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Application of acoustic and archival tags to assess estuarine,
nearshore, and offshore habitat utilization and movement by
salmonids

Executive Summary

Salmonid stocks on the west coast are in trouble and concerns have been expressed by
scientific, environmental, and fishing communities. Causes of population declines are complex;
variations in freshwater flow, dams, habitat degradation, hatchery practices, climate variability,
and ocean conditions may al play arole. The contribution of the estuary and ocean to variationsin
salmonid survival remains poorly known. Understanding this role and how it varies with
changing environmental conditionswill require improved knowledge of movements and habitat
utilization during different life history stages. Thisvolumeis the report of aworkshop organized
in Sesattle in September, 1996 to examine the means by which new tagging technologies,
principally acoustic and archival tags, can contribute to our understanding of these questions.

Tag technology isarelatively fast-moving field and application to salmonids may require
modified designs; thus, it was timely to convene this workshop to promote communication among
scientists interested in salmon and the technol ogists and engineers developing tags. The genera
goal of the workshop was to address the potential application of acoustic and data logging tags to
describe the utilization of estuarine and ocean environments by salmon during different life-history
stages to better understand the role of environmental factorsin movements and survival.

The workshop report includes papers presented at the meeting, including three introductory
papers which lay out perspectives on the important research needs, experience papers describing
research work on topics dealing with applications of acoustic or datalogging tags and associated
research, and technology papers on the status and evaluation of tags, and contributed abstracts on
pertinent biology and technology. A written summary of two discussion groups, one on biology,
ecology, and oceanography and the second on technology, is augmented by a series of workshop
recommendations.

The participants in the workshop developed 17 recommendations. In the biology-related
recommendations, a demonstration project using existing tags was given a high priority.
Participants strongly supported research to describe movements and habitat utilization of i) young
fishimmediately after the transition from estuarine to marine waters, ii) young fish within the
estuary, and iii) adults moving into the estuary on the return migration. Application of geolocating
tags in the open ocean was also given high priority for west coast chinook and coho salmon,
sockeye salmon, and steelhead. In the technol ogy-related recommendations, most important was
the calibration and verification of tag precision and accuracy and continued miniaturization of tags,
the latter reflecting the desire to extend this research to earlier life history stages of salmonids.
Also stressed was the need to evaluate effects of these long-term tags on the fish and to improve
geolocating algorithms.

New technologies in tagging have the potential to address several key questions that hinder our
ability to evaluate the variability in salmon survival. 1t isour hope that thisvolume will foster
communication and promote the devel opment of technol ogies specific to address these questionsin
salmon.
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Application of acoustic and archival tags to assess estuarine, nearshore, and
offshore habitat utilization by salmonids: Introduction and objectives of the
wor kshop

George Boehlert, NMFS Southwest Fisheries Science Center, Pacific Fisheries Environmental
Group, 1352 Lighthouse Avenue, Pacific Grove, CA 93950-2097

Introduction

Declining survival of several salmonid stocks on
the west coast has raised alarms in the scientific,
environmental, and fishing communities. Central
California coho salmon have been listed as threatened
under the Endangered Species Act, and other stocks in
Northern Californiaand Oregon are being considered for
listing. The causes of declining stocks are complex,
but have been attributed to a variety of factors,
including variations in freshwater flow, dams, habitat
degradation, hatchery practices, climate variability, and
ocean conditions (National Research Council 1996). In
March, 1996, a workshop was held in Newport,
Oregon, to examine the role of estuarine and ocean
survival in the recent declines of west coast salmon
stocks (Emmett and Schiewe 1997). This topic had not
been addressed in a coordinated fashion since a similar
workshop held over a decade earlier (Pearcy 1984),
although recent knowledge and important hypotheses
have been summarized in a monograph (Pearcy 1992).

Fundamental to understanding variability in
survival in the estuary and ocean isimproved knowledge
of movements and habitat utilization during different
life history stages, including the relationship to
environmental variability. Most knowledge of ocean
habitat utilization comes from experimental net capture
data (Pearcy and Fisher 1988), traditional tagging
studies (including coded wire tags and other tags; Myers
et a. 1996), fisheries data (French and Bakkala 1974;
Welch et al. 1995), experimental fishing (Pearcy et al.
1984), acoustic tagging studies (Ogura and Ishida 1995;
Quinn et al. 1989) and trophic studies (Welch and
Parsons 1993). Although a great deal of research has
been done on the habitat preferences of salmonids in
freshwater systems, assessment of thermal preferenda,
diel variability in depth, and directed movements in
response to environmental variability in the ocean are
largely inferred from catch and model data (Healey et al.
1990; Thomson et al. 1994; Welch et al. 1995;
Beamish et al. 1995), save relatively short-term studies
with acoustic tags (summarized in Ogura, this volume).

How salmon utilize their environment on varying
scales was a major point of discussion at the Newport
workshop that cut across all working groups (Emmett
and Schiewe 1997). As examples, the nearshore
working group expressed concern about the movement
and habitat residence patterns in the first few days after
ocean entry; similar studies are underway with Atlantic
salmon (see LaCroix, this volume). At broader scales,
the offshore group identified as high priority questions
the distribution and migration patterns at sea and the
manner in which currents and other physical factors
influence them. Both early models of fish movement
(French and Bakkala 1974) and recent, more
sophisticated ones (Thomson et al. 1994; Dat et al.
1995) rely on a variety of assumptions about fish
behavior at scales that remain to be studied in sufficient
detail to carefully test the predicted movements. Severd
participants at the Newport workshop identified the need
for applications of new tagging technology to address
these and other questions dealing with estuarine and
ocean survival, and this workshop has been organized to
address these questions.

Tagging programs and tag technology

Tagging is a standardized technique in fisheries
science (Neilson 1992) and has been an important
component of studies with salmon. A variety of
salmon databases on tagging exist; the ocean tagging
database (Myers et al. 1996) and the coded wire tag
program (Johnson 1990) provide good examples of the
large scale (and international scope) on which salmon
tagging is undertaken. The importance and magnitude
of these tagging projects have made salmon the focus of
many developments in tag technology, such as the
coded wire tag (Bergman et al. 1968), the passive
integrated transponder (PIT) tag (Prentice et al. 1990),
and visible implant tags (Blankenship and Tipping
1993; Bonneau et a. 1995). Most of these tags have
been designed for mass marking and generally address
guestions dealing with the population level (fish
movement, return rates, or stock integrity). Longer
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range tracking, including satellite-linked systems, have
been used in freshwater with radio telemetry (Eiler
1995), but this system will not operate in saline waters
of estuarine and marine systems.

Acoustic tags can be applied to far fewer fish, are
labor intensive to apply and monitor, but provide
detailed information. In the marine environment,
acoustic tags have been extensively applied to large
fish, including tunas, billfishes, sharks, and deep-sea
grenadiers (Carey and Robison 1981; Holland et al.
1990; Cayre 1991; Klimley et al. 1988; Priede et al.
1990). Acoustic tags have the capability to measure a
wide variety of parameters, including depth, swimming
speed, tailbeat frequency, and internal body temperature.
Given that most studies with acoustic tags involve
vessels following individual fish, additional parameters
(geographic location, bottom depth, ocean currents,
thermal profiles, salinity) can be taken in the general
vicinity. Acoustic tags have been applied to salmon
(Stasko et al. 1973; Quinn et al. 1989; Ogura and Ishida
1992, 1995; LaCroix, this volume). Although these
tags have provided important insights into the ecology
and habitat utilization of the salmon studied, they have
generally required that individual fish be followed,
resulting in small numbers of observations and
typically short records from each tag. Unfortunately,
these short records create concerns about whether
observed behavior is normal. With moderate to large
tunas and tag placement outside the body, Holland et al.
(1990) found no differencesin behavior between early in
the record and after 6 days, when the fish was relocated.
Contrary to this result, however, was the variation in
behavior observed in chum salmon shortly after tagging
in along data record (see Ogura, this volume, Figure 9).
Miniaturization and newly developed technologies in
tagging may allow following multiple fish as well as
recording data and dumping it via an acoustic link to a
tracking vessel or to a remote listening station (see
Voegeli, this volume), possibly through an array of
moored buoys (see Lacroix, this volume. This type of
development may help with duration of the record and
the numbers of tags that can be deployed.

The newest technology is data logging (archival)
tags. The most important issues in the dynamics of
tuna movements were addressed by Hunter et al. (1986),
who identified application of datalogging tags as a high
priority to determine the horizontal and vertical
movements of tuna over long periods. A principal
problem has been the need to recover the tagged animal

to retrieve the tag and its contained data; thus, most
studies concentrate on fish where tag return rates are
high. Generally, data logging tag development has been
gradual and marked by continually improved technology
and decreasing size. Early tags were large and had a
reduced parameter set. Long duration applications of
data recording tags to marine mammals, providing time,
depth, and temperature data, revealed previously
unknown information about foraging, dive depths, and
dive duration, with tagging periods up to 145 days
(Delong and Stewart 1991; Bovent et al. 1996). It
should be noted, however, that data logging tags record
only the environment which the fish experienced or
selected, which is important information in itself;
missing are data on the environmental conditions that
the fish avoided. Although this may be inferred from
climatological ocean records in the region, nearby
moored buoys, remote sensing, or ocean models, higher
resolution of this information may require simultaneous
monitoring of the physical environment.

The first application of data logging tags on
salmon recorded time and depth over a period of some
23 days on chum salmon and provided intriguing
results. Although short term behavior may be affected
by the trauma of tagging, data from later in the record
demonstrated a well-defined pattern of diel movement
(see Ogura, this volume, Figure 9). Time-depth
recording tags have also been applied to returning adult
Atlantic salmon and sea trout in Iceland (Sturlaugsson
1995; Sturlaugsson and Gudbjornsson, this volume).
Geolocating tags, which typically add light as a
measured parameter and then use an algorithm based on
time and daylength (measuring sunrise and sunset), are
also under development and obviously highly desirable
for measuring migrations. At present, the geolocating
tags have been applied principally to tunas (Gunn et al.
1994; Ekstrom, this volume) and preliminary results
have provided intriguing insights to the migration
pattern of southern bluefin tuna (J. Gunn, CSIRO,
personal communication), as suggested by Hunter et al.
(1986). Although most geolocating tags are at present
too large for application to salmon, sizes are
continually being reduced. It is also possible to
estimate |ocations through measurement and simulation
of ocean thermal conditions, similar to the approach for
plaice movements in the North Sea (Metcalfe and
Arnold, this volume); the accuracy of the location
information, however, may be questionable in an ocean
environment that variesinterannually.
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Two concerns must be taken into account for
application of data logging tags. First is the accuracy
and precision of the measured parameters and the
consistency between tags. Miniaturized sensors may be
subject to drift over time, so careful evaluation of the
tags is highly important. Second is the capability of
the fish to carry the tags. For short-term acoustic
tagging of durations less than 5 days, histopathological
effects may not be an overriding concern, although tag
effects on behavior (from capture, handling,
hydrodynamic drag, or other trauma) obviously are. For
longer tagging durations, however, it is critical to
minimize the effects of tagging, which can affect fish
health, swimming ability, or vulnerability to predation.
Tag shedding or extrusion must also be evaluated. In
traditional tagging programs, significant effort has gone
into evaluating tag effects (Roberts et al. 1973; Neilson
1992; Blankenship and Tipping 1993) and tag loss
(Wetherall 1982). With acoustic tags, Quinn et al.
(1989) demonstrated that returns and travel rate of
sockeye salmon did not differ from those tagged with
disk tags alone. Other experiments with salmonids
have shown effects on behavior (Mellas and Haynes
1985) and dramatic, size-dependent effects of ultrasonic
tags on growth (Greenstreet and Morgan 1989). Data
logging tags have several characteristics that mandate
careful evaluation of their effects before a serious
tagging program is undertaken. The tags are relatively
large, will likely be on the fish for long periods, and are
expensive; preliminary testing of intramuscular
implantation in tunas has been promising (see Brill et
al., this volume). Because the probability of tag return
may be low, it is important to assure the best match of
the tag to the fish to maximize chances of recovery (see
Siri, this volume).

Objectives of the workshop

New tagging technology has the potential to reveal
important information on salmonid movement and
habitat utilization. Both short-term acoustic tags and
recording, or archival tags may be beneficially applied
to address specific topics of interest. Tag technology is
a relatively fast-moving field and several salmonid
biologists are interested in applying these technol ogies;
thus, it was timely to convene this workshop to
promote communication among scientists interested in
salmon and the technol ogists and engineers developing
tags. The general goal of the workshop was to address
the potential application of acoustic and data logging
tags to describe the utilization of estuarine and ocean

environments by salmon during different life-history
stages to better understand the role of environmental
factorsin movements and survival.

The workshop took place 10-11 September, 1996,
at the NOAA Pacific Marine Environmental Laboratory
in Seattle. Before the meeting, participants were
provided with a series of questions to stimulate thought
on the focus of the workshop, including the following:

Biology, Ecology, and Oceanography
* What is known about the movements of salmon in

estuarine, nearshore, and open ocean habitats at
varying scales?

» How can we best measure the role of environmental
and habitat factorsin salmon habitat utilization and
movements?

» What are the most important species, life history
stages, habitats, and geographic scales to address
these questions and what can be gained from the
application of acoustic and data logging tags?

» What priority order should be given these research
issues?

* What are current or planned research activities
associated with application of tags?

Technology
 What is the current state of acoustic and data

logging tag development as it relates to application
in salmonids?

» What specific developmental engineering work
should be undertaken to make these tags more
suitable for application to different salmonid life
history stages?

» What is the capacity of salmonids to carry these
tags?

» What arethe priorities for tag development?

Organization of the workshop report

The workshop report generally follows the agenda
of the meeting. Three introductory papers were
presented to lay out perspectives on the important
research needs in estuarine, nearshore, and oceanic
environments. “Experience’ papers describe research
work by participants at the workshop on topics dealing
with applications of acoustic or data logging tags and
associated research. “Technology” papers were presented
on the status and evaluation of tags. The abstracts of
these presented papers are followed by a written
summary of two discussion groups, one on biology,
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ecology, and oceanography and the second on
technology, held sequentially so that all participants
could contribute. The discussion groups addressed the
guestions outlined above plus other topics that arose
during presentation of the papers. Arising from the
discussion groups were a series of recommendations;
these were circulated after the meeting for further
discussion and elaboration, and finally voted on to
assign priority order. Finally, three appendices include
i) contributed abstracts (pertinent abstracts on biology
and technology not presented at the meeting), ii) the
meeting agenda, and iii) the list of participants at the
meeting.
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Introductory Papers

The following three abstracts reflect three papers presented to provide a
perspective to the workshop on the three principal habitats where research using
acoustic and data logging tags is deemed useful and to describe the kinds of data
that are most important to understanding salmonid utilization of these habitats.
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Estuarine Life History of Salmonids: Potential Insights From Tagging Studies

Robert Emmett and Earl Dawley, National Marine Fisheries Service Northwest Fisheries Science
Center, Coastal Zone and Estuarine Studies Division.

Studies by Reimers (1973), Simenstad et al. (1982)
and others have shown that estuarine rearing plays an
important role in salmonid life histories and can affect
the ocean survival of ocean-type chinook
(Oncorhynchus tshawytscha), pink (O. gorbuscha) and
chum (O. keta) salmon. In contrast, with the exception
of sea-run cutthroat trout (O. clarki), smolts which
migrate as yearlings and older [e.g., sockeye (O. nerka),
steelhead (O. mykiss), and (stream type) chinook
salmon] generally do not utilize estuaries extensively.
Despite these general migration and timing behaviors,
actual estuarine use varies by species or stock and

appears to be mediated by water temperature, river flow,
food availability, and other factors.

Although archival, acoustic, and radio tags may
answer many scientific questions related to the estuarine
and early ocean life history of salmonids, their large size
relative to the size of migrating salmon smolts limits
their potential (Table 1). Small subyearling smolts are
presently effectively tagged by small coded wire tags
(CWT) and passive integrated transponders (PIT) tags.

Table 1. Juvenile salmonid size, timing, peak migration period, and individual residence in West Coast estuaries.
Critical sizeis the minimum length required to survive ocean entry. Question marks indicate unknown or uncertain

information.
Size during . Peak Individual
Species migration (fork -rrr:imlrg?ioc;f migration residence

length - mm) 9 period (days)

Pink salmon 30-80 Early Late Mar- ~2-60+
critical Sze 45-55? Feb- Jun Early May
Chum salmon 30-100 Early Feb-Jul Late Mar- 4-32+
mid May

Chinook salmon 100-175 Jan-Jul Apr-May ?limited?
Spring/summer Nov-Apr (Caif) | Jan-Feb (Calif)
Chinook salmon 30-130 Jan-Dec Jun-Oct 10-60+
fal critical Size 80-90?
Chinook salmon 30-? Apr-Oct ? ?
latefdll
Chinook salmon 30-? Jun-Dec Aug-Sept. ?
winter
Coho salmon 100-200 Mar-Jul May 6-40
Sockeye salmon 40-120 Apr-Jul May-Jun some rearing?
Steelhead 150-300 Apr-Jul May limited
Cutthroat trout 130-300 Feb-Oct Apr-Jul 1-150?
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Past smolt tagging studies with CWT and PIT tags
have provided valuable salmonid life history
information. For example, Dawley et al. (1986)
estimated smolt migration rates through the Columbia
River and defined timing of ocean entry based on
extensive sampling of smolts tagged with CWTs. They
also discovered that salmonids released farthest upriver
migrated the fastest, while those released closest to the
estuary migrated the slowest. Furthermore, they found
that subyearling chinook migrated the slowest (<4
km/day), and yearling and older smolts migrating much
faster (>10 km/day). They also found that some
salmonid stocks, such as ocean-type chinook salmon,
actually slowed their migration when they entered the
estuary.

Recovery of CWT and non-tagged smolts in the
Columbia River estuary by the National Marine
Fisheries Service (NMFS) during the Columbia River
Data Development Program found that, in general,
yearling salmonid smolts migrate in the main estuarine
channels and do not considerably slow their migrations.
However, at present little information is available that
reveals how long individual fish actually reside in
different estuarine habitats.

Coded wire tag- and PIT-tag studies in the
Columbia River and other Pacific Northwest rivers have
also provided valuable information on variability in
ocean survival rates for salmonid smolts which migrate
at different times and sizes. For example, Matthews et
al. (1992) found that late migrating spring/summer
chinook salmon in 1990 returned as adults in
significantly higher numbers than earlier migrants
(Table 2). Evidently, ocean and estuarine environmental
conditions were favorable for salmonid survival during
that period, however, no data were collected to monitor
those environmental conditions. We do know that
timing of favorable ocean and estuarine conditions are
not always consistent from year to year.

Development of very small archival or acoustic
tags that could record environmental data (salinity,
temperature, and depth) would be valuable in identifying
1) how long individual juvenile salmonids reside in
particular estuarine habitats, and 2) what environmental
factors influence their distribution. The recent
development of a surface trawl PIT tag detector by
NMFS promises to be a valuable tool for assessing
movements and survival of migrating juvenile
salmonids (Richard Ledgerwood, National Marine

Fisheries Service, Hammond, OR, Pers. comm., Sept.
1996). A recent study by Oregon State University
investigators using radio-tagged migrating juvenile
spring/summer chinook salmon in the lower Columbia
River, highlights the value of tagging studies. They
found that 90% of their study fish survived from
Bonneville Dam [river kilometer (Rkm) 200] to the
head of the estuary (Rkm 75) but about 30% of these
fish were lost in the estuary. They were able to find
most of the lost tags in nesting tern and cormorant
colonies (Larry Davis, Oregon State University, Fish
and Wildlife Dept., Corvallis, OR, Pers. comm, Sept.
1996). Although this study appears to identify the
intensity of bird predation on estuarine smolts, research
needs to be conducted to confirm that radio-tagged
juvenile salmonids are exhibiting normal migratory
behavior and are not unusually susceptible to avian
predation.

In conclusion, archival, acoustic, and radio tags offer a
wide range of effective methods for identifying
individual movements and behaviors relative to
estuarine and coastal environmental conditions, and
perhaps identify sources of mortality. However, these
tags will probably not provide answers to questions
concerning factors that limit estuarine and ocean
juvenile salmon survival for most populations. Studies
should be conducted that identify the physical and
biological conditions in estuarine and nearshore coastal
environments that facilitate high ocean survival. These
studies can effectively be conducted using serial releases
of CWT- or PIT-tagged groups of smolts with
concurrent measurements of physical and biological
conditions in estuarine and nearshore marine
environments. Data collected could be used to ensure
that hatchery fish are released at times that are optimal
for estuarine and ocean survival.
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Table 2. Adult returns to Lower Granite Dam of spring/summer chinook salmon (Oncorhynchus tshawytscha)
smolts marked and transported from the dam in 1990. Datataken from Matthews et al. 1992.

Dates marked Numbrﬁ;rokfedsmolts ret-IL-l ?Elalﬁgciirw;tes %
13-18 Apr 5,938 Hatchery 23 0.40
1,062 Wild 5 0.05
18-21 Apr 6,218 Hatchery 18 0.30
782 Wild 5 0.60
21-25 Apr 6,256 Hatchery 25 0.40
744 Wild 18 2.40
25 Apr-2 May 6,039 Hatchery 30 0.50
961 Wild 5 0.50
2-14 May 6,203 Hatchery 30 0.50
797 Wild 23 2.90
14-29 May 4,857 Hatchery 85 1.80
2,143 wild 58 2.70
29 May-8 Jun 1,177 Hatchery 25 2.10
1,531 Wild 63 4.10
Totals 36,688 Hatchery 235 0.60
8,020 wild 175 2.20
Grand Total 44,708 410 0.90
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Habitat Utilization and Movements of Salmonids in Coastal Waters

W. G. Pearcy, Oregon State University, College Of Oceanography, Corvallis, OR 97331

Introduction

All anadromous salmonids inhabit coastal waters
where they reside during a portion of their early life
history. Many coho and chinook stocks never leave
nearshore waters and spend their entire ocean life there.
Other species, such as pink, chum and sockeye salmon
and steelhead, |eave coastal waters and migrate into the
oceanic zone of the subarctic Pacific, where they feed
and mature, and then return to coastal seas on their
spawning migrations.

Early marine life of salmonids is thought to be a
critical period in the life history, when survival rates are
high and variable and when recruitment to fisheriesis
determined. Most fisheries are for mixed stocks of
salmon in coastal waters. These are two major reasons
for learning more about the coastal movements and
habitat utilization of salmonids.

General Questions

Five sets of questions need to answered in order to
understand ocean factors that influence the growth,
survival, movements and habitat utilization of
salmonids:

1. What are the patterns of distribution and migration
of stocksin the ocean? Are they genetically controlled
or determined by the environment?

2. How are these patterns influenced by ocean
conditions, by physical processes such as fronts, eddies,
upwelling and currents, and by biological factors such
asfood availability, competition and predation?

3. How are patterns of distribution and movements
related to subsequent growth and survival rates? Is
mortality highest in specific habitats?

4. What are the mgjor causes of mortality? How
dependent are predation rates on the availability of other

forage species?

5. What are the effects of interactions among stocks on
growth and survival--between stocks that inhabit the
same ocean habitat or between hatchery and wild stocks

in acommon ocean region?

What Have We Learned from Past
Research?

From the millions of tags (coded-wire, disk, Floy,
thermal, etc.) much as been learned about the
movements, growth, and survival of salmonids between
release, usually at a hatchery facility, and recovery at a
hatchery or in a fishery. Examples were (1) the
recovery of maturing fish after tagging juvenile fish in
their first ocean year (Hartt and Dell 1986); (2) the
movements of OPI hatchery smolts during their first
summer in the ocean off Oregon and Washington
(Pearcy and Fisher 1988); and (3) the latitudinal
distribution in the ocean of the coded-wire tagged coho
released from hatcheries along the coast of the Northeast
Pacific (Weitkamp et. al. 1996).

The advantages of these types of tags is that many
smolts can be marked before they enter the ocean.
Hence the number of returns are large enough for
statistical analyses. Often smolts can be marked over a
short period of time, and automated procedures can be
now used. The disadvantages are that only data on
release and recapture locations and times are provided,
and no intervening data. Little information is given on
short-term movements or habitat selection, and nothing
on vertical excursions.

Ultrasonic tagging, on the other hand, has been used
to track asingle fish over a period of hours or days, and
can provide data on vertical movements and temperature
selection (see for example Quinn and terHart 1987;
Quinn, this workshop). However, tracking with vessels
in the ocean is very expensive, and usually only one
fish can be tracked at a time, usually over relatively
short distances.

Needed are tags that can be tracked or record
information on movements in three dimensions over
weeks or months. Ideally, smolts or post-smolts
should be tagged so that the origin of the fish is known
and the movements of specific stocks can be studied in
the coastal ocean during their juvenile life history and
during the coastal fisheries for maturing fish. This
would facilitate recovery of tags either in a specific
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fishery or hatchery.

Studies that provide detailed information on
movements of salmonid using smart tags should obtain
or utilize concurrent data on ocean conditions so that
movements can be related to ocean currents, frontal
structure, temperature patterns, etc. Although smart
tags may monitor temperature, temperature fields
available over a broad area are needed to determine
habitat preference.

Specific Recommendations

For ultrasonic tags, manufacture a size that can be
inserted into the stomach of smolts, 100-200 mm FL.
Increase the range of tags so they can be detected up to
1000 m. Study the feasibility of tracking smoltsin the
coastal zone using a series of moored receivers that
either store data or relay data by radio to a shore station
or to satellite.

For archival tags, we need tags that can be used on
or in maturing fish that monitor latitude, longitude, and
depth. External temperature or internal temperature
could also be monitored. Internal temperature may
increase, as it does in bluefin tuna, and provide
information on feeding periodicity and rates. Datafrom
archival tags could be recovered after capture of the fish
in a fishery, hatchery or homestream. However,
determination of the stock origin may be difficult for
fish caught at sea. Desirable features of archival tags
include sensors to measure compass heading and
swimming speed or tailbeat frequency so that currentsin
the swimming field can be determined.

Since mortality and predation are major ecological
concerns, and affect recovery of tags, sensors should be
developed to determine when and where a fish dies.
Monitoring tail beat or muscular contractions during
swimming, or changes in pH, have been suggested as a
way to obtain this information.

For all types of tags, the accuracy of parameter
estimates and the effects of the tags on the behavior and
physiology of the fish should be carefully evaluated.
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Ocean Studies Using “Smart” & Hydroacoustic Tags

David Welch, High Seas Salmon Research, Ocean Sciences and Productivity Division, Pacific
Biological Station, Dept. of Fisheries and Oceans, Nanaimo, B.C. VIR 5K6

To date, open ocean salmon tagging has been
restricted to the use of uniquely numbered spaghetti or
disk tags. Tags are cheap, but application in the ocean
is expensive because of the need for an ocean-going
vessel capable of remaining out at sea for up to a
month. In the eastern north Pacific (Gulf of Alaska)
about 10% of all tags applied to salmon in the 1960s
were recovered. Even if the recovery position and date
is accurately recorded by the fisherman, then the
maximum information that can be obtained is the
straight line distance between the two points, and the
minimum swimming speed needed to transit directly
between the two points.

Tagging programs using the technology of the
1950s and 60s greatly improved our knowledge of the
relative distribution of different stocks and speciesin the
open ocean. However, these programs gave us only
glimpses of the environmental constraints that have
shaped the evolutionary biology of salmon and, by
implication, the environmental factors affecting their
productivity. | think that there are 3 prominent
applications for new tagging technology in the open

ocean ecosystem:
(1) How do salmon navigate on the High Seas?

(2) How do salmon use the environment of the High
Seas?

(3) How are bioenergetics of salmon on the High Seas
determined?

Answers to these questions depend on knowing on
a day-by-day or even finer scale basis what salmon are
doing in the ocean, where they go, what environmental
conditions they avoid or are attracted to, and how
salmon migrate through frequently complex and
heterogeneous ocean conditions. In essence, we are
asking what evolutionary factors have shaped their
oceanic life histories. Smart tag technology is now
sufficiently accurate to allow us to address most of these
guestionsin the ocean. Thistalk detailed a short list of
guestions | view as the next logical steps for us to
investigate, and discuss the next generation of tags on
which we should focus our development effort.



14

Acoustic and Archival Tags: App/ications to Salmonid Research




Acoustic and Archival Tags: Applications to Salmonid Research 15

Experience Papers

The following paper and six abstracts describe selected studies pertinent to the
application of acoustic or data logging tags to salmonids. The first paper
describes a variety of studies with these tags that have been conducted in Japan,
the remainder in the U.S. or Canada. In the contributed abstracts, note that five
additional studies are described; two involve research on salmonids, three are on
other species.
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Acoustic and archival tagging work on salmonids in Japan

Miki Ogura, Tohoku National Fisheries Research Institute, 3-27-5, Shinhama-cho, Shiogama,

Miyagi 985, Japan
Abstract

| reviewed 12 acoustic and 5 archival tagging
studies on salmonids that have been conducted in Japan
since the 1970's. Acoustic tags have been used from
the mid 1970's for salmonid research and archival tags
were introduced to salmonid research in the 1990's. In
the 1970's and 1980's Japanese acoustic tagging
systems were used in Japan but from the 1980's the
VEMCO system became increasingly popular. Eight of
12 acoustic tagging studies were conducted in coastal
waters, three studies were done in offshore waters and
high seas, and onein alake. In one of five archival tag
studies, fish were released from offshore waters, but
other works were conducted in coastal waters and rivers.
Chum salmon were used for most of Japanese studies
and recently masu salmon were also studied. The
purposes of the research using smart tags have been to
investigate fish behavior in relation to fishing gear and
to investigate salmon orientation and homing
mechanisms. The principal motivation, especially for
the early studies, was to learn how salmon move at sea.
To facilitate communication with North American
scientists, | put together a list of Japanese scientists
using smart tags for studying salmonids.

Introduction

Salmonids were frequently used as subjects during
the development of ultrasonic telemetry systems in
Japan because they are popular fish species, have
interesting behavior such as homing, and are easy to
handle for experiments. When considering the
application of archival tags, homing is a very good
characteristic because it facilitates recovery of the tag.
Though there were some preliminary studies conducted
in 1960's and early 1970's, in this report | reviewed
successful studies on salmonids with acoustic and
archival tags in Japan since the 1970's. Some of the
most recent studies are not available on documents
and/or papers, and details of some of these studies could
not be presented in this report.

Acoustic and archival tagging systems

The National Research Institute of Far Seas
Fisheries (NRIFSF, formerly Far Seas Fishery Research
Laboratory) and Tokai University were pioneers in
developing ultrasonic telemetry in Japan. Their
telemetry system had been manufactured by Koden
Electronics Co., Ltd. (KODEN) since late 1970's
(Figure 1). Japanese studies in late 1970's and 1980's
were conducted by using this KODEN system.
KODEN may continue to make transmitters but the
receiver system has not been improved during the last
20 years. From the late 1980's, most Japanese research
groups began to use VEMCO products.

In many studies the transmitter was attached to the
base of the anal fin and allowed to trail from the fish
(Figure 2). In some recent studies, the transmitter was
attached on the back of the fish with two plastic
fasteners or vinyl strings (Figure 3). Stomach insertion
has seldom been used in Japan. The hydrophone was
attached at the bottom of a pole mounted at the side of
the research vessel. In most cases, the direction of
hydrophone was changed by hand rotation of the pole by
an operator, but recently a motor-driven pole was used
(Figure 4). Now one group has introduced a towed
hydrophone system from VEMCO but it has not been
used for tracking salmonids yet.

There are three study groups developing archival
tags for biological research; Kyoto University, National
Institute of Polar Research (NIPR), and NRIFSF (Fur
seal section). Archival tags have been developed for
large marine mammals since the 1970's (but not smart
memory tags, instead early versions used pen recorders).
In the 1990's, tags have been much miniaturized and
memory capacity has been increased, and the application
to fish study began. Tags developed by Kyoto
University are commercially sold through Alec
Electronics Co. Ltd. (Alec). NIPR's tags are also
available directly.
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Figure 1. KODEN receiver and transmitters.

The biggest concern of researchers using acoustic
tags isthe accuracy of horizontal position. Telemetered
information, such as depth or temperature, is very
accurate (depending on the sensor and transmitter
system). Methods of positioning the research vessel
have greatly improved. In the past radar or Loran was
used but now GPS is used. However, the horizontal
position may have a large error. Archival tags would
also need to fix the horizontal position accurately.

Acoustic tagging studies

In 1974, NRIFSF and Tokai University conducted a
tracking study of maturing chum salmon at off Etorofu
Island, Kuril Islands (summary table A, 1; Ichihara et
al., 1975). This was apparently the first successful
tracking by Japanese scientists. They tracked the fish
over 163.6 km during 37 hours and presented the
horizontal tracks and vertical movement in their paper

(Figure 5). This shows many circular motions in the
fish tracks. In this study the fish's position (= research
vessel position) was determined by the radar observation
of the vessel and island, and the rotational trgjectory was
not verified.

Ultrasonic telemetry was used in the environment
assessment for examining the effects of heated water
from an atomic power plant on fish behavior (Summary
table A, 2). Results of this kind of study were not
circulated widely, but Fukushima's report concluded that
they did not obtain enough data, especially on
horizontal movement, and they stopped using telemetry
in their assessment work.

One of the most interesting characteristics of
salmonids is their homing ability. Tokai University
scientists studied the effects of visual and olfactory
ablation on the swimming behavior of chum salmon
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Figure 2. External transmitter attachment: trailing from the fish. On the left is a fish with a pinger and on the
right a photo of a chum salmon with trailing type transmitter.
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Figure 3. External transmitter attachment: fixed on the back.



Acoustic and Archival Tags: Applications to Salmonid Research

19

Figure 4. Hydrophone and pole rotating system.
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Figure 5. Horizontal movement of a chum
salmon (from Ichihara et al. 1975).

with acoustic tags (summary table A, 3; Yano and
Nakamura, 1992). Chum salmon caught in the river,
1.5 km upstream from the river mouth, were transported
to arelease site at sea near the river mouth. Twenty-
one fish with acoustic tags were released as controls.
Vision was ablated in 6 fish, olfactory ablation was
done in 7 fish and both ablations were done in one fish.
Intact fish and blind fish returned to the home river, but
anosmic fish did not. From observations of the
horizontal and vertical movements for each experimental
group, the authors concluded that olfaction was
necessary for correct choice of the homeriver (as shown
in previous studies) and vision is important for
regulating the amplitude of vertical movements.

In 1980's some studies attempted to observe
salmon movement in coastal waters in relation to the
coastal fishing gears, such as the trap net (summary
table A, 4, 5, 6; Yoza et al., 1985; Soeda et al., 1987,
Ishida et al., 1988). It is important to know the
movements of adult salmon in coastal waters for
regulating these fisheries. The path of adult chum
salmon before entering the natal river was along the
coastline. Authors in lwate PFES's group showed that
there was a relationship between salmon movement and
tidal direction. They were also concerned with the low

accuracy of horizontal position in this tracking method
(Figure 6).

Remaining area

Existence area : T I?

Moved area
from A to B

Distance
Figure 6. Estimated existence area of chum
salmon in relation to the vessel. When the vessel
tracked chum salmon from A to B for the distance
shorter than 2 km, the moved area of chum salmon
are exhibited by the existence area of B lessthe
remaining area. (From Ishidaet al. 1988).

In 1989, NRIFSF started a tracking study in the
open seain the area of high seas salmon driftnet fishery
ground in order to examine the efficiency of surface
gillnets and to study migratory behavior (summary table
A, 7). After preliminary studies with tracking devices,
they decided to use the VEMCO system. They
continued this work during four years and tracked 23
individuals of 6 salmonid species in the central North
Pacific and the Bering Sea (Ogura and Arai, 1992;
Ogura and Ishida, 1992; Ogura 1994; Ogura and Ishida,
1995). The authors showed the vertical distribution of
each species and discussed the migratory ability of
salmonids in the open sea.

Aomori PFES tracked masu salmon movements in
coastal waters in relation to the fishing gear (summary
table A, 8, 9, 12). Masu samon have high
commercia value and Japan has had an enhancement
project for masu salmon for a long time. Aomori
PFES tracked masu salmon at three life history stages:
searun juvenilesin an estuary, immature fish in coastal
waters, and adult fish in coastal waters. Though the
tracking durations of juvenile fish were brief (from one
to six hours), and the number of immature and adult
fish tracked was also not enough, they provided genera
descriptions of behavior. The author said that while
tracking fish in coastal waters he could not track fish
when they fish moved into shallow waters near rocks.
Aomori PFES subsequently changed from acoustic
tracking to archival tagging.

Hokkaido University and Hokkaido Salmon
Hatchery are continuing the tracking study to
investigate the mechanism of homing by using kokanee
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Figure 7. Tracks of four mature male kokanee salmon in Lake Toya during the spawning season.
Arrowhead indicates the releasing point of each fish. A, control fish; B, magnetic cue-interfered fish; C,
visual cue-interfered fish; D, visual and magnetic cues-interfered fish. (from Ueda et al. 1995).

and masu salmon in Lake Toya (summary table A, 10;
Ueda et al., 1995; Sato et al., 1996). Lake Toya has
surface area 70 km2, average diameter 9.4 km and
average depth 116 m (Figure 7). Four mature fish were
subjected to one of the following treatments: A)
attachment of a brass ring on the head, B) attachment of
a NdFe magnet ring on the head, C) injection of a
mixture of carbon toner and corn oil into eyeball to
detach retinas, D) detached retinas and attachment of
magnetic ring. The results demonstrated the direct
return of kokanee using visual cues and indicated that
kokanee did not primarily use magnetic cues in the
selection of the natal area, but it is still likely that fish
supplementally use magnetic cues for their orientation.
They also conducted biochemical and cytophysiological
analyses as well as behavioral study with acoustic

tagging.

Chiba University and NRIFSF (and Tohoku
National Fisheries Research Institute) developed
artificial magnetic field generators consisting of an
electromagnetic coil and adrive circuit to investigate the
magnetic sense of the ocean migrating maturing
salmonids (Figure 8; Yano et al., 1996). In the first
severa hours, this device was off and the salmon swam
under the normal geomagnetic field. Then the magnetic

field generator began inducing an alternating magnetic
field whose intensity is 6 gauss, with polarity reversed
every 11.25 min. during the subsequent 16 hours. This
device was used in the field research in 1994 off Kuril
Island and 1995 off Hokkaido's Pacific coast. Changes
of fish behavior were observed by the acoustic telemetry
system (summary table A, 11; Yano et d., 1995; Yano
et a., 1996). In 1994, tracking time was not sufficient
to evaluate the difference between behavior under
artificial magnetic field and normal conditions.
However, one fish with this device returned to a
Hokkaido river 20 days after it was released. In 1995, 4
chum salmon were tracked during 67 hours. Most fish
showed no remarkable changes of movements after
application of the altered magnetic field.

Archival tagging works

To investigate the behavior of maturing chum
salmon returning vicinity of their natal river in early
stage for spawning (i.e. water temperature in the coastal
waters is still high), lwate PFES released 10 chum
salmon attached with two archival tags (temperature and
depth) for each fish (summary table B, 13). Seven fish
were recaptured by trap nets in the coastal waters. The
data showed that the fish swam in water temperatures
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less than 13°C at depths of 100-210 m in daytime and
occasionally ascended to the surface where water
temperatures was more than 18°C at night. To further
investigate how salmon select their ambient
temperature, NIPR and Iwate PFES released 27 chum
salmon with archival tags (both temperature and depth
recording) and obtained 12 recoveries (summary table B,
17) in 1995 (Tanaka et al., 1996). This research was
conducted in October and December, two different water
temperature conditions. Results showed that salmon
stayed in deep water in October (salmon avoided high
temperatures and took refuge in deeper water) whereas
they stayed in shallow water and rarely occurred in
deeper water in December.

NRIFSF released 13 chum salmon with depth
recording archival tags from off Kuril Islands under the
usual tagging program (summary table B, 14). One
fish was recovered in the coast of Hokkaido and 21 days
data showed clear daily vertical movement pattern
(Figure 9).

As mentioned before, Aomori PFES started the
archival tagging for masu salmon instead of the acoustic
e y L tagging from 1995 (summary table B, 15). They
Figure 8. Artificial magnetic field generator released 5 adult masu salmon but no recovery was
attached to a chum salmon. reported in 1995.

DATE
11 12 13

10 ‘r'
20

30 |
a0 |
50 |
60 |
70 L

DEPTH (m)

Sept. 18 22 23 27 28
0 &
10
20
30

40 |

DEPTH (m)

50
60 -
70 -

Figure 9a. Vertical movement of chum salmon from September 6 to 28, 1994.
Shaded time zones indicate nighttime.
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Figure 9b. Average vertical movement of chum salmon. The average depth during 1
hour periods. Values are means and standard deviations. JST, Japan Standard Time.

Kyoto University scientists have investigated the tagging was to learn the duration and the timing of
otolith microchemistry to detect the timing of ocean residence in the river mouth and to compare this
entry and upstream movement of masu salmon. They information with the archival information on the
began the behavioral study using archival tagsthisyear | otolith. Next year, researchers are planning to track

(summary table B, 16). The purpose of this archival masu salmon in the river so radio or satellite tracking
will be used.
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Summary figure. Locations of smart tag studies on salmonids by Japanese scientists. The

numerals indicate study numbersin summary tables A and B ( located on the following two pages).
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Summary table A. Studies with acoustic tags conducted since the 1970's in Japan. Numbers in the left column refer to studies in the text and locations on
the summary figure on page 23.

Organization Period Area ma?ll,?airtzre Species l\tlrlzjarcnkg TOt?lhr)d aa Purpose of research, Special treatment
1 NRIFSF 1974 Off Kuril Idand Original Chum 1 37 Swimming behavior
5 Fulsljzsgisma 1978-1979 CoastPaIaC \?;?;[:e(r:solgsotnshu KODEN Chum 6 50 Assessment r@eslr;?tof atomic power
3 | Tokai Univ. | 1979-1981 Hokfgzso‘i')‘li"r?éfi | KODEN Chum 35 304.5 \'/\'iiil r;‘:]g g?gﬂi{gﬁ;ﬁ?ﬁn
4 | Nihon Univ. | 1982-1996+ Hokigﬁdofiﬁ' | KODEN Chum 20+ 422+ S:‘Q T;“;I?gnb;hi‘é g;l”ff;ﬁg'g"ggs
5 AF‘,’SI‘E? 19s3 | Coad W;fgist' Tsugaru | opEN Chum 5 2 %
o e OIS oo | oun | o | m | ST
7 | NRIFSF 1989-1992 :,Ehc;’i? aIB,\T_r i;gdsﬁi VEMCO 63801 ’IT;” 23 1138 Migratory behavior
8 AF‘,)SI‘EOS” 1992-1993 Coa?;;nva;e;io ';';”Sh“ VEMCO j‘g’él msrsl” 7 27 Estuary habitat of searun juvenile
10 Hgki: do | 1993-1996+ Toyalake VEMCO K&kgjee 13 2 Nata agf;%ﬂ?ﬂigﬂ?;@ﬁ;g sul

Univ. salmon

11 Ck;\ileal Il;Jg;:v 1994-1995 Off K|L—J|g||<||<§ adr:)d, Off VEMCO Chum Homing behavi(?iré,grtificial magnet
] g e oo | Mm ||| S o e

NRIFSF: National Research Institute of Far Seas Fisheries. KODEN: Koden Electronics Co., Ltd., Shinagawa, Tokyo, Japan
PFES: Prefectural Fishery Experimental Station. HSH: Hokkaido Salmon Hatchery
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Summary table B. Studies with smart tags on salmon in Japan. Numbers in the left column refer to studies in the text and locations on the summary figure

on page 23.
Organization Period Area System Species Number of fish Daysof data | Purpose of research, Special
manufacture recaptured/rel eased treatment
Coastal waters, Swimming behavior in
13 lwate PFES 1993 Honshu Pacific Alec Chum 710 relation to water temperature
14 NRIFSF 1994 Off Kuril Idand Alec Chum 1/13 23 Swimming behavior
Swimming behavior in
15 | Aomori PFES | 1995 | Coasdwaers 1m0 Masu 15 : coastal waters in relation to
Honshu Japan sea salmon S
coastal fishing gears
Swimming behavior in
NIPR, Iwate Coastal waters, - >10 per . .
16 PEES 1995 Honshu Pacific Original Chum 12/27 individual relation to the environment
change
Kyoto Univ River and esuary, Masu
“ 5 5 L
17 Toyama PFES 1996+ | Honshu Japan Sea Alec salmon ’ ’ Behavior in the estuary,

NIPR: National Institute of Polar Research

Alec : ALEC Electronics Co.,Ltd., Nishi-ku, Kobe, Japan
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Salmonid researchers working with smart tags in Japan

Masahide Kaeriyama

Research Division, Hokkaido Salmon Hatchery

2-2 Nakanoshima, Toyohira-ku, Sapporo 062, Japan
Tel: 011-822-2131, Fax: 011-823-8979
kiyama@salmo