrogation system. Returning coho salmon were timed as they
volitionally entered and exited the interrogation system. In 1989,
average exposure time was 2.3 minutes, while for two tests conducted
in 1990, average exposure time averaged over 15 minutes, with
approximately 8% of the fish being exposed for longer than 55 minutes.
One fish was exposed for 13 hours.

Results showing EMF exposures to fish of over 55 minutes raised
the concern of NMFS biologists that the prolonged exposures might have
negative biological ramifications. Such a finding would preclude the
installation of interrogation systems for volitionally swimming adult
salmon. Therefore, two studies were conducted to determine if fish or
their offspring are affected by EMFs. 1In the first study, medaka
(Oryzias latipes) were exposed to EMFs during active breeding. Groups
of medaka were assigned to one of the following five treatments: no

EMF; a 400-kHz EMF for 14, 140, or 1,400 minutes; or a 125-kHz EMF for
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1,400 minutes. The exposed adults and their offspring were monitored
in terms of reproductive effort, survival, growth, and gross
deformities among the hatched larvae. Although there was large
variation within each treatment in terms of total egg production,
overall there were no significant differences among the five
treatments in either the mean number of eggs collected or the
percentage of eggs fertilized.

Results indicated that the larval incubation period was the time
of highest mortality for the offspring of EMF-exposed adults. Average
larval mortality for the control group was 20.1%, but ranged from
27.3 to 33.7% for the EMF-exposed groups. In addition, the control
group had fewer deformed hatched larvae (3.0%) than the EMF-exposed
groups (5.0-11.5%). Data from second-generation fish indicated no
significant differences in mean egg production, fertilization, larval
mortality, or percent deformities. These results suggested that EMF
exposure may affect the survival and performance of the first-
generation offspring of EMF-exposed fish. The testing procedure is
being modified to concentrate on evaluating first-generation offspring
performance through the transition to exogenous feeding.

We conducted a second study to investigate EMF effects on exposed
chum salmon (Oncorhynchus keta) zygotes. Fertilized eggs from 24
families were exposed to either no EMF, 125-kHz EMF, or a 400-kHz EMF
for 24 hours. No significant differences were found in the number of
survivors, average fork lengths, or percent deformities among the
three treatments; however, there were significant differences among
the 24 families. This pattern suggested the responses were not due to
EMF exposure, but were genetically based. 1In addition to the

survival, length, and deformity comparisons, we measured both pectoral
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fins and eye orbits in eight families and analyzed each for
morphometric asymmetry. No significant differences in asymmetry
measurements were seen among the three treatments. |

The chum salmon findings may have been more conclusive had the
fish been maintained until they were actively eating because the
transition to exogenous feeding is a critical period for survival.
However, based on results from the medaka and chum salmon EMF-exposure
studies, neither of which indicated significant differences between
EMF-exposed and nonexposed groups, development of an extended-range
interrogation system for adult salmon can proceed. To reduce
potential negative effects from EMF exposure, we recommended designing
future adult systems to limit EMF-exposure time.

Evaluations of the prototype picket V-lead interrogation system
indicated that more adult salmon swam through the 91-cm barren flume
(cross-sectional area = 5,551 cm?) than the narrow, 15-cm flume (cross-
sectional area = 915 cm?) with monitors and picket V-leads in place.
However, in 1991, the electronics limited the reading range of
monitors to passageway openings that were < 1200 cm?. Therefore, an
effort was made to expand the reading range of PIT-tag monitors. An
extended-range PIT-tag monitor was designed with a single coil wrapped
around a large passageway (cross-sectional area = 5,551 cm?). An
extended-range interrogation system, which combined three extended-
range monitors, was developed and electronically tested by Destron-
Identification Devices Inc.. This system design failed electronically
because of interference between the currents induced in the coils and
poor signal-to-noise ratios, which prevented PIT tags from being read.

An extended-range monitor was also biologically evaluated using

adult coho salmon. No attempt was made to read PIT tags with the
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monitor during this phase of testing. Results showed that passage
ratios through the extended-range monitor were not significantly
different whether a 400-kHz EMF was present or absent, or whether the
passageway was directly or indirectly illuminated. The large opening
probably allowed enough ambient light to enter the passageway so that
the need for supplemental lighting was significantly reduced. Data
also showed that radio-frequency (RF) emissions from the PIT-tag
monitor exceeded Federal Communications Commission (FCC) acceptable
levels for low power RF equipment. In light of these and other
findings, alternative approaches to designing an extended-range
monitor will be undertaken in 1994.

Once technology developed by NMFS is fully functional and
reliable, it is transferred to other governmental agencies or to the
private sector. Between 1990 and 1993, several aspects of the PIT-tag
program reached this level of development. The PIT-tag information
system (PTAGIS) processes, stores, and makes available tagging and
recovery information to all interested parties. The responsibility
for routine operation and maintenance of PIT-tag interrogation systems
in the Columbia River Basin was transferred to PSMFC in 1993. The
permanent PTAGIS database is now managed solely by PSMFC. Starting in
1994, PSMFC will take over the installation of new interrogation
systems. The NMFS staff continues to train and assist PSMFC as
needed.

To assist PSMFC and other users, an operation and maintenance
manual was written to cover all aspects of the PIT-tag system used
within the Columbia River Basin. The manual is presently available

from PSMFC and will be updated periodically.



INTRODUCTION

In 1983, the National Marine Fisheries Service (NMFS) began a
multiyear cooperative research program with the Bonneville Power
Administration (BPA) to evaluate a new miniaturized identification
system that could be used with salmonids. The system is referred to
as the passive-integrated-transponder (PIT) tagging and interrogation
system. The program has focused on determining the effects of PIT
tags on juvenile and adult salmonids, as well as the development and
evaluation of tagging and interrogation methods. Earlier results of
the program have been reported in annual reports and journal articles
cited in this report.

This report covers the work performed from 1990 through 1993.
For convenience, the report is divided into three sections:

1) Interrogation and separation systems at Columbia River Basin dams;
2) Systems development and evaluation; and 3) Information and

technology transfer.
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INTERROGATION AND SEPARATION SYSTEMS
AT COLUMBIA RIVER DAMS

Juvenile salmon are presently being marked with PIT tags in the
Columbia River Basin. At select dams within the basin, both tagged
and untagged salmon traverse juvenile bypass/collection facilities
that include PIT-tag monitors of various dimensions. Cross-sectional
areas of the passageway openings of these monitors range from 80 to
740 cm?: these dimensions are critical for determining both
electromagnetic field (EMF) strength within a monitor and fish
response to a PIT-tag monitor passageway. As smolts pass through a
monitor, they are subjected to the 400-kHz EMF that energizes the PIT
tag. After being energized, the tag transmits its identification
code, which is received and processed by other components of an
interrogation system (Prentice et al. 1990a). Some juvenile
collection facilities also include separation systems that sort
PIT-tagged fish from non-PIT-tagged fish by triggering a slide gate to
open each time a PIT tag is detected.

At the center of both interrogation and separation systems for
juvenile salmonids are dual-coil PIT-tag monitors (Fig. 1). All
dual-coil PIT-tag monitors are assembled with the following
components: 1) an aluminum shield to control errant radio-frequency
(RF) emissions and to provide weather protection for electronic
components, 2) two excitation/detection coils wrapped around a
non-metallic fish passageway, 3) a tuner for each coil within the
shield box, 4) a dual power supply, 5) a water-cooled dual exciter,

6) a power filter, and 7) a controller housing the reader firmware and

supporting electronics (Prentice et al. 1990a). It is possible to
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insert different firmware chips, which determine how the tag codes are
read or processed, into the controller. Single-read firmware chips
(i.e., software that processes the first complete alphanumeric code
received from a tag) are presently used in PIT-tag monitors at the
dams .

Each interrogation system is designed with redundant components
to provide backup in case of failure (Fig. 1). For example, each
dual-coil monitor has its own power supply via a dual exciter. The
exciters are connected to separate controllers and printers. Each
controller is on its own electrical circuit and is connected to two
computers through a multiport. The power source for the computers
also has a battery backup.

Electronic equipment required for the interrogation system (other
- than the coils, exciters, coil tuners, and power filters) is housed in
an instrument building. The building is equipped with heating and air
conditioning to provide a stable temperature for the equipment. Power
to the instrument building is supplied through a 15-kW power
conditioner.

When PIT-tagged fish are electronically interrogated, they can be
mechanically separated by slide gates that direct them either into
special holding areas or back into the river. This separation is
accomplished without handling the fish, and the time, date, and
location of individual fish are recorded as they pass through a
juvenile collection facility. If tagged juvenile fish are returned to
the river (e.g., below Lower Granite Dam), they can be subsequently
reinterrogated at downstream PIT-tag interrogation systems.

Presently, separation systems distinguish PIT-tagged from
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non-PIT-tagged fish based on the presence or absence of PIT tags.
When the PIT-tag monitor detects a tag, the controller activates a
trigger mechanism to open the slide gate and divert the tagged fish.
Although the exact configurations of the separation systems differ at
each dam because of unique site requirements, the general approach is
the same. Two parallel PIT-tag separation subsystems are located on
the two exit flumes downstream from the fish and debris separator. 1In
each subsystem, a slide-gate assembly is located downstream from
dual-coil PIT-tag monitors. During normal operation, when a
PIT-tagged fish is read at a coil, a slide gate opens to direct the
PIT-tagged fish into another flume that leads to a fish-holding tank.
While PIT—taggediand incidental untagged fish move to this holding
area, they are counted using a series of Smith-Root! electronic fish
counters and are reinterrogated for the presence of PIT tags by more
monitors. Separated fish can then be returned to the river or loaded
onto trucks or barges.

Each slide-gate assembly is controlled by custom-made electronics
(the trigger mechanism) that are activated by the controllers when a
PIT-tagged fish is detected. The trigger mechanism controls the rate
of opening and closing, and the amount of time the slide gate remains
open. The movement of the slide gate is controlled by a pneumatic
piston. The various timing functions of the slide gate are set
according to the velocity of water flowing through the flumes (2 to
4 m/sec). Electronic schematics and technical drawings of a slide-
gate assembly are available from NMFS (Northwest Fisheries Science

Center, 2725 Montlake Blvd. E., Seattle, WA 98112-2097).

! Reference to trade names does not imply endorsement by the

National Marine Fisheries Service, NOAA.
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Biological and mechanical evaluation of the separation system is

discussed in detail by Matthews et al. (1990 and 1992) and Achord et
al. (1992). Results from their tests showed that modifications made
over the years were effective in: 1) reducing injuries to fish,

2) increasing separation efficiency, and 3) increasing operational
reliability of the slide-gate assemblies. Slide gates were shown to
be more efficient at separating tagged from untagged fish when fewer
fish were present. For instance, the separation ratio (number of
untagged fish diverted per diverted PIT-tagged fish) varied from 0.7
to 2.5 as the number of fish passing through an exit flume increased

from < 5,000 to 15,000 fish per hour (Matthews et al. 1990).
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Modification or Installation of Interrogation
and Separation Systems

In the Columbia River Basin, modifications and installation of
PIT-tag interrogation and separation systems continued during
1990-1993. The projects varied in scope, complexity, and purpose. A

brief description of the projects at each dam follows.

Bonneville Dam

Bonneville Dam (Fig. 2) is located on the Columbia River
approximately 61 km east of Portland, Oregon. In 1989, numerous
shortcomings were identified with the juvenile fish collection and
handling facilities at both the Bonneville First and Second
Powerhouses (Prentice et al. 1993). 1In light of these shortcomings,
new sampling and fish interrogation facilities are being designed by
the U.S. Army Corps of Engineers (COE). The new facilities will be
multipurpose in design and will include PIT-tag interrogation and
separation systems. A contract was issued by COE to a private
engineering firm in 1989 to develop several concepts for construction
of these new facilities. 1In 1990, preliminary drawings and concepts
were presented to the fishery agencies for review. At that time, the
agencies provided additional guidelines to the contractor. In 1991,
the engineering firm submitted final concept drawings that addressed
the specific problems raised by the fishery agencies. Presently, BPA
and COE are working on construction drawings, project scheduling, and

funding.

McNary Dam
McNary Dam (Fig. 2) is located on the Columbia River near
Umatilla, Oregon. The COE and Pacific States Marine Fisheries

Commission (PSMFC) are working with NMFS to design, fabricate, and
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install PIT-tag interrogation and separation systems at the new
juvenile fish collection facility at McNary Dam (Fig. 3). The basic
facility, which includes slide gates, will be built by COE. The PSMFC
will install the PIT-tag interrogation system and the electronics for
the separation system. Personnel from NMFS will act as advisors to
PSMFC staff and will assist with installation of the new system. The

new facility is scheduled to be completed by spring 1994.

Lower Monumental Dam

Lower Monumental Dam (Fig. 2) is located on the Snake River
approximately 60 km upstream from Pasco, Washington. Construction of
a new juvenile fish collection facility, which will include PIT-tag
interrogation and separation systems, was started in 1992. The new
collection facility was scheduled to be completed in early 1993 by COE
(Fig. 4). However, the facility was not completed on time; therefore,
NMFS installed a temporary PIT-tag interrogation system in spring
1993. 1Installation of permanent PIT-tag interrogation and separation
systems is now scheduled to be completed prior to the 1994 field

season.

Little Goose Dam

Little Goose Dam (Fig. 2) is located on the Snake River
approximately 90 km downstream from Clarkston, Washington. A new
juvenile fish collection facility became functional at Little Goose
Dam in 1990. The electronic equipment required for the PIT-tag
interrogation system at the dam came primarily from the old juvenile
fish collection facility (Prentice et al. 1990a). Some additional
equipment was needed to meet the requirements of the new facility.

Several modifications have been made to this facility since it was
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constructed in 1990, including the addition of a PIT-tag separation

system in 1991 (Fig. 5).

Lower Granite Dam

Lower Granite Dam (Fig. 2} is located on the Snake River
approximately 54 km downstream from Clarkston, Washington. The
original separation system was installed at Lower Granite Dam in 1989
(Prentice et al. 1993). The system was modified in 1990, 1992, and
1993 to improve operating efficiency and reliability. At this dam,
the separation system is more complicated than the general system
described above because there are two slide-gate assemblies within
each separation subsystem (Fig. 6). The two slide-gate assemblies are
used not only to separate tagged and untagged fish, but also for
taking hourly subsamples used to estimate species composition, raceway
holding densities, and fish condition. To take subsamples, the top
slide gates are opened for a prescribed period of time. During this
time, all fish (tagged and untagged) are dropped into secondary flumes
beneath the exit flumes, where they are directed into fish subsample
holding tanks. During non-sampling times when PIT-tagged fish are
read, slide gates in these second flumes also open and the fish are

directed to a fish holding tank or back to the river.
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Summary, Conclusions, and Recommendations

Bonneville Dam

1.

Fishery agencies have identified shortcomings at the collection
and handling facilities for juvenile fish at Bonneville Dam. In
light of these shortcomings, new sampling and fish interrogation
facilities are being designed.

A COE contract was issued to an engineering firm in 1989 to
develop several concepts for construction of new sampling and
interrogation facilities at each of the two powerhouses. After
several reviews by fishery agencies, concept drawings were
completed in 1991.

Presently, BPA and COE are working on construction drawings,

project scheduling, and funding for these new facilities.

McNary Dam

1.

A juvenile fish collection facility, which will include PIT-tag
interrogation and separation systems, is being built at McNary
Dam. The facility is scheduled for completion in spring 1994.
The lead agency for the installation of the PIT-tag equipment at

the dam will be PSMFC.

Lower Monumental Dam

1.

A new juvenile fish collection facility, which will include
PIT-tag interrogation and separation systems, was started by COE
at Lower Monumental Dam in 1992. Contracting and construction
delays prevented it from being completed on time.

A temporary PIT-tag interrogation system was installed at the dam

for the 1993 field season. Permanent PIT-tag interrogation and
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separation systems are scheduled to be operational by spring

1994.

Little Googe Dam

1.

1.

A new juvenile fish collection facility was constructed by COE at
Little Goose Dam during 1989-90.

Updated PIT-tag interrogation and separation equipment was

installed in 1993.

Lower Granite Dam

The separation system at Lower Granite Dam was modified in 1990,
1992, and 1993 to increase separation efficiency and reliability.
The separation system is also used by COE for their hourly fish
subsamples.

We recommend that NMFS, COE, and PSMFC personnel become familiar
with the operation and maintenance of interrogation and
separation systems at all of the dams in order to make

adjustments and repairs during the field season.
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Evaluation of the PIT-tag Interrogation System
for Juvenile Salmon at Little Goose Dam:
Tag-Reading Efficiency

Introduction

Reading efficiency (RE) of a PIT-tag interrogation system (RE for
all of the coils combined) is determined by releasing a known number
of tagged juvenile salmon directly into the fish and debris separator.
Tag-reading efficiencies are then calculated by comparing the number
of fish released to the number recorded by the interrogation system.
Exact reading efficiencies can be calculated for the entire
interrogation system, but only approximated for each coil or for a
dual-coil monitor (because which separation subsystem missed the fish
is unknown). This method of determining system RE has been used since
1985 (Prentice et al. 1987 and 1993). To be considered operating
efficiently, the interrogation system must meet the 95% RE criterion
established by NMFS for Columbia River Basin dams (Prentice et al.

1993). The interrogation system at Little Goose Dam was evaluated

with this direct method using two salmonid species in 1991.

Materials and Methods

Outmigrating juvenile chinook salmon (Oncorhynchus tshawytscha)
and steelhead (0. mykiss) were removed directly from the fish and
debris separator in May 1991. Only fish having limited scale loss and
no previous marks, tags, or injuries were used. Selected fish were
PIT tagged using the method described by Prentice et al. (1990b). For
both species, 10 release groups of 50 to 55 fish were tagged and their
fork lengths measured to the nearest millimeter using the Columbia
River Basin protocol (Pacific States Marine Fisheries Commission
1993). After tagging, each release group was held in a covered 132-L

portable container with a continuous supply of aerated river water.
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The fish were held for 24 hours and then released directly into the
upwell of the fish and debris separator. Prior to release, each group
was examined to record any mortalities and to ensure tags were active
in the released fish. Groups were released at 30-minute intervals
until all were placed into the fish and debris separator.

All of the fish were allowed to pass volitionally through the
fish and debris separator. As fish exited the fish and debris
separator, they traveled down either of two parallel flume systems
(designated A and B in Fig. 5) and were immediately interrogated for
tag presence by two dual-coil PIT-tag separator monitors. The raceway
and diversion PIT-tag monitors depicted in Figure 5 were not present
in 1991. Upon detection of a PIT-tagged fish at any of the four
coils, the tag code, coil identification number, time (day, hour,
minute, and second), and date (month, day, and year) were recorded in
a computer file and simutaneously printed, as described by Prentice et

al. (1990a).

Results and Discussion

Both species sustained higher than normal mortality rates from
tagging (Table 1). The mortality rates observed in this study for
chinook salmon and steelhead were 9.6 and 3.3%, respectively, compared
to the normal post-tagging mortality rate of less than 2% (Prentice et
al. 1993). These were the highest mortality rates ever observed while
PIT tagging fish (through July 1993). No explanation related to our
methods can be offered for this high mortality because the fish-
handling and tagging techniques were similar to those used in previous
years.

Reading efficiencies for the entire interrogation system

(potentially four coils for each fish) were 96.5% for chinook salmon
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Table 1. Tagging and recovery data for PIT-tagged chinook
salmon and steelhead juveniles released at
Little Goose Dam in 1991.

Chinook salmon Steelhead
No. tagged 502 506
No. mortalities 48 17
Percent mortality 9.6 3.3
No. released 454 489

No. tags read 438 463
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and 94.7% for steelhead (Table 2). These are equal to or above the
established 95% acceptable rate (Prentice et al. 1993), indicating the
dam's interrogation system was operating efficiently. However, when
reading efficiencies were calculated for each dual-coil PIT-tag
monitor, they ranged from 82.5 to 97.5% for chinook salmon and from
84.8 to 97.6% for steelhead. The lowest reading efficiencies were
registered by the separator monitor on the B-exit flume closest to the
fish and debris separator. They were probably caused by a combination
of the high number of fish traveling through the B-exit flume and poor
orientation of the fish. Tags are not read when two or more fish move
through a coil simultaneously or when PIT-tagged fish are at an angle
greater than a 45° relative to the tag-energizing field. The
separator monitors are located immediately below the exit to the fish
and debris separator, where water turbulence can be high. This
turbulence can cause fish to be tossed sideways and result in PIT-tag

angles exceeding 45°.
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Table 2. For the PIT-tagged chinook salmon and steelhead
juveniles released at Little Goose Dam in 1991,
the estimated reading efficiencies for the four
dual coil PIT-tag monitors and the overall reading
efficiency for the interrogation system. See
Figure 5 for location of separator monitors.

Chinook salmon Steelhead
No. read Percent No. read Percent
Separator monitor (upper A) 115 97.5 40 97.6
Separator monitor (lower A) 113 95.8 38 92.7
Separator monitor (upper B) 264 82.5 358 84.8
Separator monitor (lower B) 312 97.5 386 91.5
Interrogation system 438 96.5 463 94.7
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Summary, Conclusions, and Recommendations

1.

The PIT-tag interrogation system for juvenile salmon at Little
Goose Dam was evaluated in 1991. A known number of PIT-tagged
juvenile steelhead and chinook salmon were released directly into
the fish and debris separator to determine the RE of the PIT-tag
interrogation system for each species. To be considered
operating efficiently, an interrogation system must meet the

95% RE criterion established by NMFS for Columbia River Basin
dams .

Compared to the normal mortality rate of less than 2%, both
chinook salmon and steelhead sustained higher than normal
mortality rates after tagging. Mortality rates for chinook
salmon and steelhead were 9.6% and 3.3%, respectively.

When the number of tagged fish detected was compared to the
number of tagged fish released, the reading efficiencies of the
PIT-tag interrogation system were 96.5% and 94.7% for chinook
salmon and steelhead, respectively.

One of the four coils had reading efficiencies less than 85%,
probably because of the large number of fish that went through it
and because turbulence caused fish to have poor orientation
relative to the tag-energizing field. To reduce the turbulence
effect and thereby improve the RE of this monitor, we recommend
positioning the monitor farther away from the fish and debris

separator.
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Evaluation of the PIT-tag Interrogation System
for Adult Salmon at Lower Granite Dam:
Tag-Reading Efficiency

Introduction

In 1986, the PIT-tag interrogation system for adult salmon was
installed in the fish ladder at Lower Granite Dam (Fig. 7). All adult
salmonids migrating upstream through the fish ladder pass through both
CW-tag detectors and PIT-tag monitors. The interrogation system has
been routinely evaluated for RE using pass-through reference tags
(10 PIT tags embedded in wooden blocks and floated through the
interrogation system), but in 1989 and 1990, evaluations were

conducted for the first time using fish.

Materials and Methods

Adult separator/trap complex--Fish reached the CW-tag detectors
and PIT-tag monitors through two false weirs, one on each side of the
fish ladder (Fig. 7). After passing over a false weir, fish traveled
down a 31-cm diameter pipe, through a CW-tag detector, and then
through two PIT-tag monitors (31-cm diameter by 122-cm long;
cross-sectional area = 750 cm?). If a CW tag was detected, a diversion
swing gate located downstream from the PIT-tag monitors was activated,
and the diverted fish was directed to an adult fish trap. If no CW
tag was detected, the fish was returned to the main fish ladder to
continue its upstream migration. Therefore, under normal operation,
PIT-tagged fish would not be separated into the trap, but returned to
the main fish ladder, while CW+PIT-tagged fish would be separated into
the adult trap.

Evaluation--Returning adult steelhead (age-2-ocean "B" run),
which had been CW tagged and freeze branded as juveniles, were

captured in the adult fish trap at Lower Granite Dam. Two groups of
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10 fish were used in the test. The fish were PIT tagged according to
the procedure described by Prentice et al. (1990b). After tagging,
each adult steelhead was interrogated using a hand-held PIT-tag
scanner to confirm that the PIT tag was functioning. Electrical strap
ties implanted with a second CW tag were used as jaw tags (McCutcheon
et al. 1994). This double CW-tag procedure was followed to try to
ensure activation of the CW-tag diversion system and to enable
biologists to visually identify test fish in the trap. Tagged fish
were allowed to recover for 10 minutes before being released into the
fish ladder downstream from the adult separator/trap complex. The
first group was PIT tagged and released during November 1989 while the
second group was tagged and released during March 1990 (Table 3).
Fork length, gender, PIT-tag code, date, and release time were
recorded for each fish.

Released adult steelhead were allowed to migrate up the fish
ladder volitionally and then were directed through the adult
separator/trap complex. When a PIT-tagged fish was read by any of the
four excitation/detection coils, the date, time, and coil
identification number were recorded by the computer. Each jaw-tagged
fish recovered in the adult fish trap was interrogated with a
hand-held PIT-tag scanner to verify its tag code before the jaw tag
was removed. The fish was then released into the fish ladder to

continue its migration upstream.

Results and Discussion

Fork lengths of the adult steelhead released ranged from 77 to
86 cm (Table 3). Recapture time ranged from 2 hours to 4 months
(Table 4). No relationship seemed to exist between fish size or

gender and recapture time. Several fish released in the fall
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Table 3. Tagging and release data for PIT-tagged adult
steelhead released below the fish ladder in
1989 and 1990 at Lower Granite Dam.
PIT-tag Tagging Release Water Gender Length
code date time temp. (°C) (cm)

1 TFTF096A0C 11/15/89 13:10 10.0 F 81
2 TF7F096C72 11/16/89 15:40 10.0 F 83
3 7F7F09606A 11/17/89 15:00 10.0 F 82
4 7F7F09635C 11/18/89 09:30 10.0 M 85
5 TF7F095D4C 11/18/89 10:00 10.0 M 85
6 7F7F095D15 11/19/89 09:45 10.0 F 86
7 7F7F095F70 11/19/89 13:00 10.0 F 80
8 7F7F096865 11/20/89 15:00 10.0 F 79
9 TF7F095D44 11/20/89 15:00 10.0 F 79
10 7F7F09655B 11/23/89 09:45 9.4 M 86
11 7F7FOA7AS57 03/18/90 16:30 6.1 F 81
12 7F7F095D43 03/19/90 09:30 6.6 F 84
13 TF7F096A59 03/20/90 13:00 6.6 M 84
14 TFTFO0A757B 03/20/90 14:15 6.6 F 81
15 7F7FOA7DSF  03/21/90 10:15 7.2 F 78
16 TF7F096B00 03/24/90 15:00 8.3 F 77
17 TF7FA73322 03/23/90 14:00 7.7 F 86
18 TF7F095B1A 03/25/90 13:15 8.3 F 81
19 TF7F095D2D 03/25/90 15:30 8.3 F 85
20 7F7F0A781A 03/26/90 11:15 8.3 F 82
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Table 4. Recovery data for PIT-tagged adult steelhead released
below the fish ladder in 1989 and 1990 at Lower
Granite Dam.
PIT-tag Recovery Recovery Water No.of Elapsed
code date time temp. (°C) coils time(days)
1 TFTF096A0C 11/17/89 12:54 10.0 3 2.0
2 7FTF096C72 11/23/89 14:53 9.4 4 7.0
3 7F7F09606A 11/21/89 10:46 10.0 3 3.8
4 TF7F09635C 11/24/89 09:07 8.8 4 6.0
5 7FTF095D4C 03/06/90 16:45 5.5 4 108.3
6 7F7F095D15 11/19/89 12:05 10.0 4 0.1
7 TFTF095F70 03/16/90 15:05 6.6 3 117.1
8 TF7F096865 11/22/89 09:48 10.0 3 1.8
9 TF7F095D44 03/22/90 16:57 7.7 4 122.1
10 7F7TF09655B 11/24/89 23:06 8.8 4 1.6
11 TF7F0A7AS7 03/21/90 15:13 10.0 1 3.0
12 TF7F095D43 03/20/90 17:08 6.6 4 1.3
13 TFTF096A59 03/22/90 12:57 7.7 4 2.0
14 7F7F0A757B 03/20/90 16:30 6.6 4 0.1
15 TFTFO0A7TDSF 03/21/90 14:15 7.2 1 0.2
16 TF7F096B00 03/25/90 17:32 8.3 4 1.1
17 TFTFAT73322 03/24/90 09:15 8.3 4 0.8
18 7TFTF095B1A 03/26/90 01:30 8.3 4 0.5
19 7F7F095D2D 03/25/90 17:15 8.3 1 0.1
20 TF7FOAT781A 03/27/90 14:30 8.3 4 1.2
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overwintered in the Lower Granite Dam region of the Snake River. This
behavior is commonly observed in Snake River steelhead (Jerrel Harmon,
National Marine Fisheries Service, stationed at Lower Granite Dam,
Washington, Pers. commun. November 1989).

All 20 steelhead tagged in this study swam up the fish ladder,
and all of their PIT tags were read by at least one of the PIT-tag
monitors: 13 fish were read by all 4 coils, 4 fish by 3 coils, and 3
fish by 1 coil (Table 4). Therefore, the overall system RE was 100%.
The single-coil reads occurred between 21 March and 25 March 1990. A
test using pass-through reference tags was run on 22 March 1990, and
all of the coils performed perfectly (i.e., all 10 reference tags were
read by each coil). In addition, four other fish passing through the
system during the same period were read by all four coils. One
possible explanation for the single-coil reads could be that migrating
fish splashed water within the PIT-tag monitors: this would have
severely reduced the tag-energizing field. Unlike the PIT-tag
interrogation system, not all fish were detected by the CW-detectors:
two fish were missed, resulting in a detection rate of 90%.

The PIT-tag interrogation system at Lower Granite Dam was an
effective interrogator of adult steelhead in this study. However, we
suggest further testing on a range of species and age classes to
eliminate the possible effect of fish behavior and size on the

interrogation system.
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Summary, Conclusions, and Recommendations

1.

The PIT-tag interrogation system for adult salmon at Lower
Granite Dam was evaluated in 1989 and 1990. Trapped adult
steelhead were PIT tagged and jaw tagged with CW tags. They were
then released at the bottom of the fish ladder and allowed to
migrate volitionally.

All of the fish migrated up the fish ladder and their PIT tags
were read by the PIT-tag monitors: 13 fish were read by all

4 coils, 4 fish by 3 coils, and 3 fish by 1 coil. Overall RE

was 100%.

Not all fish were detected by the CW-detectors; two fish were
missed, resulting in a detection rate of 90%.

The PIT-tag interrogation system at Lower Granite Dam is an
effective interrogator of adult steelhead. However, we recommend
further testing on a range of species and age classes to
eliminate the possible effect of fish behavior and size on system

interrogation ability.
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SYSTEMS DEVELOPMENT AND EVALUATION

In 1989, NMFS began development of a new class of PIT-tag
monitors to passively interrogate juvenile fish with minimal
interference to their movements within streams or to their volitional
exit from hatcheries. Such monitors would allow investigators to
examine the migration patterns and instream dynamics of salmonid parr
and smolts, even in inaccessable areas.

Since some salmonids can detect EMFs (Quinn et al. 1981, Quinn
and Groot 1983), it is possible that their instream behavior might be
affected by the 400-kHz EMFs produced by PIT-tag monitors. Therefore,
the first study on developing the monitors in 1989 examined how the
geometric, electromagnetic, and light properties of passageways (the
part of a PIT-tag monitor that the fish swim through) within PIT-tag
monitors affected juvenile chinook salmon movement (Prentice et al.
1993). To summarize this 1989 study, 1) significantly more fish
volitionally swam through a 10-cm wide rectangular channel than
through tube-shaped passageways of the same diameter (P < 0.001), 2)
the presence of an active EMF did not alter fish passage behavior in
the white tube-shaped passageway of the PIT-tag monitor, and 3) light
intensity below ambient levels delayed fish passage through test
passageways.

The first three studies of this report sought to confirm and
expand on the findings of the 1989 study, and thereby help to

determine the best design of PIT-tag monitors for juvenile salmon.
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PIT-tag Monitors for Juvenile Salmon:
Comparing Fish Passage Time
through Four Types of Passageways
Introduction
This study, conducted at the NMFS Big Beef Creek Field Facility

(Seabeck, Washington), examined passage times through four types of

passageways using juveniles from two salmonid species.

Materials and Methods

Test apparatus--Tests were conducted in an apparatus consisting
of a central passageway connected to upstream and downstream
compartments (155-cm long by 41-cm wide by 46-cm high) (Fig. 8). Four
central passageways were tested: 1) a channel (159-cm long by 10-cm
wide by 51-cm high), 2) a transparent acrylic tube, 3) an inactive
PIT-tag monitor that is equivalent to a white tube, and 4) an active
(400-kHz) PIT-tag monitor that is equivalent to a white tube with an
EMF inside of it. All tubes were 10 cm in diameter by 159 cm in
length. Light intensity inside the white tube of the monitor was
noticeably lower than inside the channel or transparent tube. The
compartment in which fish were initially held was closed off from the
test passageway by a perforated gate. Flow rate through the apparatus
was approximately 20 L/minute.

Testing procedure--Tests were initiated by placing four fish into
the appropriate compartment and giving them 15 minutes to acclimate.
During this acclimation period, an observer noted distinctive
morphological characteristics, which were later used to differentiate
among fish entering and exiting a test passageway. The gate was then
raised to allow fish access to the test passageway. Times were
recorded for the juveniles as they entered and exited the passageways.

After 60 minutes, the gate was lowered, and the numbers of fish in the
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Figure 8. Test apparatus for evaluating fish passage time through
four test passageways (an open channel, transparent tube,
and inactive and active PIT-tag monitors).
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upstream compartment, downstream compartment, and central test
passageway were counted. On any given day, trials for all four
passageways were conducted, but the order in which they were conducted
(early morning, late morning, early afternoon, and late afternoon) was
alternated to eliminate time of day as a confounding factor.

Test fish--Steelhead and chinook salmon were tested with the
apparatus and procedure described above. At the start of testing,
steelhead were placed into the downstream compartment, while chinook
salmon were placed into the upstream compartment of the test
apparatus. Between January and March 1990, 29 trials (116 fish) for
each test passageway were conducted with 8- to 9-month-old steelhead.
The steelhead were obtained from the Washington State Department of
Wildlife South Tacoma Hatchery. During June and July 1990, 20 trials
(80 fish) for each passageway were conducted with ocean-type chinook
salmon that were progeny from adults returning to Big Beef Creek
during the fall of 1989.

Statistics--Entrance times, numbers of fish entering per trial,
percentages of fish that entered and exited a test passageway, and the
times to complete passage through the test passageways were compared
with analyses of variance (ANOVAs) (Zar 1974). Student-Newman-Keul's
(SNK) tests were used to determine groupings for significant ANOVAs.
There was no variance associated with the percentage of chinook salmon
exiting the transparent tube, and therefore, 95% confidence intervals
were calculated to determine if the passageways were significantly

different. Significance was established at P < 0.05.
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Results

Steelhead--The behavior of steelhead suggested that they were in
a migratory stage of development; however, not all of the
116 steelhead used in the 29 trials entered the different passageways.
There were significant differences among the percentages of steelhead
that entered the four passageways (P < 0.01) (Table 5). As indicated
by the results of the SNK test, significantly more fish entered the
channel (2.9 fish per trial) than the three types of tubes (1.8 to
2.0 fish per trial). Average entrance times ranged from 12.9 to
19.5 minutes and were not significantly different among the four
passageways (P = 0.23) (Table 6).

There were significant differences among the percentages of
steelhead that entered and exited the four passageways (P = 0.01)
(Table 7). As indicated by the results of the SNK test, almost all of
the fish entering the channel or transparent tube transited through
them; however, a significant percentage of fish remained in the
inactive or active PIT-tag monitor. Only steelhead completely
transiting the passageways were included in the passage-time analysis;
of these fish, the average passage times were significantly different
(P < 0.01) (Table 8). The SNK test separated the average passage
times into three groupings: 1) the transparent tube, 2) the channel,
and 3) the inactive and active PIT-tag monitor. Fish swam rapidly
through the transparent tube, averaging only 1.9 minutes, while they
averaged 20.8 and 21.1 minutes through the inactive and active PIT-tag
monitor, respectively.

Chinook salmon--The chinook salmon used in this study appeared
healthy but unresponsive, as few of them entered the test passageways;

therefore, the following results can only be suggestive. Since fewer
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Table 5. Number of steelhead tested per trial and the average
number entering the four test passageways.
Probability value is based on a one-way ANOVA
with groupings distinguished by SNK analysis.

Channel Transparent Inactive Active
tube monitor monitor

Number of

fish/trial 4 4 4 4

Number of fish
entering/trial
Mean 2.9 1.8 2.0 1.9
SD (1.0) (1.0) (1.4) (1.3)
F (3, 112) = 5.85 P < 0.01
Groupings: Channel Transparent Inactive Active
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Table 6. Overall number of steelhead entering each test passageway
and their mean entrance times. Probability value is
based on a one-way ANOVA.

Channel Transparent Inactive Active
tube monitor monitor
Number of
fish entering 85 52 58 54
Entrance times
in minutes
Mean 19.5 12.9 17.4 17.2
SD (17.3) (18.8) (18.0) (18.9)

F (3, 245) = 1.46 P =10.23
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Table 7. Overall number and percentage of steelhead exiting each
test passageway. Probability value is based on a one-way
ANOVA with groupings distinguished by SNK analysis.
Channel Transparent Inactive Active
tube monitor monitor
Number of
fish exiting 82 51 26 28
Percentage of
fish exiting
Mean 96.7 96.1 36.8 45.0
SD (9.7) (19.6) (36.9) (42.6)
F (3, 99) = 30.97 P =20.01
Groupings: Channel _ Transparent _Inactive  Active
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Table 8. Overall number of steelhead exiting each test passageway
and their mean passage times through the four test
passageways. Probability value is based on a one-way
ANOVA with groupings distinguished by SNK analysis.

Channel Transparent Inactive Active
tube monitor monitor

Number of

fish exiting 82 51 26 28

Passage time

in minutes

Mean 10.9 1.9 20.8 21.1
SD (14.2) ( 7.6) (14.5) (16.4)
F (3, 183) = 18.13 P < 0.01
Groupings: Channel Transparent

Inactive _ Active
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than one out of four salmon entered a passageway per trial, it is not
surprising that there was no significant difference in the number of
fish per trial that entered the test passageways (P = 0.41) (Table 9).
Average entrance times ranged from 15.0 to 24.6 minutes and were not
significantly different among the four passageways (P = 0.67)
(Table 10).

There was no variance connected with exit from the transparent
tube, because all (100%) of the chinook salmon that entered the
transparent tube also exited from it (Table 11). This was a marked
difference in exit behavior compared to the other three passageways,
in which high percentages of fish remained inside. Average passage
times for the few fish that completely passed through the four
passageways were significantly different (P = 0.05) (Table 12). Like
the results for steelhead, the SNK test results for chinook salmon
indicated that fish swam rapidly through the transparent tube,
averaging only 1.4 minutes, and more slowly through the other

passageways (11.0 to 28.3 minutes).

Discussion

On average, less than one out of four chinook salmon per trial
entered any of the passageways, whereas an average of two to three
steelhead per trial entered the passageways. This suggested that the
chinook salmon might not have been at a migratory developmental stage
(see discussion on page 51). Therefore, the chinook salmon results
should be accepted with caution.

Although results for chinook salmon were not statistically
significant, behavior of the fish was similar to that of steelhead in
that more chinook salmon entered the channel than the tube

passageways. This confirmed the earlier finding by Prentice et al.
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average number entering the four test passageways.
Probability value is based on a one-way ANOVA.

Channel

Transparent Inactive Active
tube monitor monitor
Number of
fish/trial 4 4 4 4
Number of
fish entering/trial
Mean 0.8 0.4 0.4 0.6
SD (0.7) (0.6) (0.6) (0.7)
F (3, 76) = 0.97 P =10.41
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Table 10. Overall number of chinook salmon entering each test

passageway and their mean entrance times. Probability
value is based on a one-way ANOVA.

Channel Transparent Inactive Active
tube monitor monitor
Number of
fish entering 15 9 9 12
Entrance times
in minutes
Mean 15.0 22.2 21.1 24.6
SD (17.9) (24.6) (23.1) (20.0)

F (3, 41) = 0.52 P =0.67
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Table 11. Overall number and percentage of chinook salmon exiting

each test passageway. Groupings determined by the
95% confidence intervals.

Channel Transparent Inactive Active
tube monitor monitor
Number of
fish exiting 9 9 4 5
Percentage of
fish exiting
Mean 62.5 100.0 50.0 40.0
SD (48.3) (00.0) (53.5) (51.6)
Confidence
intervals 35.2-89.8 100.0-100.0 13.0-87.0 8.0-72.0

Groupings: Transparent Channel Inactive Active
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Table 12. Overall number of chinook salmon exiting each test
passageway and their mean passage times through the four
test passageways. Probability value is based on a one-way

ANOVA with groupings distinguished by SNK analysis.

Channel Transparent Inactive Active
tube monitor monitor

Number of
fish exiting 9 9 4 5
Passage time
in minutes

Mean 13.9 1.4 28.3 11.0

SD (17.2) (4.0) (15.6) (23.3)

F (3, 23) = 2.97 P =0.05

Groupings: Transparent Channel Inactive Active
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(1993) that small-tube passageways inhibit fish passage more than
small channels. Both species entered all of the test passageways;
however, fish behavior was different within the passageways. Fish
behavior was unique in the transparent tube as all fish that entered
it swam through it, with significantly shorter passage times for both
species. Inside the transparent tube, fish of both species were
observed diving into the bottom as if trying to reach the gravel that
was visible below. Perhaps painting the bottom of the transparent
tube would eliminate this diving behavior and make fish passage more
natural. Approximately half of the steelhead or chinook salmon that
entered the PIT-tag monitor did not exit the passageway, regardless of
whether the monitor was active or inactive. This suggested that the
reduced light within the PIT-tag monitor passageway was the
determining factor in altering fish-passage behavior, and not the EMF
or the hydraulic flow through the tube. These results confirmed the
earlier conclusion by Prentice et al. (1993) that passage behavior of

juvenile salmonids was not changed by a 400-kHz EMF.

Summary, Conclusions, and Recommendations

1. In 1989, NMFS began development of a new class of PIT-tag
monitors to interrogate volitionally swimming juvenile fish.
Passage behavior of chinook salmon and steelhead through four
test passageways (open channel, transparent tube, inactive and
active PIT-tag monitor) was examined in this study.

2. The chinook salmon used in this study appeared healthy but
unresponsive, as fewer than one out of four fish entered any of
the test passageways per trial compared to two or three out of

four fish for the steelhead.
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More chinook salmon and steelhead entered the open channel than
the tube passageways. This confirmed an earlier finding that
small-tube passageways inhibit fish passage more than small
channels.

Both species entered all of the test passageways; however, fish
behavior was different within the passageways. Almost all of the
fish entering the channel and transparent tube passed through,
while a significant percentage of fish remained in the inactive
or active PIT-tag monitor. Fish swam rapidly through the
transparent tube and significantly more slowly through the other
three passageways.

Approximately half of the steelhead or chinook salmon thét
entered did not exit the PIT-tag monitor whether it was active or
inactive. This suggested that the reduced light within the
PIT-tag monitor passageway was the determining factor in altering
fish passage behavior, and not the EMF or the hydraulic flow
through the tube.

We thus recommend that monitors be designed to allow ambient
light to enter the passageway or that artificial light be added
to emulate natural light conditions during daylight hours. The
best design would also incorporate channels and not tube-shaped

passageways.
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PIT-tag Monitors for Juvenile Salmon:
Fish Passage and Light

Introduction

To design PIT-tag monitors that can effectively interrogate
migrating juvenile salmonids, it is essential to establish the
responses of fish to the monitor. A 1989 study (Prentice et al. 1993)
and the previous study of four passageways (this report) determined
that the best monitor design would incorporate channels instead of
tube-shaped passageways. These studies also suggested that lighting
was important to fish-passage behavior, because fewer fish swam
through the test passageways with lower light intensities. Other
studies have documented that fish-passage behavior is delayed if fish
need to adjust to brighter or lower (i.e., nonambient) levels of light
(Bell 1973, Munz and McFarland 1973, Maynard 1980).

This study, conducted at the NMFS Big Beef Creek Field Facility
examined juvenile chinook salmon passage through uncovered channels
and an artificially illuminated, covered channel. To determine if the
light spectrum had a significant effect on passage behavior, two types

of fluorescent lights were compared.

Materials and Methods

Test apparatus--The test apparatus consisted of two parallel,
gray PVC channels (159-cm long by 10-cm wide by 51-cm high) connected
to a single head tank and two aquaria (Fig. 9). A perforated
partition in the head tank created a pretest holding area (90-cm long
by 41-cm wide). A perforated gate initially blocked off two
10-cm-diameter orifices that joined the holding area and channels.
Fish exited the channels into aquaria (284 L) that were equipped with

screened standpipes to facilitate water flow. Water flowed through
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Figure 9. Test apparatus for evaluating effects of light on fish
passage.
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the test apparatus at approximately 20 L/minute. An aluminum 1id
(112-cm long by 6l1-cm wide by 43-cm high), under which two fluorescent
bulbs were attached, covered 70% of the length of the test channel
during the fluorescent spectrum trials. The lid was removed during
the natural light trials. The right channel remained uncovered since
it was used as a reference channel to determine if a side preference
existed under natural light conditions. Except during side-preference
trials, comparisons of the three light spectrums were made using fish
passage through the test channel. A blue tarp was erected over the
entire test apparatus to prevent shadows from influencing fish
behavior.

Lighting--Passage behavior of yearling fall chinook salmon (Big
Beef Creek stock) was compared under natural lighting and under two
fluorescent light spectrums. General Electric Chroma-50 lights
duplicated the spectrum of natural sunlight and had intensities of
about 950 lux. General Electric SP-35 lights had spectrums with more
red wavelengths than natural light and intensities of about 1,200 lux.
The intensity of natural lighting in the channels was not measured,
but it varied greatly with cloud cover and was often noticeably lower
than the intensities produced by the fluorescent bulbs. During June
and July 1990, trials using the fluorescent lights were alternated
with natural daylight trials (controls). Approximately 20 trials were
conducted for each of the two fluorescent spectrums, and 40 trials
were conducted under natural daylight. The SP-35 lights were
alternated with natural light conditions in the first 32 trials and in
the last 11 trials. Chroma-50 lights were tested in the middle

41 trials.
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Testing procedure--Tests were initiated by placing 30 juvenile
chinook salmon into the holding area and giving them 15 minutes to
acclimate. The gate was then raised to give fish access to either
channel. An observer recorded the time it took the first salmon to
enter each aquarium (emergence time). After 60 minutes, the gate was
lowered, and fish in each aquarium were counted and removed. Then,
the alternate lighting regime was set up and new fish were added to
the holding area to start the next trial.

Statigtics--Chi-square analyses were used to determine if these
juvenile chinook salmon exhibited overall left- or right-side
pfeferences. To examine fish passage under artificial and natural
lighting, the average number of fish per trial completing passage
through the test channel was computed for each of the three lighting
spectrums. These averages and the corresponding emergence times were
then compared with one-way ANOVAs. Significance was established

at P < 0.05.

Results

The natural daylight trials were used to determine side
preference between the test and reference channels. Over all of the
natural daylight trials (1,259 fish), 181 yearling chinook salmon
completed passage through the right reference channel, and 57 fish
completed passage through the left test channel. There was a highly
significant preference for the reference channel over the test channel
(P < 0.001) (Table 13). This overwhelming preference for the
uncovered reference channel over the test channel continued during the
SP-35 (P < 0.001) and Chroma-50 (P < 0.001) trials. Overall
percentages for passage through the test channel were 23.9, 22.1, and

24.0% for natural, SP-35, and Chroma-50 lights, respectively.
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Table 13. Numbers of juvenile chinook salmon initially placed into
the holding area and that completed passage under the

three light spectrums.

Percentages are given for fish

completing passages through test and reference channels.
Probability values are based on Chi-square analyses
for side preference.

Natural SP-35 Chroma-50

Initial number
of fish 1,259 694 637
Total number of fish
completing passage 238 131 100
Percentage of fish
completing passage (test) 23.9 22.1 24.0
Percentage of fish
completing passage (ref.) 76.1 77.9 76.0

x? = 64.61; x? = 39.88; x? = 27.04;

P < 0.001 P < 0.001 ‘P < 0.001
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Taking into account both the significant side preference and that
only the test channel setup was changed, comparisons were made using
only the fish passing through the test channel. Average numbers of
fish passing through the test channel for the three spectrums were not
statistically different (P = 0.808); averages varied slightly, ranging
from 1.1 to 1.4 fish per trial (Table 14). Average emergence time for
the first fish from the three groups was not significantly different
(P = 0.457). Emergence times were similar for the three groups,

ranging from 10.3 to 16.6 minutes (Table 15).

Discussion

Although the chinook salmon were from the same Big Beef Creek
stock as in the 1989 study described previously (Prentice et al.
1993), it appeared that the fish behaved differently in the two
studies. For example, fewer juvenile salmon migrated through both
channels under natural light conditions in 1990 (19%) than in
1989 (70%). This difference is probably due to the studies being
conducted at different times of year. The 1990 study was conducted
during June and July, after the main spring migration period and
before the smaller fall migration period for this population. The
1989 study was conducted in September, during the peak fall migration
period. Another apparent difference between the two studies was that
the 1989 study reported no apparent side preference. However, side
preference was compared using all of the different passageways and
because the fish actively avoided the tube-shaped passageways, the
comparison was invalid. If the 1989 results for the two uncovered
channels are compared independently of the data for the tube-shaped
passageways, then the fish in 1989 exhibited the same side preference

as was exhibited in 1990 (P < 0.001).
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Table 14. Number of trials conducted, initial number of juvenile
chinook salmon, and mean number of fish completing
passage through the test channel per trial.
Probability value is based on a one-way ANOVA.

Natural SP-35 Chroma-50

Number of trials 41 22 21
Initial number
of fish/trial 30 30 30
Number of fish completing
passage/trial

Mean 1.4 1.3 1.1

SD (1.4) (1.5) (1.3)

F(2,81) = 0.214 P = 0.808
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Table 15. Average emergence times for the first fish to exit
the test channel. Probability value is based
on a one-way ANOVA.

Natural SP-35 Chroma-50
Emergence time
in minutes
Mean 16.2 16.6 10.3
SD (17.1) (14.6) {10.4)

F(2,81) = 0.793 P 0.457
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In terms of designing PIT-tag monitors for juvenile salmon, this
study and the previous studies have demonstrated that with extra
lighting, passage behavior of juvenile salmon is similar to behavior
under natural daylight conditions. Furthermore, this study indicated

that the light spectrum does not appear to be a critical factor.

Summary, Conclusions, and Recommendations

1. This study examined juvenile salmon passage through a naturally
illuminated, uncovered channel and an artificially illuminated,
covered channel. To determine if the light spectrum affected
fish behavior, two types of fluorescent light bulbs were
compared.

2. The fish displayed a significant side preference for the right
reference channel over the naturally illuminated, left test
channel. However, the experimental design compensated for side
preference by only comparing passage through the test channel,
and therefore, this bias was removed from affecting the results.

3. Overall percentages for passage through the left test channel
were similar for the three groups: 23.9, 22.1, and 24.0% for
natural light, SP-35 light, and Chroma-50 light, respectively.
Therefore, the light spectrum illuminating the fish passageway
did not appear to be critical to fish passage.

4. Emergence times were also similar for the three groups and ranged
from 10.3 to 16.6 minutes.

5. In terms of designing juvenile PIT-tag monitors, previous studies
and this study have demonstrated that with adequate lighting,
volitional passage behavior of juvenile salmon can be similar to
that obtained under natural daylight conditions if hydraulic

conditions are adequate.
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PIT-tag Monitors for Juvenile Salmon:
Field Evaluation of an Instream Model

Introduction

An instream PIT-tag monitor was designed to interrogate juvenile
salmonids as they volitionally migrated downstream. Based on earlier
results regarding fish response to different passageway conditions,
the instream model contained a channel passageway that was
artificially illuminated. This model was evaluated using groups of
fish with two proportions (20 and 100%) of PIT-tagged smolts to
determine if reading efficiency (RE) of the monitor was affected by
the different proportions. The RE measures how many of the tagged
fish that pass through a monitor are successfully recorded into the
computer file.

It is possible to insert different tag-reading firmware chips
into controllers (see Fig. 1). Reading firmware demodulates and
decodes the encoded signal transmitted by the PIT tag. Initially, the
single-read firmware used in interrogation systems at the dams was
inserted into the controller for the instream monitor. This
single-read firmware will process any tag code that consists of
10 alphanumeric characters, but it will not process a code that is an
exact replicate of the preceding code. Its processing time ranges
from 12.5 to 25.0 milliseconds (msec) per tag code.

However, if fish remain within a coil long enough for the tag
code to be detected multiple times, erroneous tag codes can be
created. With this volitional passage model, fish often remained for
several seconds within a coil, causing multiple erroneous tag-code
readings. To combat the erroneous tag-code problem, Destron-
Identification Devices Inc. (Destron/IDI is the manufacturer of the

PIT tags and tag-interrogation equipment presently used in the
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Columbia River Basin) modified the single-read firmware to produce a
new double-read firmware. They added a repetitive-read microprocessor
that required duplicate readings of a PIT-tag code before the tag code
was recorded. In addition, they changed the software to automatically
clear the controller memory every second so that the same tag could be
read repeatedly without an intervening code.

The new double-read firmware compares the first two codes
received from a tag. If they are identical, the codes are accepted,
and the interrupt signal is sent. If they are different, a third code
is compared. If the third code matches a previous tag code, it is
accepted; however, if there is no match, the whole sequence starts
over. Therefore, a reading cycle for the double-read firmware ranges
from 25 to 40 msec. This study evaluated single-read and double-read
firmware by comparing their REs for two proportions of tagged fish.

One method for determining behavioral responses of juvenile
salmonids to a particular PIT-tag monitor design is to compare
responses to the new design with those to an established interrogation
system. In this study, we evaluated behavioral responses of juvenile
fall chinook salmon to an instream PIT-tag monitor and to a smolt trap
during short observational periods. Observations also yielded
information on how fish passage behavior affected the RE of the

instream monitor.

Materials and Methods

This study was conducted between 19 June and 26 August 1991 at
the NMFS Big Beef Creek Field Facility. An 8-m-long by 4-m-wide
section of spawning channgl was enclosed with 91.5-cm-high weirs
constructed with 12-mm hardware cloth (Fig. 10). The upstream weir

was installed perpendicular to the channel. At the downstream end, a
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V-shaped weir was installed that opened upstream and formed a
100-110° angle at its vertex. At the vertex, a 15.3-cm-diameter
(cross-sectional area = 184 cm?) PVC pipe was installed that extended
2 m downstream to a smolt trap (122-cm long by 91.5-cm wide by 76.2-cm
high). Fish could not pass beyond the trap. A dual-coil PIT-tag
monitor was positioned in the center of the test section. Hardware
cloth V-leads were installed at both ends of the PIT-tag monitor to
preclude fish movement around it and to help guide fish into its
passageway from either direction.

To reduce RF emissions, the exterior of the PIT-tag monitor
consisted of an open-ended aluminum shield (188-cm long by 75-cm wide
by 102-cm high) (Fig. 11). The two excitation/detection coils were
wrapped around a translucent passageway (107-cm long by 15.3-cm wide
by 6l-cm high; cross-sectional area = 1000 cm?). The PIT-tag monitor
was submerged to a depth of 15 cm through the passageway. Four
ceiling-mounted fluorescent lights (40-W daylight-spectrum bulbs)
provided lighting within the passageway, and were controlled by a
photocell that turned them off at night. Electronic components
associated with the PIT-tag monitor were similar to those described by
Prentice et al. (1990a, also see Fig. 1).

A 2.5-m high observation platform was constructed adjacent to the
channel and covered with camouflage mesh to minimize disturbance to
the fish during behavioral observations (Fig. 10). A convex mirror
was mounted at each end of the RF-emission shield to enable observers
to see inside the passageway (Fig. 11).

Fall chinook salmon smolts from the Washington State Department
of Fisheries (WDF) Minter Creek Hatchery were used in two series of

tests. At least 1 week before they were used in the study, salmon
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Figure 11. Top and side views of the instream PIT-tag monitor.
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were tagged with PIT and fingerling tags using standard procedures
(Prentice et al. 1990b). PIT-tagged and non-PIT-tagged individuals
were marked with different colored fingerling tags. In Test-Series A
(100% PIT-tagged), 25 PIT-tagged fish were released into the upstream
section and recaptured after 24 hours. In Test-Series B (20% PIT-
tagged), 10 PIT-tagged and 40 non-PIT-tagged fish were released. Ten
replicates of each test series were conducted.

Both test series incorporated 90-minute observational periods.
Observers recorded the numbers of salmon approaching or entering the
smolt trap and monitor, passage times, orientation to current during
passage, and duration of fish movements within 1 m of the monitor and
trap entrances. A stopwatch was synchronized to the computer clock
associated with the PIT-tag monitor, and was used to record the time
and duration of each event. This permitted REs to be calculated from
the observational\data. Durations of movements within 1 m of the
devices were recorded to determine if fish were reluctant to enter the
monitor or trap. Whenever possible, passage times were recorded to
measure length of exposure to the EMF.

Twenty-four hours after release, all fish were captured with dip
nets and their locations were noted (i.e., upstream section,
downstream section, or smolt trap). Fish inside the monitor were
considered to be in the upstream section. At the time of capture,
each fish was interrogated for the presence of a PIT tag using a
hand-held PIT-tag scanner. If PIT tagged, the PIT-tag code and
capture location were recorded.

The RE of the PIT-tag monitor was calculated by comparing the
PIT-tag codes recorded by the computer to those of tagged fish

recovered from the downstream section and trap. Only fish recovered
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downstream from the PIT-tag monitor were used in this efficiency
calculation, because it could be assumed that they had passed through
the monitor at least once. Fish recovered from the upstream section
were excluded from the calculation, because it was impossible to
determine whether they had remained upstream from the PIT-tag monitor
for the entire 24 hours or if they had escaped detection while
transiting the monitor two or more times. A second set of REs was
also calculated by comparing the computer records to the observed fish
passage data during the 90-minute observational periods.

Numerous PIT-tag codes that had errors in their alphanumeric
characters were read during the first seven trials (four replicates in
Test-Series A and three replicates in Test-Series B) when single-read
firmware was used. Therefore, double-read firmware was used in all of
the remaining trials. Tag-code error rates were calculated before and
after the firmware change.

Comparisons of REs between the two firmwares and between the two
test series for each firmware for the 24-hour and observational data
were analyzed with independent t-tests. Significance was established

at P < 0.05.

Results

With the single-read firmware, erroneous tag codes tended to
occur when a tagged fish remained in a coil long enough to be read
more than once. Typically, the correct code was recorded, followed by
an erroneous tag code that "cleared" the microprocessor for another
reading of the correct code. The erroneous tag codes were usually one
or two character deviations from the correct alphanumeric sequence.
Pooled data from the seven trials using the single-read firmware

indicated that 530 of the 1,536 (34.5%) records contained erroneous
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tag codes. During the 13 trials following the change to double-read
firmware, there were 5,948 records written without an erroneous tag
code.

Mean RE (over 24 hours) for the four trials of Test-Series A
(100% PIT-tagged salmon) using single-read firmware was 80.2 + 7.6%
(X £+ SD) (Table 16). Of the 95 tagged fish recovered from the lower
section and trap, 76 were recorded by the computer. Mean RE for the
three trials of Test-Series B (20% PIT-tagged fish) using the
single-read firmware was 96.7 * 5.8%, with 21 of the 22 recovered
tagged fish being recorded. Single-read firmware yielded a
significantly higher RE for Test-Series B than for Test-Series A
(P = 0.031).

Mean RE for the six trials in Test-Series A using double-read
firmware was 91.5 £ 9.5%, with 99 of the 110 recovered tagged fish
being recorded (Table 16). Mean RE for the seven trials in
Test-Series B after the firmware change was 95.2 + 6.0%, with 57 of
the 60 recovered tagged fish being recorded. Double-read firmware
yielded a higher RE for Test-Series B than for Test-Series A, but this
difference was not significant (P = 0.441). Although changing from
single-read to double-read firmware yielded a large increase in mean
RE for Test-Series A (11.3%), the increase was not statistically
significant (P = 0.075).

The number of PIT-tagged salmon observed swimming through the
monitor during each 90-minute observational period ranged from 5 to
40 in Test-Series A and from 0 to 1 in Test-Series B for the
single-read firmware trials. 1In the double-read firmware trials,
observations ranged from 0 to 31 for Test-Series A (25 PIT-tagged

fish) and from 0 to 13 for Test-Series B (10 PIT-tagged fish). As
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Table 16. Number of trials and mean reading efficiencies for
Test-Series A (100% PIT-tagged fish) and Test-Series B
(20% PIT-tagged fish) using single-read and double-read
firmware. Probability values are based on t-tests.

Firmware Test-Series A Test-Series B

Single-read

No. trials 4 3
Mean 80.2 96.7
SD (7.6) (5.8)
Double-read
No. trials 6 7
Mean 91.5 95.2
SD (9.5) (6.0)
A vs B:
Single-read t = 3.27 P = 0.031
Double-read t = 0.81 P = 0.441
Single vs Double:
Test-Series A t = 2.09 P =0.075
Test-Series B t = 0.36 P =0.731
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these numbers indicate, even over a short period of time, individual
fish made multiple trips through the monitor. Fish were also observed
traveling in groups through the monitor. During five observation
periods, no PIT-tagged fish swam through the PIT-tag monitor: once
during single-read firmware observations and four times during
double-read firmware observations. These occurrences of zero passage
reduced the statistical power of the RE comparison between the two
firmwares calculated from the observation data. Observational data
from the single-read firmware trials in Test-Series A and

Test-Series B yielded REs of 57.4 + 13.2% and 50.0 = 70.7%,
respectively (Table 17). These REs were not significantly different
(P = 0.907). Data from the six observational periods in Test-Series A
and seven observational periods in Test-Series B run after the
firmware change yielded REs of 83.6 * 18.5% and 100 * 0.0%,
respectively. Although the RE of Test-Series B was higher than
Test-Series A, the 16.4% difference was not significant (P = 0.263).
Similarly, the increases in REs between the two firmwares for
Test-Series A (26%) and Test-Series B (50%) were large, but the
reduced statistical power resulted in these differences being
insignificant for either Test-Series A (P = 0.129) or

Test-Series B (P = 0.500).

The observational periods yielded few differences between the two
test series or between fish responses to the monitor and smolt trap.
Because the salmon were released into the upstream section,
significantly larger groups of fish aggregated within 1 m upstream of
the monitor than within 1 m of the pipe (P < 0.001 for both series).
Average durations that salmon stayed within 1 m of the trap and the

monitor were similar and ranged from 20.1 to 34.4 seconds. In



65

Table 17. Number of non-zero trials and mean reading efficiencies
for the observational data from Test-Series A
(100% PIT-tagged fish) and Test-Series B (20% PIT-tagged
fish) using the single-read and double-read firmware.
Probability values are based on t-tests.

Firmware Test-Series A Test-Series B

Single-read

No. trials 4 2
Mean 57.4 50.0=
SD (13.2) (70.7)

@ based on two tagged fish
Double-read

No. trials 3 6
Mean 83.6 100.0
SD (18.5) (00.0)
A vs B:
Single-read t = 0.15 P = 0.907
Double-read t =1.54 P =0.263

Single vs Double:
Test-Series A t
Test-Series B t

0.129
0.500

[N)
o
0¢]
L]
I
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Test-Series B, although the difference was small, fish stayed within
1 m of the trap significantly longer (26.6 * 20.7 seconds) than they
did within 1 m of the monitor (20.1 * 14.1 seconds) (P = 0.011). 1In
Test-Series A, they averaged 25.8 % 35.3 seconds at the trap and
34.4 + 78.5 seconds at the monitor, but this difference was not
significant (P = 0.419). In both test series, passage time for fish
to transit the monitor ranged from 3 to 55 seconds, with a mean of
12.4 * 13.8 seconds. The discharge end of the trap pipe was obscured
from view; therefore, it was not possible to get passage times through
the pipe. However, it was observed that the salmon entered the pipe

tail first while they swam head first through the monitor.

Discussion

Observational data indicated that the PIT-tag instream monitor
missed reading some PIT-tagged fish observed swimming through it. The
RE of the monitor was reduced by the tendency for juvenile chinook
salmon to swim in groups and to make multiple trips through the
instream monitor. Changing from single-read to double-read firmware
solved the multiple trip problem, because the double-read firmware
could read the same tag once every second without the need for an
intervening code. With the single-read firmware, a tagged fish
swimming back upstream and then immediately downstream would be missed
by the monitor the second time it passed unless another tagged fish
had transited the monitor in the interim or unless a tag-code error
had occurred. Since there were more PIT-tagged fish in Test-Series A
than Test-Series B, changing from single-read firmware to double-read
firmware resulted in increased REs in Test-Series A.

In general, REs for the instream monitor were higher for
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Test-Series B than for Test-Series A. The instream monitor was able
to read the tags more efficiently with a lower proportion of PIT tags,
because monitors cannot read tag codes when two or more PIT-tagged
fish swim through a coil simultaneously. Since salmon rarely travel
side by side for long, REs might be improved by using three or four
coils instead of the two coils in the tested design.

Double-read firmware corrected the erroneous tag code problem.
Since erroneous tag codes have been occasionally recorded at the dams,
some have suggested incorporating the double-read firmware into the
interrogation systems at all dams. However, there are nonvolitional
situations (e.g., pumping fish at a hatchery) when passage through a
coil might occur in less than 25 msec, and in these situations, the
double-read firmware would be less efficient than the single-read
firmware. Therefore, the situation should dictate which firmware
should be used.

Results from the behavioral observations indicated few
differences in the responses of juvenile chinook salmon to the monitor
and smolt trap. For example, the average times spent within 1 m of
the monitor or smolt trap were similar and suggested that salmon were
equally willing or reluctant to enter either apparatus. Fish probably
entered and swam through the trap tail first because it was dark in
the tube and in this position, they could retreat quickly if they were
to encounter a predator. 1In contrast, they probably swam head first
through the monitor because it was sufficiently illuminated to enable
juvenile salmon to determine that there were no predators present.

Passage times through the PIT-tag monitor indicated that the
maximum EMF exposure for a single passage was 55 seconds; however,

total exposure may have been several times greater for salmon that
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made multiple trips through the monitor. Multiple passages through

the monitor may have been encouraged by confinement to a short stream

section. Additional testing with upstream and downstream barriers

either removed or positioned farther away from the monitor would

address this point.

Summary, Conclusions, and Recommendations

1.

An instream PIT-tag monitor was evaluated using groups of fish
with two proportions (20 and 100%) of PIT-tagged chinook salmon
smolts to determine if RE of the monitor was affected by the
different tag densities. Single-read and double-read firmware
were also evaluated by comparing their REs for the two fish
groups. During 90-minute observations, behavioral responses of
the juveniles to the instream monitor and to a smolt trap were
evaluated.

The RE of the monitor was reduced by the tendency for juvenile
chinook salmon to swim in groups and to make multiple trips
through the instream monitor. Changing from single-read to
double-read firmware solved the multiple trip problem, because
the double-read firmware could read the same tag once every
second without the need for an intervening code, while the
single-read firmware could not.

In general, REs for the instream monitor were higher for the
20% tagged group than for the 100% tagged group, regardless of
firmware. The instream monitor was able to read the tags more
efficiently at lower tag densities, because a monitor cannot read
tag codes when two or more PIT-tagged fish swim through a coil

simultaneously.
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Erroneous tag codes were read with single-read firmware when a
tagged fish remained in the PIT-tag monitor long enough to be
read more than once. Double-read firmware eliminated the
erroneous tag codes by requiring two identical tag codes to be
registered before recording the code and by being able to read
the same tag once every second without the need for an
intervening code.

Observational data showed no significant differences between the
monitor and conventional smolt trap in affecting the volitional
migratory behavior of juvenile salmonids.

Since fish do not swim side by side for long, we recommend that a
minimum of three coils be used for instream monitors. We also
recommend double-read firmware for all instream PIT-tag monitors.
However, double-read firmware cannot be used in situations where
fish stay within the energizing field of the monitor for less

than 24 msec.
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Development and Evaluation of a Separation
System for Specific PIT-tag Codes

Introduction
Slide gates are currently used at several Columbia River Basin

dams to separate PIT-tagged juvenile salmon from untagged fish by the
presence or absence of PIT tags. During normal operation, when a PIT
tag is read at a particular coil, a controller activates a trigger
mechanism that opens the slide gate to separate the tagged fish (see
pages 4-6 for a complete description of the basic presence/absence
separation system). Many specific research questions in fish
transportation, survival, and other fields could be addressed by
incorporating a computer program to separate tagged fish based on
their specific PIT-tag codes.

A prototype computer program for this purpose was written and
then evaluated at NMFS Manchester Marine Experimental Station. A
testing apparatus that simulated a portion of a juvenile fish
bypass/collection facility, including a separation system, was
constructed at Manchester. To evaluate the computer program, the
separation system was initially set up with the standard components
used at the dams (single-read firmware and a nonadjustable slide
gate). Two modifications of the separation system, an adjustable
slide gate and double-read firmware, were then evaluated using the new

separation-by-code computer program.

Materials and Methods

Simulation testing apparatus--Tests were conducted with an
apparatus that simulated the water velocity and flume arrangements
presently used at juvenile salmon bypass/collection facilities

(Fig. 12). Pond water was pumped into a head tank (4.3-m long by
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2.5-m wide by 1.3-m high) with a vertical gate connecting it to the
upper flume section. The head tank simulated a water and debris
separator. A small section of the tank (90-cm long by 32-cm wide by
63-cm high) was screened off to create a holding area for fish. The
testing apparatus included rectangular flumes that measured 30-cm wide
by 45-cm high. To improve the laminar water flow, corrugated roofing
material was placed in the upper 2.4 m of the flume. Unlike some of
the flumes at the dams, this upper flume was neither sloped downwards
nor covered. The PIT-tag monitor (1.2-m long with a cross-sectional
area of 700 cm?) was located 2.3 m from the head tank and 3.1 m above
the slide gate. |

The slide gate originally tested was nonadjustable and had a
45-cm opening, which is the standard model used at the dams. Since
adjustable slide gates (0 to 180-cm openings) were scheduled to be
installed at the dams in 1993, we evaluated one at Manchester prior to
the installations. For this evaluation, the opening of the adjustable
slide gate was set at 45 cm to compare it to the original slide gate.

Trials were conducted at water velocities of approximately
3 m/sec, and velocities were achieved by opening the vertical gate to
a height of 10 cm with a constant head tank depth of 52.5 cm. At that
water velocity, the computer program was set to open the slide gate
(same for both slide gates) approximately 600 msec after it had read
and processed a tag. The gate remained open for approximately
1,000 msec before it started to close.

Underneath the slide gate, separated sticks (see below) or fish
were directed into a second flume that led to a terminal holding area
(designated "B") while any nondiverted sticks or fish stayed in the

main flume and ended up in terminal holding area A (Fig. 12).
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PIT-tag monitor and computer system--A dual-coil PIT-tag monitor
was used, but its coils were connected to a modified controller. Both
single-read and double-read firmware were tested in this study because
the decision had not yet been made on which firmware chip would be
used at the dams in the future. Single-read firmware accepts any
transmission of a complete tag code and processes tag codes rapidly
(12.5 msec/tag); however, it also produces erroneous tag codes (see
pages 55-69; Pacific States Marine Fisheries Commission, Unpublished
data collected at the dams. 455E 82nd Drive, Suite 100, Gladstone,
Oregon 97027-2522.). Double-read firmware is slower (25-40 msec/tag),
but does not produce erroneous tag codes.

Like the controller, the computer hardware was modified for rapid
communication and processing of the 20,000 specific tag-codes in the
database. PIT-tag codes to be separated were entered into the
database. A 386 computer was equipped with a General Purpose
Interface Bus (GPIB) card and a specialized counter/timer input/output
(I/0) card. All tags could potentially be read by both coils of the
PIT-tag monitor. After a tag code was accepted by the controller and
transmitted to the computer, the computer program looked up that
specific tag code in the database, determined which action (separation
or no separation) should be taken, and started the timer for
activating the slide gate (if appropriate). The entire sequence took
approximately 1.2 seconds.

To record data during the evaluations of the separation-by-code
computer program and separation-system modifications, a computer file
was created for each trial. The file contained a record for each time

a PIT tag was read, which included the PIT-tag code, controller and
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coil identification numbers, time, date, and action that should have
occurred for that tag code.

Efficiencies--The computer program and separation-system
modifications were evaluated with both tagged wooden sticks and with
fish to determine reading and gate efficiencies. The RE for the dual-
coil PIT-tag monitor was calculated as the percentage of tagged sticks
or fish read by at least one coil during that trial. NMFS has
established a system RE (all of the coils combined within an
interrogation system) of 95% as the acceptable daily performance rate
for the Columbia River Basin dams (Prentice et al. 1993). However, no
criterion has yet been established for gate efficiencies (GEs): we
anticipate that a sliding scale will be required because acceptable
GEs vary with fish density.

Inconsistent REs for the stick trials were a recurring problem
during Manchester simulation testing until the main cause was
identified in May 1993: the top shield on the monitor had not been
securely fastened down. This allowed the shielding to expand and
contract with temperature changes. Screwing down the top shield
notably reduced the incidenée of inconsistent REs. However, because
of the previous inconsistency in REs, we decided to accept tests with
lower REs or stick trials with system REs > 90%. The 90% rate was
chosen because the simulation testing apparatus had only two coils
versus the eight coils typically found at juvenile collection
facilities (see Figs. 3-6).

All fish trials were used because poor orientation of tagged fish
relative to the monitor is also known to reduce REs. In addition, the
fish trials were run only on days when the separation system

consistently performed well with sticks (this indicated that the
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shielding was not a problem that day). The same range of REs was
recorded for fish trials before and after the shielding problem was
corrected, which suggested that fish behavior was the primary cause
for the lower REs in the fish trials.

The GE for each trial was calculated using the theoretical and
actual distributions of tagged sticks or fish in the two terminal
holding areas based on which tags had been read. Each PIT-tagged
stick or fish that was programmed to be separated could follow one of
four scenarios: 1) be read and be separated (correct action), 2) be
read and not be separated (wrong action), 3) not be read and be
separated (wrong action), and 4) not be read and not be separated
(correct action). In scenario 4, the PIT-tagged stick or fish was
acting as an untagged fish or as a PIT-tagged stick or fish that was
not included in the database. Therefore fish or sticks in this
scenario should not have been separated. Thus, GE represented the
percentage of correct actions for each trial.

Stick trials--Wooden sticks were employed, because both their
rate of entry and orientation could be controlled. In contrast, fish
often passed the monitor in groups and at various angles; both of
which can reduce RE and GE. Thus, stick results provided a baseline
against which fish results and modifications to the separation system
could be compared.

For the stick trials, 50 PIT-tagged and numbered sticks were
individually introduced at the upper end of the flume at a rate of
approximately one per second. With the original setup (nonadjustable
slide gate and single-read firmware), PIT-tagged sticks were used to
acquire baseline REs and GEs by separating specific tag codes that

represented three tag-code densities (20, 50, and 80%) within the
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population. To facilitate data collection, the same sticks or tag
codes were programmed to be separated in each replicate of a tag-code
density (e.g., for the 20% tag-code group, the tag codes from sticks
1, 6, 11, 16, 21, 26, 31, 36, 41, and 46 were appended to the computer
database). Regardless of what percentage of tags were separated, REs
and GEs were calculated with all 50 tags. Performance of the
alternative setups (adjustable slide gate and double-read firmware)
was also evaluated using the same three groups of tag codes. From
17 to 27 acceptable trials were conducted with the 20, 50, and 80%
tag-code groups for each of the 3 separation-system setups. Duration
of each trial was read from the computer file and was used to estimate
the number of PIT tags processed per hour.

Fish trials--Both rainbow trout (Oncorhynchus mykiss) and coho
salmon juveniles, whose fork lengths ranged from 50 to 150 mm, were
used in the fish trials. Since untagged fish were included in fish
trials, the duration of each trial had to be timed manually. Around
half of the fish trials were only concerned with REs and developing
test protocols. Test protocols were designed to consider 1) how to
introduce fish to get good orientation through the monitor and to
reduce their tendency to exit in groups, 2) tagged to untagged ratios,
and 3) the number of fish to use per trial (25-50 fish/trial were
tested). Most, but not all of the trials included in the calculation
of REs and GEs, used 50 fish.

For the 20, 50, and 80% tag-code groups, 10, 25, and 40 tagged
fish were used in the 50-fish trials, respectively. The remaining
fish were untagged. Tagged fish were first interrogated with a
hand-held PIT-tag scanner to confirm that their tags were functioning.

Their tag codes were then added to the computer database. The head
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tank was filled and the vertical gate opened before tagged and
untagged fish were combined in the fish holding area. Combined fish
were trapped behind a moveable meshed barrier that prevented them from
swimming out the vertical gate until they had calmed down. The meshed
barrier was then slowly pulled toward the vertical gate until it was
lifted out entirely. Trial time started when the first fish entered
the monitor. After some fish had left the tank volitionally, the
remaining fish were slowly crowded out with the meshed barrier. The
trial was stopped when the last fish had entered the monitor.

After passing through the separation system, the final
destination of individual fish was determined. The actual
distribution was then compared to the theoretical distribution
determined by the computer program. Since this procedure seemed to
work consistently, more fish trials will be conducted in 1994.

Statisticg--One-way ANOVAs were used to analyze baseline RE and
GE data from the original setup. Incomplete factorial ANOVAs were
used to compare the original separation-system setup with the other
two setups. Complete factorial designs could not be used because both
firmwares were not tested with the original gate. Significance was
established at P < 0.05. Significant F values were further analyzed

with Tukey tests.

Results

Stick trials--Most stick trials took approximately 60 seconds to
complete, which was equivalent to a processing rate of approximately
2,500-3,000 tags/hour (Tables 18 and 19). Average REs for the
original setup and for the two alternative separation-system setups
evaluated were all above the NMFS 95% acceptable rate (including the

trials with only 90% REs). Baseline data for the original setup
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Table 18. Number of stick trials, reading efficiency, gate
efficiency, and number of tags processed per hour
from evaluation of the tag-code computer program
using the original setup (slide gate and single-read
firmware) at three tag-code densities. Probability
values are based on one-way ANOVAs.

Original gate and single-read firmware

ag-code nsities

20% 50% 80% P value
Number of trials 26 22 19
Reading efficiency
Mean 97.5 98.1 99.2 0.093
SD (3.0) (2.7) (1.2)
Gate efficiency
Mean 99.3 99.3 99.7 0.491
SD {(1.3) (1.4) (0.8)
Tags/hr
Mean 2,849.3 2,817.5 2,919. 0.530

0
SD (240.3) (362.0) (261.9)
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Table 19. Summary results for evaluations of the tag-code computer program using the
two alternative setups (adjustable slide gate and either single-read (SR)
or double-read (DR) firmware) at three tag-code densities. Number of stick
trials, reading efficiency, gate efficiency, and number of tags
processed per hour are presented.

Adjustable gate and SR firmware Adjustable gate and DR firmware
Tag-code dengities Tag-code densities
20% 50% 80% 20% 50% 80%

Number of trials 22 27 22 17 23 19
Reading efficiency

Mean 97.6 98.1 99.1 99.1 98.3 98.3

SD (2.9) (3.3) (1.7) (1.6) (3.5) (5.0)
Gate efficiency

Mean 97.4 97.8 99.3 99.1 97.5 99.5

SD (2.7) (2.7) (1.4) (1.0) (3.2) (1.1)
Tags/hr

Mean 2838.9 2897.9 2990.0 2793.1 2537.0 2502.0

SD - (347.8) (254.0) (215.9) (398.3) (576.2) (604.8)
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(nonadjustable slide gate and single-read firmware) indicated no
significant differences in REs (P = 0.093), GEs (P = 0.491) or tag
processing rates (P = 0.530) among the 20, 50, and 80% tag-code groups
(Table 18).

At water velocities of approximately 3 m/sec and tag processing
rates of nearly 3,000/hour, there was no difference between
single-read and double-read firmware in terms of RE (P = 0.602)

(Table 20). Since the same PIT-tag monitor was used for all of the
trials, and all of the REs were based on 50 tags, it was not
surprising that we observed no significant differences among REs for
any of the categories. Consequently, RE results for both slide gates
and both firmwares could be combined for the three tag-code densities.
This yielded an average RE of 98.5 + 2.4% (X = SD) at an average
processing rate of 2,796.3 + 404.7 tags per hour.

Initially, the adjustable slide gate opened up more than 45 cm if
a second tag triggered it before it had completely closed. A larger
air supply system and pneumatic cylinder were installed, and they
reduced the frequency of this occurrence. However, the larger
openings resulted in the adjustable slide gate having lower overall
GEs (X = 98.4%) than the nonadjustable slide gate (X = 99.4%).
Although the difference was small, it was significant (P < 0.001)
(Table 20).

However, with the adjustable slide gate, there were no
differences in GEs between single-read and double-read firmware
(P = 0.306). oOut of all single-read firmware stick trials,

14 erroneous tag codes were produced (0.2% of all the tags processed),
but all of these erroneous tag codes were immediately preceded or

followed by correct tag codes. Therefore, both erroneous and correct
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Table 20. Degrees of freedom (df) and probability (P)
values from the incomplete factorial ANOVAs
that compared the three setups of the
separation system for reading efficiency
and gate efficiency. Groupings from the
Tukey analysis on tag-code density are given
below the table.

P wvalues
df Reading Gate
efficiency efficiency

Gate 1 0.953 < 0.001
Firmware 1 0.602 0.306
Tag-code density 2 0.668 0.030
Gate x tag-code density 2 0.980 0.192
Firmware X tag-code density 2 0.267 0.212
Error 186

Tag-code density groupings: 20% 50% 80%



82

tag codes were part of the computer file. The correct tag codes were
processed correctly by the computer program.

Since all of the sticks were PIT tagged, REs were always based on
50 sticks regardless of whether a 20, 50 or 80% tag-code group was
being separated. Consequently, tag-code density did not significantly
affect the overall REs of the three setups (P = 0.668) (Table 20).
However, tag-code density did significantly affect the overall GEs
(P = 0.030). The Tukey test yielded overlapping groups, but also
indicated that the 80% tag-code group was separated more efficiently
than the 50% tag-code group. None of the interaction terms were
significant.

Figh trialg--Too few fish trials were run for the individual
setups to statistically compare REs or GEs. Since the stick trials
did not indicate differences in REs among the different setups
evaluated, all of the fish trials (n = 35) were combined: REs ranged
from 78 to 100% for the fish trials and averaged 92.3 + 6.9% (X * SD).
Since the stick trials demonstrated significant differences among the
GE results, the GE results for the fish trials were not combined.
Therefore, only observational and range results are given. Fish,
especially the larger ones, were observed swimming in the flume
between the monitor and slide gate. This made it possible for fish
programmed to be separated (i.e., their tag codes were in the
database) to miss the gate and for fish not programmed to be separated
to pass the gate. Consequently, GEs were low, ranging from 63 to 92%.

The average processing rate was 1,087.3 * 623.9 fish per hour.

Discussion
The prototype separation-by-code computer program performed well,

proving that it was possible to separate tagged wooden sticks and fish
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based on their specific PIT-tag codes. Although there were some
statistical differences observed among the stick trial results,
average REs and GEs for all three setups at all three tag-code
densities were above 95%.

Daily REs for the stick trials were more consistent after the
shielding was securely fastened in May 1993; however, 2 out of the
65 subsequent trials had REs below 85%. This occasional decrease in
RE for one monitor over a short time period has also been observed at
the Columbia River Basin dams by personnel from the NMFS Sand Point
Electronics Shop. They have not been able to explain this phenomenon.
However, at the dams, this occasional erratic performance causes
little concern because each fish must pass through several PIT-tag
monitors. Therefore, the overall system RE is not affected.

In contrast to the stick trials, the average RE for the fish
trials was below the 95% acceptable rate (92.3%). One possible reason
was that all of the fish trials were evaluated, while before May 1993,
only stick trials with > 90% REs were evaluated. In addition, the
turbulence in the flume affected orientation of fish more than of
sticks. Sticks were introduced into particular troughs of the
corrugated roofing that were close to laminar flow. REs for the
tagged fish would probably be improved by inserting a second monitor,
which would further increase the chances of reading fish when their
orientation was satisfactory.

In the study evaluating the instream model of a juvenile PIT-tag
monitor, the monitor was less efficient at reading tags with a 100%
tagged population (Test-Series A) than with a 20% tagged population
(Test-Series B) because tags would be missed when tagged fish swam

through the monitor in groups (see pages 66-67). To determine whether



84
the 80% tag-code group might exhibit the same tendency of lower REs
relative to the 20% tag-code group, more replicates of both groups
need to be conducted. Since fish rarely remain side by side,
inserting the second dual-coil monitor, as previously suggested, would
probably improve REs for all tag-code densities. A second monitor
would also make the simulated interrogation system more similar to the
existing systems at dams, which typically use eight coils to calculate
system REs.

Individual fish size and the tendency of fish to exit in groups
contributed to the low GEs recorded for the fish trials. Larger fish
tended to remain in the flume above the slide gate longer than smaller
fish, and they consequently missed the gate at a higher rate than
smaller fish.

A previous study showed that darkened flumes increased the GEs of
a basic presence/absence separation system (Achord et al. 1992).
Therefore, lids built for the main flume to reduce RF emissions from
the monitor will be used in future trials. GEs for the tagged fish
might also be improved if the distance between the monitor and slide
gate was shortened because this would reduce the effects of fish
swimming in the flume. A shorter distance is possible with the new
adjustable slide gate because the larger air supply and specialized
pneumatic cylinder make it possible for the gate to be activated
sooner after detection.

Fish could not remain for long periods of time in this PIT-tag
monitor as they could in the instream monitor, and consequently, there
were far fewer erroneous tag codes generated for fish or sticks. This
resulted in no significant difference in performance (REs and GEs)

between the two firmwares in this study.



85

Although few erroneous codes were generated by the single-read
firmware, there is a possibility that a particular erroneous code
could be identical to a correct code. This could seriously undermine
accurate monitoring of fish movement in the Columbia River Basin. On
the other hand, though the double-read firmware is robust with regard
to erroneous codes, it has a slower processing time, which might be a
problem with high water velocities or when attempting to interrogate
adult salmonids swimming at full speed. The Manchester simulation
testing apparatus can presently generate water flows of 3 m/sec, but
at Lower Monument Dam, water flow approaches 4 m/sec. To conduct
tests at water flows of 4 m/sec, we are adding a third pump to our
simulation testing apparatus. More testing will be done with double-
read firmware at these higher velocities before the decision is made
about incorporating this firmware into the interrogation systems at
the dams.

All of these trials processed higher concentrations of PIT tags
per hour than had been recorded at Columbia River Basin dams for a
single day through December 1992 (maximum = 700 PIT tags/day).
However, the number of fish (tagged and untagged) per hour at the dams
can be higher than those used in this study. As demonstrated by
Matthews et al. (1990), these higher concentrations would reduce GEs,
since more untagged fish would be separated along with desired tagged
fish.

When working with fish where fish aggregation and differential
fish sizes can affect results, one must decide how many untagged fish
(or undesired tagged fish) are acceptable to capture and whether it is
acceptable to miss desired PIT-tagged fish. To improve accuracy, it

might be necessary to have primary and secondary separation systems in
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some cases. For example, all PIT-tagged fish could be separated
first, and then the desired PIT-tagged fish could be separated with a
second slide-gate assembly.

The Manchester simulation testing apparatus was of great value in
identifying technical problems associated with the adjustable slide
gate and modifications needed for the separation-by-code computer
program. For example, biologists working with the computer program
indicated that the database capacity needed to be expanded from
20,000 to over one million tag codes, that the slide-gate opening
should be controlled by the computer, and that the computer program
should record the number of times the gate opens during a trial.

These last two features and others are included in the electronic gate
controller that is scheduled to be evaluated in 1994. The simulation
testing apparatus will also be used to test whether using reverse

wrappings of the coils, which theoretically would significantly reduce

RF emissions, would affect the RE of a PIT-tag monitor.

Summary, Conclusions, and Recommendations

1. A prototype computer program that can separate tagged fish based
on their specific PIT-tag codes was evaluated. Initially, the
separation system was set up with the standard components
(single-read firmware and a nonadjustable slide gate) used at the
dams. With this setup, the computer program was tested by
separating specific tag codes that represented three tag-code
densities (20, 50 and 80%) within the population. Following
these tests, two modifications to the separation system (an
adjustable slide gate and double-read firmware) were evaluated

with the same computer program.
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To evaluate the separation-system setups, a testing apparatus
that simulated a portion of a juvenile fish bypass/collection
facility was constructed at Manchester Field Station.
Inconsistent PIT-tag reading efficiencies (REs) were a recurring
problem until May 1993, when the problem was reduced by better
securing the top of the monitor's RF shield.

The separation-by-code computer program performed well, proving
that it was possible to separate tagged wooden sticks and fish
based on their specific PIT-tag codes.

All of the REs and GEs were above 95% for the stick trials at
each of the three tag-code densities (20, 50, and 80%) for all
three setups of the separation system.

The adjustable slide gate had a tendency to open up more than its
set distance if it was triggered by a second tag before it had
completely closed. The larger openings resulted in a lower
overall GE for the adjustable slide gate (X = 98.4%) than for the
nonadjustable slide gate (X = 99.4%). Although the difference
was small, it was significant (P < 0.001).

There was no significant difference in performance between
single-read and double-read firmware at water velocities of

3 m/sec. The single-read firmware did generate some erroneous
tag codes, while none were generated by the double-read firmware.
These results favor replacing the single-read firmware with the
double-read firmware, but we recommend that additional tests be
conducted with fish at higher velocities before using double-read
firmware in the Columbia River Basin.

In contrast to the stick trials, the average RE for fish trials

was below the 95% acceptable rate. The REs ranged from 78 to
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100% for the fish trials and averaged 92.3 * 6.9%. The GEs were
low, ranging from 63 to 92%, because fish, especially the larger
ones, were observed swimming in the flume between the monitor and
slide gate. These problems can be reduced by a) increasing the
number of monitor coils from two to four, b) increasing the
distance from the head tank to the first monitor coil,
c) decreasing the distance from the last monitor coil to the
slide gate, and d) increasing water velocity. These
recommendations are not only applicable to the Manchester testing
apparatus, but to present and future juvenile collection

facilities within the Columbia River Basin.
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Fixed-Reference Tag

The ability to determine the operational status of each
excitation/detection coil of a PIT-tag interrogation system on a daily
basis is important from a data integrity and systems reliability
standpoint. NMFS Sand Point Electronics Shop personnel developed a
fixed-reference tag that provides operational status information on an
hourly basis. Each fixed-reference tag is attached to an
excitation/detection coil, which supplies it with power. However, the
fixed-reference tag operates independently and transmits a unique tag
code. The transmitted code becomes part of the permanent computer
file, which then provides a record if a problem were to occur.
Prototype fixed-reference tags were successfully tested both in the
NMFS Sand Point Electronics Shop and in the field. The tags are now
being manufactured and will be installed into all of the permanent
PIT-tag Columbia River Basin interrogation systems prior to the 1994

field season.
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INVESTIGATIONS OF TAGGING EFFECTS

Vulnerability of Marked Steelhead
to a Visually Hunting Predator in Clear Water

Introduction

Marking is a common strategy for identifying individual or groups
of fish for research, and it is usually assumed that marked fish are
representative of the population. This assumption is based on the
belief that marking does not adversely affect fish. However, a number
of studies have shown that marked fish have long-term survival rates
that are significantly lower than those of their unmarked cohorts
(Saunders and Allen 1967, Bergman 1968, Lister et al. 1981, Berg and
Berg 1990, Blankenship and Hanratty 1990, McFarlane and Beamish 1990).
Thus, there is sufficient evidence to substantiate the assumption that
fish can be affected by marking.

The relationship between marking and reduced survival may be
explained by injury, infection, or increased susceptibility to
predation caused by the marking process. Marking can increase
vulnerability to predation by reducing growth, inducing trauma,
altering behavior, or increasing conspicuousness. Bergman (1968),
McFarlane and Beamish (1990), and Prentice et al. (1993) demonstrated
that marking can reduce growth. Since there is a direct relationship
between size and burst-swimming speed (Bainbridge 1960, Alexander
1970), any reduction in growth due to marking would be expected to
constrain a fish's ability to escape predators.

Growth reduction can also prolong vulnerability to predation by
increasing the time during which the fish fits within its predator's
gape. Field and laboratory studies have shown that smaller fish are
more vulnerable to predators, and once a specific size is reached,

fish become invulnerable to certain size-classes of predators (Parker
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1971, Patten 1977, Hargreaves and LeBrausser 1986, Post and Evans
1989).

By inducing trauma or stress, marking can reduce an animal's
ability to detect and flee from predators. Sigismondi and Weber
(1988) showed that handling stress alone reduced the response time for
predator avoidance in chinook salmon. If the marking process induces
abnormal schooling or swimming behavior, then marked fish may become
more attractive to predators that use visual cues.

External marks such as fingerling tags, Carlin tags, and freeze
brands that are designed to be visually conspicuous to facilitate data
recovery, may further attract predators. Endler (1983) demonstrated
with guppies, and Zaret (1972) with daphnia, that visual
conspicuousness of external morphology is directly related to
predation. This may explain why Lawler and Smith (1963) found that
conspicuously tagged perch (Perca flavescens) had lower survival than
inconspicuously tagged perch.

To investigate whether marking trauma or mark conspicuousness
increased predation on age-0 steelhead by age-2 steelhead, we tested
the following three null hypotheses: 1) marked and unmarked fish are
equally vulnerable to predation, 2) fish with all mark types are
equally vulnerable to predation, and 3) fish with visually conspicuous
(external) and inconspicuous (internal) marks are equally vulnerable
to predation. We tested these hypotheses with steelhead in five
treatments consisting of unmarked control fish, internally marked
coded-wire (CW)-tagged fish (Jefferts et al. 1963), internally marked
PIT-tagged fish (Prentice et al. 1990b), externally marked
freeze-branded fish (Mighell 1969), and externally marked fingerling-

tagged fish (Floy FT-69 tags).
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Materials and Methods

This study was conducted in September and October 1990 at the
NMFS Big Beef Creek Field Facility. Each week for 3 weeks, 240 age-0
steelhead were netted from a parent population, anesthetized in
tricaine methanesulfonate (MS-222) and randomly assigned to one of
five marking treatments: unmarked (controls), CW tagged, PIT tagged,
freeze branded, or fingerling tagged. Fish were marked appropriately
and their fork lengths measured to the nearest millimeter on an
electronic digitizer board. Three fish from each treatment were then
placed in 16 pails (20 L) for a total of 15 fish/pail and
16 replicates/week. Treatment fish were subsequently maintained until
testing in the covered pails with a flow of denitrified and aerated,
10°C well water. Average fork length of age-0 steelhead prey was
68.7 £ 5.6 mm (X * SD).

The 48 trials (16/week x 3 weeks) were conducted under natural
daylight conditions in four dark-green 2.4-m diameter fiberglass tanks
that held approximately 3,000 L. Tanks were supplied with clear,
flowing, denitrified, and aerated well water at 10°C. Tests were
‘initiated 3, 4, 5, or 6 days after marking by placing one age-2
steelhead predator in each tank. Thirty minutes later, the 15 age-0
prey steelhead from a single holding pail were poured into the tank
and challenged to survive predation by the age-2 steelhead. After
24 hours, the predator and any remaining prey were removed and
surviving prey were identified.

The eight predatory steelhead were proven cannibals in excellent
condition, with fork lengths averaging 288 + 14.3 mm. These predators
were used an average of six times and were starved for at least 1 day

before being reused in another trial.
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Statistical comparisons between treatments were made with
contingency table analysis, following the methods of Zar (1974) and
Denenberg (1976) for count data. Significance was established

at P < 0.05.

Results

The percentage of unmarked age-0 steelhead cannibalized was only
about half that observed for each of the other four treatments.
Significantly more marked (19.4 to 21.3%) than unmarked (10.4%) age-0
fish were eaten by predatory age-2 steelhead (P = 0.01) (Table 21).
There was no significant difference in the number of fish eaten among
the four individual mark types (P = 0.982).

When internal (PIT and CW tags) and external (fingerling tags and
freeze brands) marks were compared to examine the effect of tag
conspicuousness, there was no significant difference in the numbers of
internally and externally marked fish consumed (P = 0.916). There was
also no significant relationship between tagging treatment and number

of days post-tagging on which a trial was conducted (P = 0.898).

Discussion
In the experiment, steelhead with internal and external marks
were preyed on similarly, suggesting that mark conspicuousness is not
crucial in the laboratory setting. However, as Lawler and Smith
(1963) documented for perch, mark conspicuousness may be important
under field conditions. The unnatural uniformly colored background,
clear water, and unstructured habitat of our test tanks may have
increased conspicuousness of the entire fish over that of the tag.
Since tag conspicuousness apparently did not affect prey survival

in this study, some other aspect of antipredator behavior must have
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Table 21. Summary results from 48 trials of marked and unmarked
(control) age-0 steelhead challenged to survive
predation by age-1 steelhead in clear water.

Treatment
Unmarked CW PIT Fingerling Freeze
tagged tagged tagged branded

Number of

fish tested 144 142 141 144 144

Number of fish

preyed on 15 28 30 29 28

Predation

rate (%) 10.4 19.7 21.3 20.1 19.4
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been reduced by marking. A common element in all four marking
- procedures was the tissue wounding induced by puncture during CW
tagging, PIT tagging, and fingerling tagging, or by burning during
freeze branding. It is possible that tissue trauma may have resulted
in leaching of body chemicals having a predator-attracting odor.
However, steelhead, like most other salmonids, are primarily
visually-hunting predators (Fauch 1991). Therefore, we hypothesize
that the physiological trauma associated with tagging induced changes
in prey behavior (e.g., decreased predator awareness and escape
velocities, abnormal swimming behavior, etc.) that increased their
vulnerability to predators.

The observed increased predation on marked steelhead may help
explain some of the decreases in post-release survival reported in
numerous field studies. For instance, Saunders and Allen (1967) found
that Atlantic salmon (Salmo salar) tagged with modified Carlin tags
had a lower survival rate than their fin-clipped cohorts, and that the
survival of both mark types was lower than that of unmarked fish.
Similarly, outmigrating coho salmon (Oncorhynchus kisutch) that were
trapped in a weir, CW tagged, and released were found to have survival
rates 14 to 16% lower than unhandled controls (Lister et al. 1981,
Blankenship and Hanratty 1990). Other studies with CW-tagged (Bergman
1968) and Carlin-tagged (Berg and Berg 1990) salmonids have similarly
shown that both of these tag types reduced marine survival. This
negative effect on survival of tagging is not limited to salmonids.
McFarlane and Beamish (1990) found that anchor tags decreased the in
situ survival of sablefish (Anoplopoma fimbra).

This study suggests that a primary mechanism affecting

post-release survival of marked salmonids may be increased
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vulnerability to predation due to changes in prey behavior. We

believe the conservative approach is to assume that marking affects

all aspects of fish biology until experimentally demonstrated

otherwise.

Mark and recapture experiments, as well as any experiments

comparing tagged and untagged fish, must statistically correct or

include adequate control groups (unhandled and untagged, handled and

untagged) to accurately measure differences in survival between marked

and unmarked cohorts.

Otherwise, attributing characteristics observed

in tagged fish to the main population, or to any untagged fish, may be

misleading.

Summary, Conclusions, and Recommendations

1.

We investigated whether marking trauma or mark conspicuousness
increased predation on age-0 steelhead by age-2 steelhead in
clear water.

Significantly more marked (19.4 to 21.3%) than unmarked (10.4%)
age-0 fish were eaten by age-2 steelhead predators. Although
steelhead are predators that use visual and not olfactory cues,
fish with internal or external marks were preyed on in equal
numbers. This suggested that mark conspicuousness is not
crucial in the laboratory setting.

Our study suggested that a primary mechanism affecting
post-release survival of marked fish may be increased

vulnerability to predation due to changes in prey behavior.
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Vulnerability of Marked Steelhead to Steelhead Predators
in Tinted Water and Squawfish Predators in Clear Water

Introduction

Based on the results of the 1990 predation study, two experiments
were initiated in 1991 to further examine the effects of tag-induced
changes in prey behavior and tag conspicuousness on predation. These
experiments were conducted using the same general approach as in the
1990 predation study, and the same five marking treatments: unmarked
(controls), CW-tagged, PIT-tagged, freeze-branded, or fingerling-
tagged steelhead. In one predation experiment, steelhead predator and
prey were tested in tinted water. To test variation due to predator
species, northern squawfish (Ptychocheilus oregonesis) were tested

with steelhead prey in clear water.

Materials and Methods

Except for the following minor changes, the same equipment and
procedures as described in the 1990 study were used (see page 92).

Steelhead in tinted water--Blue, 1.8-m-diameter tanks that held
approximately 1,650 L were used instead of the larger (3,000 L) green
tanks used in the 1990 study. To color the water, 21 g of humic acid
were stirred into the tanks for 5 minutes before any fish were added.
In order to maintain a constant tint, this experiment was run under
static conditions. Eighty trials (16/week x 5 weeks) were conducted
during April and May 1991 with the same steelhead predators used
previously in the 1990 study. Over the 5 weeks, four trials had to be
eliminated for different reasons.

Squawfigh in clear water--The predators used in this experiment
were northern squawfish. The number of tanks was increased from four

to six. As above, the 1,650-L blue tanks were used, but here they
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were supplied with clear, 10°C, flowing well water. Seventy-two
trials (24/week x 3 weeks) were conducted during March 1992. Due to
the overall low consumption of prey steelhead by the squawfish, the
test procedure was changed in April. The numbers of predators and
prey were increased from 1 to 6 and from 3 to 10, respectively. Two
beige 4-m-diameter tanks that held approximately 12,500 L were used
instead of the smaller tanks, and the trial duration was increased to
48 hours. Eight trials (8/week x 1 week) were conducted during the
first week of April.

Predation data were analyzed using randomized block ANOVAs with
each tank treated as a block. Significance was established at

P < 0.05.

Results

Steelhead in tinted water--Average fork length of the age-0
steelhead prey was 83.5 = 4.2 mm (X + SD). The fork lengths of the
age-2 steelhead predators were not measured; however, these were the
same fish used in the 1990 experiment. 1In tinted water, there was not
a significant difference between the percentages of marked (16.5 to
20.4%) and unmarked (18.8%) age-0 steelhead consumed (P = 0.631)
(Table 22). When internal and external marks were compared to test
the effect of tag conspicuousness on predation, there was no
significant difference in the percentages of prey eaten (P = 0.550).

Squawfish in clear water--Average fork length of the age-0
steelhead prey was 75.6 * 5.9 mm. The squawfish varied widely in
size, ranging from approximately 250 to 450 mm. At least half of the
study squawfish were less than 350 mm. Overall predation rates were
low whether one (1.0-3.5%) or six (6.3-12.5%) squawfish were used

(Tables 23 and 24). There was no significant difference among the
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Table 22. Summary results from 76 trials of marked and unmarked
(control) age-0 steelhead challenged to survive
predation by age-1 steelhead in tinted water.
Probability value is based on a randomized-block ANOVA.

Treatment
Unmarked CW PIT Fingerling Freeze
tagged tagged tagged branded
Number of
fish tested 229 230 227 231 231
Number of fish
preyed on 43 47 43 43 38
Predation
rate (%) 18.8 20.4 18.1 18.6 16.5

F (4,75) = 0.645 P =0.631
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Table 23. Summary results from 72 trials of marked and unmarked
(control) age-0 steelhead challenged to survive
predation by one northern squawfish in clear water.
Probability value is based on a randomized-block ANOVA.

Treatment
Unmarked CW PIT Fingerling Freeze
tagged tagged tagged branded
Number of
fish tested 288 288 287 288 288
Number of fish
preyed on 7 9 3 7 10
Predation
rate (%) 2.4 3.1 1.0 2.4 3.5

F (4, 71) = 1.397 P = 0.235



101

Table 24. Summary results from 8 trials of marked and unmarked
(control) age-0 steelhead challenged to survive
predation by six northern squawfish in clear water.
Probability value is based on a randomized-block ANOVA.

Treatment
Unmarked CW PIT Fingerling Freeze
tagged tagged tagged branded
Number of
fish tested 80 80 80 80 80
Number of fish
preyed on 8 9 6 10 5
Predation
rate (%) 10.0 11.3 7.5 12.5 6.3

F (4,7) = 0.664 P = 0.622
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percentages of marked and unmarked age-0 steelhead eaten by one
(P = 0.235) or six squawfish (P = 0.622). Tag conspicuousness did not
affect the percentage of prey eaten whether one (P = 0.344) or six

(P = 1.000) predator squawfish were tested.

Discussion

Steelhead in tinted water--In tinted water, predation by
steelhead on unmarked prey increased to the same level recorded for
marked prey in both this experiment and in the 1990 clear-water
experiment. This result suggested that the steelhead predators were
unable to visually distinguish and target marked prey in the tinted
water, but rather consumed fish as they randomly swam into them. It
also reconfirmed the hypothesis that steelhead primarily use visual
and not olfactory cues for locating and attacking prey (Fauch 1991).
If steelhead predators were able to sense chemicals released from the
marking lesion, then marked fish would be expected to be consumed at a
higher rate than unmarked prey in the tinted water. Since this was
not the case, these results support the previous hypothesis that
visually hunting predators are attracted by a change in prey behavior
induced by the physiological trauma of marking. Since clear water
more closely resembles natural water than does tinted water in most
cases (the Snake River is one exception), this probably helps explain
the lower survival of marked fish reported in many field studies
(Saunders and Allen 1967, Bergman 1968, Berg and Berg 1990,
Blankenship and Hanratty 1990).

Squawfish in clear water--Squawfish in clear water did not
discriminate between marked and unmarked age-0 steelhead prey. They
consumed prey differently than steelhead predators in clear water, but

similar to steelhead predators in tinted water. However, in general,
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the northern squawfish were less active predators than the age-2
steelhead. This might be explained by the low water temperature
(10°C) and small size of several squawfish predators.

Examining the relationship between temperature and consumption
rates for squawfish, Vigg and Burley (1991) determined squawfish
consumed on average only one juvenile salmon per day until water
temperatures rose above 15°C. Although squawfish start feeding on
salmonids at 250 mm, fish do not become the predominant component of
their diet until they reach 350 mm (Poe et al. 1991). It has also
been observed that they appear to prefer moribund or stunned juvenile
salmonids as prey (Donn Park, Biomark Inc., 3653 Rickenbacker, Suite
200, Boise, Idaho 83705, Pers. commun. March, 1992.). In contrast, we
have observed steelhead predators shorter than 300 mm consuming
numerous healthy juvenile salmonids in a few minutes in 10°C water.
Thus, squawfish under these laboratory conditions were probably not
the best choice as an alternative predator. Perhaps using warm-
blooded predators (e.g., birds) that consume fish at high rates would
have been a better choice. Piscivorous birds have been used
successfully by others in juvenile salmonid predation experiments

(e.g., Wood 1986, Donnelly and Whoriskey 1991).



104

Summary, Conclusions, and Recommendations

1.

In tinted water, there was no significant difference between the
percentages of marked (16.4 to 20.8%) and unmarked (18.8%) age-0
steelhead eaten by age-2 steelhead predators. This suggested
that the steelhead predators were unable to visually distinguish
and target marked prey in the tinted water, but rather that they
consumed fish randomly, as they swam into them. The results
suggested that water turbidity can play an important role in
predation. '

The squawfish predators ranged in size from 250 to 450 mm.
Overall predation rates were low whether one (1.0-3.5%) or six
(6.3-12.5%) squawfish were used. There was no significant
difference between percentages of marked and unmarked age-0
steelhead eaten when one or six squawfish were used as predators
in clear water.

Squawfish were less active predators than the steelhead in this
study. Possible explanations for this observation include:

a) the consumption rate of squawfish was depressed by low water
temperatures, and b) salmon are not a predominant diet component
for squawfish less than 350 mm in length.

In the future, piscivorous birds should be considered for the
role of predator. Birds can consume juvenile salmon at high

rates and have been successfully used by other investigators.
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Comparative Overwinter Survival of
Tagged and Untagged Juvenile Coho Salmon

Introduction

This study was conceptualized when data estimating overwinter
(parr-to-smolt) survival rates from migrants trapped at weirs and from
recovery of PIT-tagged salmonid migrants at Lower Granite Dam were
presented at the 1989 Spring Chinook Salmon Workshop (Petrosky 1990).
Overwinter survival rates from migrants trapped at weirs were
approximately 30% for fish from the Salmon and Crooked Rivers
(tributaries of the Snake River), but PIT-tagged smolts yielded only
2-4% recovery rates at Lower Granite Dam.

Some attendees questioned whether PIT tagging could be
responsible for the surprisingly low numbers of wild salmonids
interrogated at Lower Granite Dam. However, this large reduction in
survival contrasted with the findings on PIT-tagged salmonids that
were maintained in captivity through maturity: these studies showed
similar or only slightly lower survival rates for PIT-tagged salmon
compared to untagged salmon (Prentice et al. 1987, 1993). Studies
with other tags have shown that capture and tagging generally reduced
natural survival by 10-20% over the complete life cycle (Bergman 1968,
Berg and Berg 1990, Blankenship and Hanratty 1990, McFarlane and
Beamish 1990). Therefore, we hypothesized that the extremely low
survival of wild juvenile PIT-tagged chinook salmon and steelhead from
the Snake River and its tributaries might be due to either 1) natural
low overwinter survival or 2) the manner in which the tagged fish were
captured, held, and released rather than the application or presence
of PIT tags.

A study was designed to test whether tagged juvenile fish had

lower overwinter survival than untagged fish in a natural stream
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habitat by determining how PIT tags, CW tags, visual-implant-
fluorescent (VIF) tags, and select combinations of these tags affected
overwinter survival, smolt migration, and growth of juvenile coho
salmon. Secondary questions examined were 1) did double tagging
affect fish more than single tagging and 2) did PIT tagging affect
fish more than CW tagging. As in most field studies, it was assumed

that differences in recovery represented differences in survival.

Materials and Methods

The study was conducted in Heins Creek near Bremerton, Washington
(Fig. 13). The creek is a 3.4-km-long coastal stream that drains
Alexander Lake into Gorst Creek, which then drains into Puget Sound.
In its lowest reaches, natural and artificial barriers prevent
anadromous fish from migrating upstream. Consequently, there were no
coho or chinook salmon populations in the upper stream where the study
was conducted. However, the stream and lake above the barriers
contain good salmon rearing habitats as evidenced by the large
population of nonanadromous cutthroat trout (Oncorhynchus clarki).

In December 1991, two juvenile collection weirs with traps were
installed on Heins Creek (Fig. 13). The upstream weir was located
approximately 1.1 km below the lake outlet (a small dam) and the
downstream weir another 0.4 km below that. The weir traps captured
all emigrating fish except for a l-week period (25 January-2 February)
during a winter flood.

On 26 December 1991 and 23 January 1992, yearling coho salmon
parr from the WDF Minter Creek Hatchery were trucked to the study site
and maintained for 1-2 days in a 2,000-L tank supplied with oxygen.
The fish were randomly assigned to one of five treatments (untagged,

PIT-tagged, CW-tagged, CW+VIF-tagged, and CW+PIT-tagged). The
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2,500 fish obtained in December had their fork lengths measured to the
nearest millimeter, were tagged appropriately, and then were released
at two stream sites. The uppermost release site was located just
below the dam, while the second site was about 0.25-km downstream from
the dam. The 1,250 fish obtained in January were measured and tagged
appropriately before being released into the lake. Combining the fish
released in December and January, all five treatments were equally
represented, with 250 fish/treatment being released at each site.

PIT-tagging procedure and electronic data entry techniques
followed the methods described by Prentice et al. (1990a, 1990b). The
CW-tagging procedure followed the methods described by Jefferts et al.
(1963). The CW-tagged fish were adipose fin clipped so that they
could be visually distinguished from untagged treatment fish. The
fluorescent-orange-monofilament VIF tag was inserted into the adipose
eyelid with a modified Mark IV CW-tagging machine (according to the
protocol of the manufacturer, Northwest Marine Technology, Olympia,
Washington) .

Release sites were distinguished for the tagged fish by the
individual codes of the PIT tags and sequential CW tags, and position
of the VIF tags. Full-length VIF tags were inserted in the right
adipose eyelid for the upper stream site and left eyelid for the lower
stream site, and half-length tags were inserted in the right eyelid of
lake-released fish. The manufacturer did not think the half-length
tags would perform as well as the full-length tags in this size fish,
so if necessary, the CW tag present in the CW+VIF-tagged fish was used
to verify identification.

Relative overwinter survival of fish in each treatment was

estimated by juvenile salmon recoveries at the lower trap during smolt
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migration and by electrofishing surveys of the stream and lake in the
summer. The two weir traps were checked once a day during the study.
When fish were recaptured at the upper trap, their tag treatment was
either identified visually (CW tagged, VIF tagged, or untagged) or
electronically (PIT tagged). The fish were then released to continue
downstream. Unfortunately, the hand-held PIT-tag scanner
malfunctioned during the first week of smolt migration, and thus we
had to rely on data from fish recovered and removed at the lower trap.
Fish recovered at the lower trap were sacrificed and then taken back
to the laboratory where fork lengths were measured to the nearest
millimeter. They were then dissected to get positive identification
of their treatments through tag decoding. Coho salmon that were not
fin clipped and lacked PIT tags after dissection were considered to be
untagged treatment fish.

In July 1992, after the smolt migration had ended, the stream
above the lower weir was electrofished to recover any resident coho
salmon. In August 1992, an electrofishing boat was used to recover a
representative sample of coho salmon that had taken up residence in
Alexander Lake. The boat made repeated passes until the surface of
the lake had been fished three times.

Recovery data were analyzed with contingency table analyses (Zar
1974). Length data were analyzed with one-way ANOVAs and t-tests. An
independent t-test was used to compare the migration times from the
upper to lower trap for PIT-tagged and CW+PIT-tagged fish.
Significance was established at P < 0.05. Significant F values were

further analyzed with Tukey tests.
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Results

When the fish were tagged, average fork lengths were not
significantly different among the five treatments (P = 0.096)

(Table 25). However, the second batch of fish that were released into
the lake (109.7 * 8.2 mm; X * SD) was significantly smaller than those
released into the upper (114.4 + 10.7 mm) and lower (113.6 % 10.2 mm)
stream sites (F = 84.20; P < 0.001). Approximately 15% (n = 386) of
the fish released at the two stream sites were captured at the lower
trap within 2 weeks after they were released (Table 26). The five
treatments (P = 0.122) and all sizes of fish (F = 1.29; P = 0.271)
were equally represented among the fish captured at the weirs. There
was little displacement (n = 4) of resident cutthroat trout after the
study fish were added to the stream and no similar movement of study
fish or displacement of trout after coho salmon were released into the
lake. The juvenile coho salmon that left the study area during
January were omitted from the recovery results as they did not
experience overwinter conditions.

After overwintering in the study area, most of the study fish
recovered were smolt migrants; only a few residents were recovered
during electrofishing (Table 27). When electrofishing the stream,
approximately 1,400 cutthroat trout were surveyed. 1In addition,

19 coho salmon that had established residence in the stream were
recovered. The lake survey only recovered 10 coho salmon; however,
there were a few deep sections in the lake where fish could have
avoided being stunned by the electrofishing equipment.

Recovery rates for the five treatment groups ranged from 11.0 to

13.6% and were not statistically different (P = 0.577) (Table 27).
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Table 25.

Mean fork lengths (mm) of the coho salmon juveniles
tagged in December 1991 and January 1992.

Probability value is based on a one-way ANOVA.

Untagged CW

PIT CW+VIF CW+PIT
tagged tagged tagged tagged
Fork lengths
Mean 112.9 112.8 112.8 112.7 111.7
SD ( 9.9) (10.0) ( 9.8) (10.3) ( 9.9)

F(4, 3749) = 1.972 P = 0.096
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Table 26. Summary of the number of coho salmon juveniles
released, number captured at the lower weir
during January 1992, and the number of
smolts overwintering in Heins Creek, Washington.
Probability value is based on contingency
table analysis examining whether fish from all
treatments were equally captured in January.

Untagged CW PIT CW+VIF CW+PIT
tagged tagged tagged tagged

Number

released 754 752 746 751 751
Number captured

during January 87 75 85 80 59
Number

overwintering 667 677 661 671 692

All treatments: x* = 7.27 P = 0.122
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Table 27. Smolt recovery results for coho salmon that
overwintered in Heins Creek, Washington.
Probability values are based on contingency
table analyses.

Untagged CW PIT CW+VIF CW+PIT
tagged tagged tagged tagged

Number
overwintering 667 677 661 671 692

Number recovered
at lower weir 85 76 67 70 80

Number recovered
electroshocking 6 5 7 4 7

Overall percent
recovered 13.6

[
=
[e]

12.6

=
[N

.0 11.2

0.577
0.168
0.854
0.660

All treatments: 2.89
Tagged vs. untagged:
Single vs. double tagged:

CW vs. PIT tagged:

0.03
0.19

ooy d
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When the tagged treatment data were pooled, more untagged (13.6%) than
tagged (11.7%) fish were recovered, but the difference was
insignificant (P = 0.168). The recovery percentage of double-tagged
fish (11.8%) was not significéntly larger than that of single-tagged
fish (11.6%) (P = 0.854). Recoveries of PIT-tagged (11.2%) and
CW-tagged (12.0%) fish were not significantly different (P = 0.660).
Significantly more fish were recovered from the lake release site

142) than from either the upstream (n = 91) or downstream

(n

(n = 82) release sites (y* = 19.95; P < 0.001).

During smolt migration (27 March-1 July), the average migration
times for the five treatments were not significantly different from
each other: they ranged from 113.1 calendar days for the
CW+VIF-tagged fish to 116.7 calendar days for the CW+PIT-tagged fish
(F =1.80; P =0.128) (Fig. 14). The CW+PIT-tagged smolts from all
three release sites were consistently among the last of the four
tagged groups to migrate. Lake smolts from the four tagged groups

combined migrated on average significantly later (X = 118.2 calendar

days) than smolts migrating from the lower stream (X = 112.5 calendar

1

days) (F 7.73; P < 0.001). The timing of the upper stream smolts
(X = 115.5 calendar days) overlapped with that of the two other
groups. The PIT-tagged and CW+PIT-tagged fish averaged 3.8 days and
4.3 days, respectively, for migrating between the upper and lower
weirs. A t-test indicated these times were not significantly
different (t = 0.570; P = 0.572).

Mean fork lengths of the recovered fish among the five treatment
groups ranged from 139.6 to 142.6 mm and were not significantly

different (P = 0.850) (Table 28). Nor were there significant

differences when the length data were pooled to test the experimental
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Table 28. Summary of fork-length (mm) data for the coho
salmon smolts recovered at the lower weir.
Probability values are based on ANOVAs and t tests.

Mean fork Standard

length deviation
Untagged 142.4 (18.8)
CW-tagged 142.6 (19.0)
PIT-tagged 141.9 (19.0)
CW+VIF-tagged 141.7 (18.9)
CW+PIT-tagged 139.6 (18.9)
Tagged 141.4 (18.9)
Single-tagged 142.2 (18.9)
Double-tagged 140.6 (18.9)
Lake-released 150.8 (12.4)
Upper-stream-released 148.4 (12.4)
Lower-stream-released 117.6 (12.4)
All treatments: F = 0.341 P = 0.850
Tagged vs. untagged: t = 0.473 P = 0.637
Single vs. double tagged: t = 0.773 P = 0.440
CW vs. PIT tagged: t = 0.235 P = 0.815

Release site: F = 207.924 0.001

v
A
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comparisons of tagged versus untagged fish (P = 0.637), single- versus
double-tagged fish (P = 0.440) and PIT- versus CW-tagged fish

(P 0.815). Fish recovered from the lower-stream release site

(X = 117.6 mm) were significantly shorter than those recovered from
the lake (X = 150.8 mm) or upper-stream (X = 148.4 mm) sites
(P < 0.001).

The double-tagged groups yielded information on tag loss. Most
of the tags lost were the half-length VIF tags (n = 25). Otherwise,
there were 17 full-length VIF tags, 4 CW tags, and 1 PIT tag lost.

Discussion

The percentage of coho salmon recovered in this study
(11.0-13.6%) was lower than anticipated (30%), based on reported parr-
to-smolt survival for chinook salmon migrants trapped in river weirs
as they left the upper Salmon River or Crooked River (Petrosky 1990)
and the overwinter survival in nearby Big Beef Creek of PIT-tagged and
CW-tagged coho salmon, which ranged from 22.6 to 41.8% in a 2-year
study (Appendix A). Most likely a large number of coho salmon were
carried below the smolt traps during the last week of January when two
winter storms flooded the stream and enabled fish to bypass the traps.
Other factors that could have contributed to the low recovery rates
were natural mortality, inefficient electrofishing, and fish removal
by vandals (this occurred at least once). Since absolute survival
rates could not be determined, overwinter survival for tagged and
untagged salmon was examined using relative recovery data.

PIT-tagged and CW-tagged fish had similar recovery rates in this
study. Post-release recovery rates of PIT-tagged and CW-tagged fish
were also similar to rates observed in studies conducted with coho

salmon at Skagit Hatchery (see page 132) and Big Beef Creek
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(Appendix A). Therefore, we concluded that PIT tags affect in situ
survival no more than CW tags. In addition, there was no difference
between the performances of single- and double-tagged fish.

The percentage of untagged coho salmon recovered was 13.6% and
the percentage for PIT-tagged fish was 11.2%; this was a 17.7%
relative reduction in apparent overwinter survival for PIT-tagged fish
(Table 27). However, if the CW+PIT-tagged fish are included, the
percentage of PIT-tagged fish recovered is 11.9% for an 12.5%
reduction. Furthermore, since some of the untagged salmon recovered
might have been single-tagged fish that lost their PIT tags, the
difference in recovery rates might be even less than was apparent from
the data. The 12.5-17.7% reduction in survival is similar to other
comparisons (10-20%) between tagged and untagged wild or captive fish
(Saunders and Allen 1967, Bergman 1968, Lister et al. 1981, Berg and
Berg 1990, Blankenship and Hanratty 1990, McFarlane and Beamish 1990,
Prentice et al. 1993). Thus, we conclude that tagging will generally
reduce survival of salmon in the natural environment. However, these
reduced survival levels (10-20%) are much smaller than the large
decrease (from 30% to 2-4%) previously discussed. In that case, that
decrease had been potentially attributed to PIT-tagging wild salmon in
the Snake River tributaries (Petrosky 1990).

PIT tagging may be responsible for some of the reduction in
survival of Snake River fish, but it appears that most of the observed
low (2-4%) survival of PIT-tagged fish must either be due to the
manner in which fish were captured and released or to natural
mortality. Electrofishing, a common method used to collect wild Snake
River salmon, is known to induce physiological stress and abnormal

behavior, and sometimes to reduce survival (Schreck et al. 1976, Mesa



119

and Schreck 1989). Furthermore, Snake River fish are typically held
only a short time (a few hours) after tagging before they are released
back into the wild. Holding the fish for a few weeks after tagging
can improve survival rates by around 10% (see pages 132,135).

Although this study indicated a 12.5-17.7% difference between survival
of PIT-tagged and untagged fish, harsher winter conditions are found
in Snake River tributaries than in Heins Creek, and these harsh
conditions may disproportionately reduce survival of PIT-tagged and
untagged fish.

The later migration by lake smolts than by smolts initially
released at the lower stream site may have simply reflected the
difference in distance the two groups had to travel. The
CW+PIT-tagged group was consistently the last group to migrate from
all three sites. Since the difference was only a few days, this
probably does not have any biological significance.

Heins Creek is a small creek and electrofishing revealed that it
had a cutthroat population of approximately 1,400 fish. We added
2,500 fish to this creek, which might have exceeded the creek's
carrying capacity. This may explain why 386 of the released fish were
unable to establish themselves within the study area, but left it
immediately (probably seeking homes farther downstream). Alexander
Lake appeared to have a higher carrying capacity, as no study fish
exited immediately after their release into the lake, and as the
lake-released fish, which were originally significantly smaller, were
larger than fish released into the creek at the end of the study. In
addition, significantly higher numbers of tagged fish were recovered

from the lake than from the stream.



120
The different tags appeared to function satisfactorily in this
study. The high loss of VIF tags was primarily the result of our
decision to use half-length tags to distinguish the lake-released
fish, in spite of the manufacturer's advice not to use half-length

tags in fish this size.

Summary, Conclusions, and Recommendations

1. This study tested whether tagged juvenile coho salmon had lower
overwinter survival in a natural stream than untagged fish.

2. Juvenile coho salmon were randomly assigned to one of five
treatments (untagged, PIT-tagged, CW-tagged, CW+VIF-tagged, and
CW+PIT-tagged) and released into Alexander Lake and two sites in
Heins Creek. Smolt traps were installed to capture emigrating
fish. When the fish were tagged, average fork lengths were not
significantly different among the five treatments. However, the
group of fish released into the lake was significantly smaller
than those released into the upper and lower stream sites.

3. Approximately 15% of the fish released at the two stream sites
were captured at the traps within 2 weeks after they were
released. Fish from all of the treatments and fish of all sizes
were among these fish. These fish were not included in the
return results, because they did not overwinter in the stream.

4, After overwintering, most of the study fish recovered were smolt
migrants. Otherwise, only a few residents were recovered during
electrofishing.

5. During smolt migration (27 March-1 July), average migration
times for the five treatments were not significantly different

from each other.
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The percentage of coho salmon recovered in this study was lower
than the 30% we anticipated based on other studies. Recovery
rates ranged from 11.0 to 13.6% for the five treatment groups
and were not statistically different from each other. Most
likely, a large number of coho salmon were carried past the
smolt traps when two winter storms flooded the stream and
enabled fish to bypass the traps.
There was a 12.5-17.7% relative reduction in apparent overwinter
survival for the PIT-tagged group compared to the untagged
group. Since recoveries of PIT- and CW-tagged fish were not
significantly different, we concluded that any tagging will
generally reduce survival of salmon in the natural environment.
Significantly more tagged fish were recovered from the lake
release site (n = 142) than from either the upstream (n = 91) or
downstream (n = 82) release sites.
Mean fork lengths of recovered fish were not significantly
different among the five treatment groups. There were no
significant differences when the length data were pooled at
recovery to test the experimental comparisons of tagged versus
untagged fish, single- versus double-tagged fish, and PIT-
versus CW-tagged fish. However, significantly shorter fish were
recovered from the lower-stream release site than from the lake
or upper-stream sites.
The double-tagged groups yielded information on tag loss. Most
of the tags lost were the half-length VIF tags (n = 25).

Otherwise, there were 17 full-length VIF tags, 4 CW tags, and
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1 PIT tag lost. The high loss of VIF tags was primarily the
result our failure to heed the manufacturer's advice not to use
half length tags in this size fish.
Because of the low overall recovery rates, we recommend that

this study be repeated.
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Comparison of Long-term Effects of PIT Tags and CW Tags
on Coho salmon (Oncorhynchus kisutch)

Introduction

Long-term PIT-tag retention and the effects of PIT tags on growth
and return rates of ocean-ranched salmon are unknown. However, this
information is known for the older and commonly used binary CW tag
(Bergman 1968). To compare the two tags, groups of coho salmon smolts
were tagged with PIT tags, CW tags, or both, and their adult
performances were monitored.

Current protocol for PIT tagging includes recording the fork
lengths of all PIT-tagged fish using the electronic data entry system
described by Prentice et al. (1990b). Since the additional handling
associated with measuring may have a cumulative effect beyond that of
tagging, this study also compared the growth and percent return of

measured and unmeasured fish.

Materials and Methods

The study was conducted with 1987- and 1988-broodyear Clark Creek
coho salmon reared at the WDF Skagit Hatchery near Marblemount,
Washington. Coho salmon are released directly from this hatchery into
Clark Creek in June as yearlings and return primarily as age-2 and
age-3 adults from October through December.

In January 1989 and 1990, study fish (total = 38,633) were
removed from the main population and transferred to a separate
raceway. Fish were randomly assigned to three tagging groups:
PIT-tagged only, CW-tagged only, and fish tagged with both tags
(CW+PIT-tagged). To form the six treatments, each tagging group was

subdivided into one group that was measured electronically and one
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that was unmeasured (see Table 29). To produce the three tagging
groups in 1989, the randomization procedure involved adding
600-800 fish simultaneously to a trough divided into two sections for
PIT-tag and CW-tag groups as described by Prentice et al. (1993).
This procedure was changed in 1990, when fewer fish were added
simultaneously, and the trough was partitioned into three compartments
(one for each tagging group).

Over 5 days, fish were tagged (also adipose fin-clipped if they
received CW tags) and if appropriate, their fork lengths were
electronically measured to the nearest millimeter. The tagging
procedures followed the general methods outlined by Jefferts et al.
(1963) and Prentice et al. (1990b). CW-tagged fish were measured
before tagging and PIT-tagged fish after tagging. Fish receiving both
tag types were measured between PIT-tag and CW-tag insertion.

After tagging, fish from all treatments were released into the
same raceway to eliminate confounding the results by container
effects. The fish were then reared in the raceway for several weeks
before being recombined with the main hatchery population. Before
being recombined, 1,000 adipose fin-clipped fish and 1,000 non-adipose
fin-clipped fish were checked to determine if their tags were present
and active. The fish were released as yearlings in June of the same
year they were tagged and migrated to sea before returning to the
hatchery as mature adults.

All coho salmon returning to Skagit Hatchery between 1989 and
1992 were interrogated for PIT tags. A prototype picket V-lead
PIT-tag interrogation system (see pages 138-150), which monitored
PIT-tagged fish as they entered the hatchery, was located above the

fish ladder. No study fish returned during 1992. During the first
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three years (1989-1991), all adult coho salmon killed for spawning
were dropped through a chute that included a dual-coil PIT-tag
monitor. If a PIT-tag code was recorded, the tag was removed from the
fish. A%ter spawning, all fin-clipped fish had their heads removed.
Fin—clip#ed fish that also had active PIT tags (i.e., double-tagged
fish) had their PIT-tag codes written on the head labels that
accompan%ed the heads sent to WDF. At the lab, WDF detected and
decoded éW tags. Tag code(s), length, gender, and recovery date were
recorded for all tagged fish. 1In addition to the hatchery returns,
surveys for PIT- or CW-tagged fish were conducted on several streams
adjacent to or passing through the hatchery grounds in 1989, 1990, and
1991.

Tag loss for double-tagged adult fish was estimated using data
from the PIT-tag monitor and WDF head analyses. If a fish was fin
clipped but no CW tag was found in the head, then it was assumed the
CW tag had been lost. When a CW tag was processed, its batch code
indicated whether that fish should also have had a PIT tag. To
determine if tag loss was gender specific, data from male and female
fish were compared. It became obvious that some fish were losing
their PIT tags after they had entered the hatchery, so in January
1991, the bottom of the adult pond was searched for lost PIT tags.

To determine if the randomization methods were effective, lengths
at the time of tagging were analyzed using one-way ANOVAs. A Tukey
test was run on any significant F values. Percent return data and the
comparison between males and females for PIT-tag retention were
analyzed using Chi-square analyses. Independent t-tests were used to
compared lengths of PIT- and CW-tagged adult fish. Jacks wereexcluded

from the length analyses. Significance was established at P < 0.05.
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Results and Discussion

In 1989, the randomization procedure for creating the three
tagging groups was ineffective, as the double-tagged or CW+PIT-tagged
fish were significantly shorter than those with only a single tag
(P = 0.002) (Table 29). The 1990 procedure was successful and
randomized fish among the six treatment groups (P = 0.337). However,
due to the ineffective randomization in 1989, we decided to eliminate
the double-tagged fish from the treatment analysis and to use them
only to evaluate tag loss in the returning fish.

Measuring the fish electronically did not appear to affect the
long-term performance of PIT-tagged and CW-tagged fish. The percent
return of measured single-tagged fish (1.32%) was not significantly
higher than that of unmeasured fish (1.20%) (P = 0.444) (Table 30).
There was also no significant difference between the average return

lengths of measured (56.1 + 5.9 cm; X + SD) and unmeasured

I

(55.0 £ 5.9 cm) single-tagged fish (P 0.105) (Table 31). Therefore,
we concluded that the additional time required to record the lengths
of juvenile salmon while tagging them had no effect on either their
long-term growth or survival. Since there was no difference between
the measured and unmeasured fish, data for the subgroups were combined
to compare the performance of PIT- and CW-tagged fish.

In 1989 and 1990, tag retention in the juveniles prior to release
was excellent (99-100%) for both tag types several weeks after
tagging. The CW-tag retention was high in spawning adults known to be

tagged with both tags (98.4%). In contrast, functional PIT-tag

retention was low in the double-tagged fish (68%). Combining the
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Table 29.

Mean fork length (mm) at tagging for the three measured

treatments and number of fish released for each

treatment.

Probability values based on one-way ANOVAs

with the 1989 groupings distinguished by Tukey analysis.

Measured Unmeasured
PIT Cw CW+PIT PIT Cw CW+PIT
tagged tagged tagged tagged tagged tagged
1989 release
N released 3,218 3,232 3,215 3,217 3,216 3,218
Fork length
Mean 104.9 105.2 104.5 N/A N/A N/A
sD (7.2) (7.0) (7.4) N/A N/A N/A
1990 release
N released 3,223 3,219 3,219 3,218 3,218 3,220
Fork length
Mean 105.1 105.0 104.9 N/A N/A N/A
SD (6.9) (6.9) (7.1) N/A N/A N/A
Total release 6,441 6,451 6,434 6,435 6,434 6,438
1989: F(2, 9841) = 7.824 P = 0.002
Groupings: PIT W CW+PIT
1990: F(2, 9903) = 1.237 P = 0.337
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Table 30. Number of fish recovered at the hatchery and percent
return for each treatment. To compare percent
returns for measured and unmeasured fish, the
single-tagged groups were combined. Probability value
is based on Chi-square analysis.

Measured Unmeasured
PIT CwW CW+PIT PIT Cw CW+PIT
tagged tagged tagged tagged tagged tagged
No. recovered 73 97 78 65 90 107
Percent return 1.13 1.50 1.21 1.01 1.40 1.66
Single-tag
combined return 1.32 1.20

x? = 0.586 P = 0.444
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Table 31. Mean fork length (cm) at recovery for single-tagged
treatment. To compare fork lengths for measured
and unmeasured fish, the single-tagged groups were
combined. Probability value is based on a t-test.

Measured

PIT CW CW+PIT
tagged tagged tagged

Unmeasured

PIT Cw CW+PIT
tagged tagged tagged

Fork length

Mean 55.4 56.6 -——-

SD (5.8) (5.9) -
Combined length

Mean 56.1

SD (5.9)

53.3 56.2 -—-
(6.0) (5.6) ==
55.0
(5.9)

t = 1.628

P

0.105
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1990 and 1991 data, PIT-tag loss was significantly higher for females
(47.9%) than for males (11.3%) (x* = 17.78; P < 0.001). PIT-tag loss
appeared to occur mostly when the broodstock were fully mature
(Fig. 15). A few PIT tags were found in the muddy bottom of the adult
holding pond when it was drained in January.

Similar low and sexually biased PIT-tag retention was observed in
maturing Atlantic and sockeye salmon held in captivity (Prentice et
al. 1993; Thomas Flagg, National Marine Fisheries Service, Manchester
Field Station, Washington. P.0O. Box 130, Manchester, WA 98353, Pers.
commun. September, 1989). 1In captive salmonids, PIT tags have been
observed extruding from the ovipositor, but never from the male
genital pore. Unlike most fishes, female salmonids lack an oviduct to
carry the eggs from the ovary to the exterior. Instead, the eggs fall
directly into the body cavity before being expelled through the
ovipositor. In ripe females, the PIT tags, which have been inserted
into the body cavity when fish were young, appear to drift freely
among the ripening eggs and ovarian fluid. In this condition, they
are often expelled as irritants when they approach the ovipositors.

In nonsalmonid fishes that possess oviducts, such as largemouth bass
(Micropterus salmoides), there is no sexual bias in PIT-tag retention,
and tags are retained after spawning (Harvey and Campbell 1989).

This tag loss in mature salmonids suggests PIT tags may not be
suitable for applications where tag information on mature adults is
critical, such as hatchery index marking or selective breeding
programs. The use of PIT tags with adult salmonids should be limited
to situations where tags are incorporated into jaw tags or inserted
into the musculature rather than the body cavity. These limitations

do not apply to nonsalmonid fishes that possess oviducts.
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Figure 15. Cumulative PIT-tag loss over time for both females and
males, 1990.
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Based on the original (nonexpanded) data, significantly fewer
PIT-tagged fish (1.07%) returned than their CW-tagged counterparts
(1.45%) (P = 0.008) (Table 32 and Fig. 16). When the adult-return
numbers were expanded to account for the large number of PIT tags lost
and the small number of CW tags lost, the percent return for
PIT-tagged fish (1.41%) was only slightly less than for CW-tagged fish
(1.48%) and the difference was no longer significant (P = 0.643).
These figures were similar to the overall hatchery return (1.48%)
observed from the release of approximately 91,300 CW-tagged fish.
These survival rates for PIT- and CW-tagged fish were consistent with
our other studies comparing the survival of CW- and PIT-tagged fish
challenged to survive predation (see pages 90-104), to survive through
a winter in a stream (see pages 105-122 and Appendix A), or to survive
in net-pens (Prentice et al. 1993). However, these data indicate only
that PIT tagging does not affect post-release survival more than
CW tagging.

Barlier studies have found that survival rates of CW-tagged
salmonids were lower than those of their untagged counterparts
(Bergman 1968, Lister et al. 1981, Blankenship and Hanratty 1990).
Reduced survival of both PIT- and CW-tagged fish compared to untagged
controls was also found in the aforementioned overwinter study and in
one of the predation studies. Therefore, we anticipate that the
survival of ocean-ranched PIT-tagged fish would also be lower than
that of their untagged counterparts.

Extended periods for recovery after tagging appear to increase
post-release survival. 1If fish are captured, tagged, and then
released within a day after capture, survival typically is reduced by

more than 10% through adulthood (Lister et al. 1981, Blankenship and
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Table 32. Number of fish recovered at the hatchery and percent
return for PIT-tagged and CW-tagged treatments. Numbers
were expanded to account for lost tags. Probability
values are based on Chi-square analyses.

ne nde Expanded

PIT Cw PIT CwW
tagged tagged tagged tagged

No. recovered 138 187 181 191
Percent return 1.07 1.45 1.41 1.48
x> = 7.146 x> = 0.215
P = 0.008 P = 0.643
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Figure 16. Expanded and nonexpanded return rates for the PIT- and
CW-tagged groups.
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Hanratty 1990). However, when fish are allowed to recover from
tagging by being held in a hatchery for several weeks or more, we
estimate that, similar to CW tagging (Bergman 1968), PIT tagging would
reduce post-release survival by 5-10%. The difference is probably
because fish held longer fully recover from marking and thus suffer
less predation upon release (see discussion on pages 93-96).

Returning PIT-tagged coho salmon were significantly shorter
(54.4 £ 5.9 cm) than their CW-tagged counterparts (56.4 + 5.8 cm)
(P = 0.002) (Table 33). This was similar to our findings with adult
chinook salmon reared in net-pens, but not to findings with sockeye
salmon reared in tanks (Prentice et al. 1993). Other studies have
found that tagged fish (e.g., CW and anchor tags) grew more slowly
than untagged fish (Bergman 1968, McFarlane and Beamish 1990). This
potential for reduced growth of adult salmon PIT-tagged as juveniles
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