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ABSTRACT

This report reviews marking and tagging techniques, their feasibility,
success, and history of enploynent on large cetaceans. Static tags, freeze
brandi ng, paint narking, natural nmarks, and sonic tags are di scussed.
Emphasis is placed on radio tags. Three radio tracking systens and
four types of radio transmitter attachments currently available for large
cetaceans are evaluated and discussed.

Results of a feasibility study using a VHF radi o tracking system on
bowhead whales are presented. On 20 and 21 August 1981 radio tags were

depl oyed on two bowhead whal es (Bal aena nysticetus) in the eastern Beaufort

Sea (69°54'N x 132°12'W. From one whale, signals were received intermttently
for 10 min, the other, for one and one-half hours. Reliable dive-surface
profiles of tagged whales from these transm ssions were not possible.
However, dive-surface profiles are reported for a bowhead whal e identifiable
by natural marks. Efforts to relocate tagged whales fromship and three
aerial receiving stations were unsuccessful.

Aerial surveys were flown from20 July through 12 Septenber, initially
to locate whales but ultimately to relocate and track tagged animals.
Efforts to relocate tagged whal es continued from 16 Septenber through
13 Cctober in collaboration with a BLM (Bureau of Land Managenent)
bowhead survey team working in OCS (outer Continental Shelf) |ease-sale
areas. A brief radio transm ssion was received during one of these
surveys but the presence of atagged whale was unconfirmed by either
further transmssion or visual relocation. A record of all species of
mari ne mammals sighted on surveys is presented.

The devel opnent of a satellite-linked transmtter and requirenents

for a successful satellite tracking program are discussed.
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| NTRODUCTI ON
There are essentially three types of research possible utilizing
radi o tracking technol ogy: 1) short term behavior, activity, and habitat
utilization studies; 2) longer term mgration and distribution studies,
and 3) telenmetry studies yielding information about the physiol ogica
state of the whales and about their environment. Standard radio
frequency (RF) tracking techniques can be used to gather data on
behavi or (including effects of human disturbance), activity patterns
and telemetry on a short term and rather local basis. However, to gather
longer term information on habitat utilization, distribution, migration,
and | ong term physiol ogical and environnmental paraneters, satellite-
linked technology is essential, since logistical and cost factors
preclude any other method of signal acquisition.
The purpose of this research was to provide an overvi ew of

radio tracking potential for large cetacean research, to test the
feasibility of radio tracking bowhead whales, and to initiate the
devel opnent of a satellite-linked transmtter (SLT) for the rempte
acquisition of whale location, novement, and distribution data. The
specific objectives of the program were to:

1) synthesize existing information on tagging and tracking systens,
addressing the advantages and disadvantages of individual tags
and tracking systenms for |large cetaceans, and identify the
technol ogy gaps necessary to advance the state of the art to

a safe and reliable level;



2) conduct a field experiment to deternine the feasibility of
radi o tagging and tracking bowhead whales in the Beaufort Sea,
ultimately via satellite; and

3) design, fabricate and test an SLT for attachment to |arge

cet aceans.



REVI EW OF LARGE CETACEAN TAGAE NG AND MARKI NG TECHNI QUES

H story

Al t hough man since the earliest tines, has studied the |ives of
the other aninmals with which he shares his world not until the
ni neteenth century were systematic marking prograns carried out to aid
those investigations. Prior to that time careful field studies had
provided a | arge accurnul ation of information concerning some phases of
wildlife natural history, but scientists recognized the need for nore
information about territory and hone range, social structure, population
structure, and mgration routes. Thus tags and marks that had been used
primarily to establish ownership or to carry nessages were nodified,
i nproved, and used in conjunction with newy evolving anal ytical techniques
for the rigorous study of the ecology and behavior of animals.

The earliest marking studies were carried out on birds and fish.
Fi sher and Peterson (1964) ascribe the first bird marking to Quintus
Fabius Pictor. "Sometime between 218 and 201 B.C., when the second Punic
War was on', this Roman officer was sent a swallow taken from her
nestlings, by a besieged garrison. He tied a thread to its leg with
knots to indicate the date of his relief "attack, and let the bird fly
back." By the eighteenth century a wide variety of birds including
falcons, herons, swans, and ducks were marked with various types of nane.
plates and netal collars, and during the late nineteenth century a Dane
by the nane of Mrtensen devel oped the al um numleg band which was the

foundation for all subsequent bird banding. By the nineteenth century



various fish species were also being marked. Early sal nonid studies
using ribbon, brass wire, fin cutting and nunbered tags denonstrated
that these species returned to their native rivers to spawn after
spendi ng several years at sea

The first mammals to be-systematically narked were the northern
fur seals of the Pribilof Islands in the midnineteenth century. The
seals were marked by renmoval of the ears to determine their dispersal
movenents, and honming specificity to the rookery of their birth. Later
fur seals and other pinnipeds were marked by a variety of nethods including
brandi ng, dyeing, painting, hair renmoval, and many different tag types
(Scheffer 1950; Hobbs and Russell 1979). By the 1930's the marking of
smal | manmal s had becone a routine method of study, but the capture and
application of tags and marks to nost large mammals still proved difficult.
It was not until the devel opnent of safe drug immobilization techniques
in the 1960's that other |arge manmal nmarking becane a significant research
technique. A thorough review of the history and use of animal narking
and tagging is found in Stonehouse (1978).

Al though a | arge nunber of marking and taggi ng techni ques have
been devel oped and used for the study of aninmals, npbst cannot be used
successfully on cetaceans because of their physical characteristics,
habitat, and general invisibility above the water surface. Cetaceans
have no hair and their epidermal tissue sloughs very rapidly so it is
impossible to clip themor mark them with paints or dyes. Their body
shape, fusiformand highly adapted for aquatic living, nmakes it difficult
and potentially dangerous to the animal to attach identifying objects
on the external body surface. Because cetaceans are widely and relatively

sparsely distributed, they are difficult and expensive to capture and



are essentially inpossible to anesthetize in the field for surgical
practices. Those. cetaceans that |live entirely in the oceanic environnent
pose special problens concerning |ongevity and deconposition of materials
for tags and marks. The problens of capture and handling obviously
become nmore difficult as the size of the cetacean increases.

Despite these overwhel nming obstacles, the marking and tagging of
cetaceans has |ong been recogni zed as the only way to gain insight into
t he unknown aspects of their life history. There are three generalized
nmet hods of recognizing individual cetaceans: 1) natural markings, 2) static
tags, and 3) sonic and radio tags. Each nethod wll he discussed and
eval uated especially in light of their applicability to the large

cetaceans.

Nat ural markings

Since early times people have been able to identify individual
animals by their unique markings. Early whalers, for exanple, knew
of distinctively marked or anomal ously col ored whales |ike the fanous

all-white hull spermwhal e (Physeter nmacrocephal us) after which the novel

Moby Dick was patterned. Researchers today use natural markings and
unusual appearances to identify individuals and nonitor their behavior
and novenent. Pictorial catalogues, for exanple, have been conpiled of

gray whale (Eschrichtius robustus) markings (Swartz and Jones 1980;

Darling 1977), hunpback whal e (Megaptera novaengliae) fluke patterns

(Kraus and Katona 1977, 1979; Lawton et al. 1980), and killer whale

(Orcinus orca) dorsal fin shapes and coloration patterns (Balcomb 1978,

1980). One of the major questions regarding this method of identification

is the reliability and longevity of recognizable markings or defornities.



Available results indicated that identification is possible in nopst

cases over a period of at |least a few years and thus val uable data can

be gathered about site tenacity over seasons as well as short termmgration
and home range, social interactions, activity patterns, and habitat use.

The main drawbacks of this systemare the requisite high | abor intensity

for data acquisition and the small area of possible coverage. Thus, the
limted availability of large, cheap labor pools and local concentrations

of cetaceans with a large portion of identifiable individuals often

preclude such studies.

Static Tags and Marks

Whal ers before the turn of the 20th century occasionally found
ol d harpoons inbedded in the tissues of freshly killed whal es, evidence
of a previous and unsuccessful hunt. From reports of these harpoons,
cetol ogi sts conceived of marking whal es with | abel ed harpoons as a
neans of gathering information on nmigrations, size of stocks, and
effects of exploitation by the whaling industry. Followi ng a successful
experimental tagging cruise in 1932/33, an extensive tagging program
was underaken by the British Discovery Investigations using 23 cml ong
metal tubes fitted with a ballistic head. These marks, which becane
known as Discovery tags, were fired froma 12-gauge, shotgun into the
flesh of the whale. Later, marks were also made for smaller whales
and were shot from a 410-gauge shotgun. Each tag was labeled with a
serial nunmber and an address for return. A reward was offered for
receipt of the tag along with vital information concerning the ani nal
and its taking. Although the Discovery Conmittee discontinued its

i nvolvenent in this marking effort in 1939, Discovery-type marking



continues today by agencies in many whaling countries (for review see
Brown 1978).

It was not until the 1960's, when interest in cetacean studies
greatly increased, that investigators began to experinent with methods
of tagging and marking which did not depend for their success on the
killing of the animal. As a consequence, a variety of externally visible
tags and marks were devel oped to give-the investigator a tenporary or
permanent record of the identity of individual cetaceans.

Because sone porpoi ses and dol phins often ride the bow pressure
wave of boats and ships, they are relatively easily captured or tagged
froma nmoving vessel. In recent years, at least three types of spaghett
streanmers and five types of dorsal fin tags or nmarks have been pl aced
on snall cetaceans.

The spaghetti streaners initially tested on cetaceans by N shiwak
et al. (1966) and Sergeant and Brodie (1969) are generally placed just'
forward of the dorsal fin, a bit to either side of the mdline of the back.
These tags can be attached to free-ranging animals with a pole applicator
(Evans et al. 1972) or crosshow (Kasuya and Oguro 1972) and do not require
capture. The tag consists of a stainless steel barb which penetrates through
the blubber just into the nuscle: a stainless steel or nonofilanment |eader
which is attached to the barb and passes out through the skin; and an
attached streaner which may be a col or-coded extension of the |eader or a
wide, flat strip of tough plasticized material which trails along the
animal's body. Spaghetti tags are nunbered and often | abeled with an
address for return. Because of their small size, the |abels cannot be seen
on a free-ranging dol phin, even at close range, and specific information

can only be obtained when a tag is examined closely on a captured ani ma



or extracted from an animal, usually postnmortem  Color coding, however,
can often he recogni zed froma di stance and may provide critica

i nformation concerning the date and | ocation of tag placenment and
subsequent movement of the animal. Despite early success with spaghett
tags (Perrin et al. 1979), extensive testing showed that tag entry
wounds did not heal which resulted in high tag loss rates and led the
Nati onal Marine Fisheries Service (NMFS) to discontinue their use for
studies in the eastern tropical Pacific (J.C Jennings, NWS Sout hwest
Fisheries Center, La Jolla, CA 92038. Pers. conmmun.).

When investigators need nmore specific and longer-terminformation
about the porpoises and dol phins being studied, they may be required to
capture the animal and apply nmore readily visible tags and marks with
i ndividual coding. The dorsal fin is generally chosen as the site for
tag/mark placement, since it is the nost promnent and easily observed
portion of a surfacing cetacean and is thought to he nore durable than
other potential sites (Evans et al., 1972). Small triangular wedges
clipped out of the tough connective tissue on the trailing edge of the
dorsal fin have facilitated identification of individual cetaceans in
some studies. Alternatively, button or disc tags are placed near the
center of the dorsal fin and are held on both surfaces by a central bolt
whi ch passes through the fin (Evans et al. 1972), and rectangular visua
tags are held in place with two bolts (Irvine and Wlls 1972). The
smal ler Junbo roto tags, a type of cattle ear tag, pivot on a single
stud whi ch passes through the trailing edge of the dorsal fin (Norris and
Pryor 1970). Finally, flag tags, which also pivot on their |eading edge

have been tested in captivity (Evans et al. 1979), but these larger tags



have not, at this witing, been used in the field. The tags nentioned
above have characteristic synbols or al phanuneric designations that allow
individual identification at varying ranges depending on their size

Freeze brands, synbols and al phanumeric designations applied to skin
tissue with irons which have been cooled in liquid nitrogen or dry ice
and al cohol, have proven effective as permanent narks which are highly
visible at noderate ranges (Cornell et al. 1979; Irvine and Wells
1972). These marks have been placed on the back of small cetaceans (for
aerial observers) or on the dorsal fin (for surface observers) causing
no apparent disconfort to the, animal. Irvine et al. (1979) report
a longevity of at l|east four years on a bottlenose dol phin (Tursiops
truncatus) and Wells (pers. commun.) nore recently reports over five
years from the sane dol phin popul ation.

During the md 1970's a great deal of research went into tag and mark
devel opnent for popul ation studies of the small cetaceans taken incidentally
by the tuna fishery in the eastern tropical Pacific. Flow tank and live
ani mal tests provided extensive information on materials and designs
i ncl udi ng: disc tags, rototags, tail stock bands and streamers, spaghett
streamers, button tags, surveyor's tape streamers, dorsal fin clips
dorsal body clips, fin clip saddles, tetracycline tooth deposit narking',
tatooing, and freeze branding (National Fisheries Engineering Laboratory
1978; Evans et al. 1979). Despite these exhaustive studies, no optinmm
static tag has been successfully field tested

The nethods described above have been utilized on a variety of

smal | er cetaceans. However, due to the obvious difficulties of handling
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the larger whales, only renpte application of tags and marks is
practicable. To date, only spaghetti tags (Norris et al. 1976), streaner
tags (Mtchell and Kozicki 1975; Rice et al. 1979), paint and freeze
branding have been tested in external marking of large whales. Because
the life expectancy of streamer tags is so short and the probability of
resighting so poor, only sporadic effort has gone into adapting these

net hods to whales and the results of such prograns have been equivoca
(Brown 1978). Paint marking, tested by the senior author on California
gray whal e barnacles after unsuccessful tests on the skin of porpoise by
Watkins and Schevill (1976), failed to | eave a distinguishing nmark after
the first subnmergence, and the freeze brand applied to the rel eased
captive gray whale, Ggi, was resighted only once after early contact was

| ost (Evans 1974)

Soni ¢ Tags
Leat herwood and Evans (1979) summarized the devel opmental work in
appl ying acoustic tracking devices to cetaceans as foll ows:

"Early attenpts enployed acoustic tracking devices devel oped for

the study of fishes. Schultz and Pyle (1965) attenpted to attach acoustic
transmtters nounted on shall ow harpoon heads to California gray whal es.

Payne (1967, Rockefeller University, pers. commun.) sinmilarly attenpted

to track humpback whales using acoustic devices. In 1967-1968 one of us
(Evans) tested the potential use of sonic transmitters attached by a

suction cup to a captive Tursiops truncatus (unpublished data). None of

these attenpts met with any success. The primary problens identified
were that 1) ranges obtainabl e were unacceptably short; 2) transducers,

both transmtting and receiving, were inadequate; and, inportantly for
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future approaches, 3) the projectors used frequencies that fell within
the hearing ranges (e.g., see Johnson 1966) of these highly acoustic
aninmals. There were significant problens in all these cases with
successful attachnment and operation of the transmitters. But even if
these technical problens had been overcone, it is highly questionable
whet her data obtained- from these systems could have represented "nornal"
behavi oral patterns for the tagged aninals.

Even Kanwi sher (1978) who reports the successful telenetering
of physiol ogical data from unrestrai ned porpoi se nuses that "The
possibility also arises that, upon realizing they are listening to their
own heartbeat, the animals will be fascinated and vary the rate for
their own anusenent.” Watkins (1978) decided early in his cetacean
tracki ng devel opnent program not to use sonic devices on these
acoustically sensitive aninmals. A Blair Irvine (National Fish and
WIldlife Laboratory, Gainesville, FL 32601. Pers. conmmun.) found while
using sonic pinters to study the nmovenments of manatees that ranges were
so short (about 400m that if a tagged animal were ever |ost they were
highly unlikely to relocate it, even in the confines of the St. Johns
River. Irvine also found sonic signals to be sharply confined within a
thermal plume and reduced to 30 mreception within the plume. These
factors combined with the highly unpredictable sound paths of the oceans,
suggest that it is unlikely that any future devel opnent in acoustic
tracking will produce a system capable of tracking free-ranging cetaceans

except for short distances and time spans.
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Radi 0 Tags

Cet aceans spend 85%to 95%of their |ife underwater, nove during
the night as well as the day, and often vanish from the watchful eye of
an observer, even though they may be clearly marked or tagged. The
devel opnent of tracking devices for whal es and porpoi ses has thus
greatly aided investigators in studying the life history of these
animals. For a conprehensive review of tracking systens see M chel son
et al. (1978) and for one of radio telenetry see MacKay (1970). In 1961,

Shevill and Watkins (1966) began devel opment of a radio transmitter for right

whal es, Eubal aena glacialis, based on the design of the early discovery

tag marks. Although the investigators were unsuccessful in tracking
whales with these early transmitters, they aid serve to show the feasibility
of the attachment of radio transmitters to large cetaceans. During this
same time period, other investigators (Evans and Southerland 1963)
were al so considering the use of telenetry in the study of marine aninals.
Bet ween 1967 and 1971, Evans (1971), in conjunction with Ccean Applied
Research (QAR), developed a snall radio beacon that could be attached to
porpoi ses utilizing existant high frequency (HF), citizen band technol ogy.
Because of their short surface tines, it was immediately evident that
automatic direction finding (ADF) capabilities were essential to the
successful tracking of free-ranging cetaceans, and so an ADF was devel oped
by OAR for use in the HF band range (Martin et al. 1971).

There foll owed two basic methods of attaching radio transmitters to
| arge cetaceans: animals were captured and physically restrained
in sone manner so that a radio transnmitter could be attached, and radios
were attached by various rempte methods. In the fornmer case, Norris

attached OAR radio transmitters to gray whale calves with flexible
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el astic harnesses in Baja California and successfully tracked them for
up to four days (Norris and Gentry 1974; Norris et al. 1977); Evans
(1974) attached a radio transnmitter to a yearling gray whale with sutures
in southern California and tracked that aninmal sporadically along the
California coast; and Erickson (1978) attached a VHF radio transmitter
to the dorsal fin of killer whales by using stainless steel pins and
tracked the animals intermttently in Puget Sound, Washington for five
months. Watkins and Schevill continued their remotely inplantable whale
beacon testing and devel opnent programin conjunction with QAR through
the 1970's (for a review of this devel opment program see Schevill and
Wat ki ns 1966; Watkins and Schevill 1977; and Watkins et al. 1980).
Throughout the devel opmental stage of this radio tag, various design
changes have been made, but the concept of a stainless steel shaft
inplanted within the body of the whale with only the antenna exposed has
remai ned constant. These radio transnitters have been inplanted in a
nunber of species of whales and have evolved with each testing. Ray

et al. (1978) tagged and successfully tracked fin whales in the St
Lawence River; Tillman and Johnson (1977) tagged and tracked hunmpback
whal es in southeast Al aska in 1976 and again in 1977 (Marine Manma

Di vision 1977); Watkins et al. (1978; 1981) radi o-tagged and tracked
finback and humpback whales in Prince WIliam Sound, Al aska; Watkins et

al. (1979) tagged and tracked Bryde's whal es (Bal aenoptera edeni) in

Venezuel a and Watkins (1981) successfully tagged and tracked fin whal es,
(B. physalus) near |celand
In 1978, the longevity of systems for the remote attachment of

radio transmitters to free-ranging | arge cetaceans was limted to 17
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days (Watkins et al. 1978). Beginning in that year, alternate systems
were developed to increase the lifespan. Bruce 'Elate, working with Telonics
Inc., of Mesa, Arizona, designed and tested an unbrella stake attachment
with curved tines that penetrated the skin about 7 cm and flared on entry.
These VHF transnitters lay on the surface of the whale and were successfully
used to track gray whales (Mate 1979). Mate (1980) also devel oped a
simlar barnacle radio tag inplantable by bow or gun which was al so
tested successfully on gray whales. Follnann (1980) concurrently devel oped
and tested a VHF radio tag with an attachnent head that toggled
approxi mately 2 inches under the skin and a transmitter and antenna that
lay flat along the external surface of the animal. He was, however
unsuccessful in tracking with this system

At the same tine that investigators were first successfully radio
tracking small cetaceans, Craighead et al. (1972) were testing a
satellite-linked aninmal tracking device on free-ranging elk (Cervus
canadensis). Although these first tests were hanpered by the extreng'
size and weight of the transmtters and were generally thought to be
unsuccessful, they led to a great deal of interest in the possibility of
devel oping smaller, viable transmtters suitable for studies on animals
as wide-ranging in size and habitat as birds and whales. A series of
neetings during the late 1960's and early 1970's defined at great |ength
the needs for satellite tracking, the technological gaps at that tine
and the priorities for devel opment (Galler et al. 1972; Anonynous
1974). However, it was not until the Fish and Wldlife Service (Kolz et

al. 1978) successfully satellite tracked a polar bear (U sus nmaritinus)

for over one year and 1300 kmthat interest in satellite tracking was
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revived. Based on that success, the National Mrine Fisheries Service
enbar ked upon the devel opment of a satellite-linked transmtter

(Jennings and Gandy 1980) for attachment to small cetaceans in the

eastern tropical Pacific. This program has met with a nunber of
probl ens, both electronic and biol ogical, but successful tests are

anticipated in 1981. Both the polar bear and the porpoise transnitters

remain too large for general application to 'narine manmals.

Eval uation and discussion of radio tracking systems

There are currently three basic transmtting and receiving systems
and four different types of radio transmtter attachments avail able
for large cetaceans. Wodbridge (1978) discussed another potenti al
ani mal tracking system using extra low frequencies (ELF), but its
devel opnent and use on cetaceans is inadvisable due to excessive power
requirenents, large size, and possible interference with the whale's
hearing and comunication. Each of the other systems has its benefits
and shortcomings and will be discussed in the follow ng paragraphs.

Hi gh frequency (HF) systems (27-30MHz) - The greatest advantage of
usi ng high frequency systems for radio tracking at sea is the relatively
great theoretical tracking distances attainable from shipboard because
HF radio waves tend to follow the curvature of the earth and are not
bl ocked by ocean waves. Another advantage is the availability of a
relatively efficient ABF, an essential conponent of any operational
radi o tracki ng program. The najor drawback to working at this frequency
is the inefficiency of antennas which limits tracking range 'and, nore
inportantly, necessitates larger radio tags because of the battery demands

required to achieve adequate radiated power. Additionally, because
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frequency scanners or other nmeans of individual identification are not
available at RF, multiple receivers are required to | ocate nore than one
transmtter.

The WHO/QAR radio tag is currently the only attachnent/depl oynent
system available in the HF band. The maxi mum | ongevity of the |atest
iteration of this tag is unknown but there was no indication of rejection
after nine days in the Iceland tests (Watkins 1981). The mmjor advantage
of the WHO/OAR tag is the 30 m deploynment range which makes it potentially
useabl e on any species of large cetacean. Retuning of the antenna has sol ved
some of the early problens of reduced range due to poor antenna orientation.
Because. of the differential novenent of tissue layers through which these
tags pass, the problens of continuous irritation and subsequent healing
difficulties persist. Considerable practice and marksmanship are
essential when using this tag system

Very high frequency (VHF) systens (148-164 MHz) - Highly efficient
antennas are available in this frequency range and the resultant | ow
power requirements pernit the use of very small, lightweight radio tags.
Additionally, VHF scanning and data processing equi pment have been devel oped
to identify individual transmtters and collect telenetry data, and
automated data collection and renpte station capabilities are already
bei ng devel oped. Another advantage of the VHF frequency is the potentia
of | ess noise (the shorter ranges al so provide fewer conpeting signals
froma distance. There are, however, two drawbacks to using VHF for
tracking at this tine: 1) there is no ADF which will work effectively
with the | ow power output fromstandard VHF transmitters, and 2) surface

VHF reception is highly limted to line-of-sight and may be affected by
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sea state. There is also some evidence that |owlevel inversions over
cold water may block VHF propagation entirely for periods of tine.

There are currently three possible attachnent/depl oynent systems for
VHF transmitters: the barnacle and unbrella stake tags devel oped by
Bruce Mate and the whale tag developed by Erich Follnmann. Each of these
tags is snmall and lightweight, but because the transmtters lie on the
surface of the whale, they are subject to dislodgement or crushing. The
umbrel | a stake tag has the best antenna orientation of any tag avail able
but attachment is restricted in use to quiescent whales. The barnacle tag
can be depl oyed on noving whal es but presently has |imted depl oyment
range (5 min this study) and potentially poor antenna orientation.

Al though Follmann's tag is less liable to dislodgenent and crushing than
the other two tags and can be deployed at a greater distance (up to 9.1
m), very poor antenna orientation' and detuning due to antenna contact
with the whale severely linmit the, theoretical range of the transmtter
in its present configuration. A fourth possibility for tracking whales
in the VHF range woul d involve replacing the HF transmtter and antenna
in the WVHO/OAR tag With a VHF transnitter and antenna.

Satellite systens (401.2MHz) - Satellite-linked systems can track
animal s and gather data over vast and inaccessible areas at relatively |ow
cost. As fuel costs rise, this will be an ever increasing advantage over
other tracking systenms for long term or |ong distance studies. All
satellite animal tracking to date has been acconplished using the N nbus
system but since the system has passed its operational |ife expectancy,.
it isincreasingly difficult to be assured of continued operation and

reception priority. The newer Argos satellite systemoffers two |ocation
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and data collection satellites, sun-sychronous and polar orbiting
whi ch have good gl obal coverage especially in the higher latitudes.
The greatest drawbacks to satellite tracking are that no tags are presently
avai |l abl e for whal es and that some whal e species may not surface often
enough during certain behavior modes to insure location by the orbiting
receivers. Satellite tags should have a relatively long retention tine
to increase the probability of successful tracking

In conclusion, it seens clear that the operational tracking of
free-ranging large cetaceans is well within the realm of technol ogical
feasibility. The method of tagging and tracking will be dependent upon
the objectives of a given study and upon the species to be studied. To
insure operational systens, the following tests and devel opnents are

needed:
1) The devel opnent and testing of a VHF-ADF for surface vessels

and aircraft.

2) The devel opment and testing of an autonmated data collecton
unit with hard and soft copy capability for HF and VHF.

3) Inclusion of the '"automated data collection units in renote
stations (capable of data storage for up to two weeks) for nonitoring
coastal species.

4) The devel opnent and testing of HF and VHF telenetry
capability, initially for environmental nonitoring (tenperature and depth)
foll owed by physiological nonitoring (heart beat, blood pressure, core
tenperature).

5) The devel opment and testing of a high-gain, HF-ADF antenna

for. aircraft.
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6) Laboratory and field studies of rejection nmechani snms designed
to gather data which wll suggest devel opnents to increase longevity of tags.
7) The devel opment and testing of an Argos satellite-1inked

[ocation transmtter.

8) Continued devel opment and testing of attachment mechani sms.

BOMHEAD WHALE TAGA NG FEASI BI LI TY STUDY

| ntroduction

In June 1978 the Bureau of Land Managenent (BLM of the U S
Departnent of the Interior entered into an Endangered Species Section 7
consultation with the NVFS to determne the inpact of oil and gas resource
devel opnent in | ease-sale areas of the Beaufort Sea on bowhead and gray
whal es. I n August of that year, NMFS reconmended studies to RLMthat
would fill the data gaps identified during the consultation. One type of
study recommended was to determine the "tinming of movenments and offshore
di stribution of bowhead and gray whal es through the proposed | ease-sal e
areas and adjacent waters." Studying the "overall movement patterns of
bowhead and gray whales in the Beaufort Sea" was also recomended by NWFS
Al though the general pattern of migration is known for bowhead whal es
(Braham et al. 1980; Braham and Krogman 1977; Fraker 1979; Fraker et
al. 1978), the specifics of migratory timng, movenents, and habitat use
are largely unknown and lend thenselves to study by radio tracking
Wth the successful tracking of radio tagged gray whal es along their
mgratory path for up to 95 days (Mate 1979), a test was needed to
determne the feasibility of tagging and tracking bowhead whales; In
addition to determining the feasibility of finding, approaching, and

taggi ng bowhead whales, this study sought to determine longevity of the
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tags, effect of the tags on behavior, dive-surface profiles, and novenent
patterns of bowheads in the vicinity of the northern Al aska Quter

Continental Shelf (QOCS) |ease-sale areas..

Study Area

For these initial tests a study area was chosen which would afford
the maxi mum probability of |ocating bowhead whales in ice-free waters
of the Beaufort Sea, where the aninals could be approached easily by
surface vessel and tagged wi thout ice nearby on which the whal es m ght
dislodge the surface-mounted transmitters. It was also inperative to
have an accessible logistical base with an airfield and supplies. After
studyi ng whaling and sighting records (Bodfish 1936; Cook 1926; Fraker
and Bockstoce 1980; Hazard and Cubbage 1980; Ward 1979) and interview ng
researchers who had worked in the Beaufort Sea (H W Braham Nati onal
Marine Manmal Laboratory, NMFS Northwest and Al aska Fisheries Center,
Seattle, WA 98115; M A. Fraker, LA Ltd, Vancouver, B.C., Canada V6P 6Gb;
D.E. Sergeant, Arctic Biological Station, Fisheries and Marine Service,
Ste. Anne de Bell evue, Quebec, Canada, H9X 3L6; and |I. Stirling, Canadian
WIldlife Service, Ednonton, Al berta, Canada, T5K 2J5. Pers. conmun.)
the village of Tuktoyaktuk was chosen as the |ogistical center because
of the high probability of |ocating concentrations of whal es between
Cape Perry on the east and Herschel Island on the west. The relocation
area enconpassed the entire Beaufort Sea from approximately 125°W near
Cape Perry, Northwest Territories, Canada, to 155°Wnear Point Barrow,
Al aska, and offshore to approximately 72°N (Fig. 1). This area included

the "north slope" COCS |ease-sale area from 146°Wto 154°W .
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Figure 1.



Figure 2 (top left)

Radio transmitter tags used for tagging
bowhead whales: barnacle tag, left;
umbrella stake tag, right.

Figure 3 (bottom)
Modified drug immobilization rifle
used in deployment of barnacle tags.

Figure 4 (top right)

Compound bow equipped with a re-
trieval reel tested for use in deploy-
ment of barnacle tags.
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Field Preparation

O prine inportance to this study was the testing, alteration,
and fabrication of the radio tags. The tag types chosen for this
experinment were devel oped and thoroughly field tested by Bruce Mate on
gray whales (for description see Mate 1979 and Mate 1980). These barnacle
and unbrella stake tags (Fig. 2) had, however, never been tested on any
other cetacean species. Therefore, frozen bl ubber blankets were acquired
from bowhead whal es taken in the annual Eskinmo harvest; and although the
bl ubber sanples did not accurately portray in vivo tissue responses,
tests were undertaken to sinmulate the effects of the two tags on bowhead
tissue and the effectiveness of the holdfasts relative to gray whale
tissue." The tags were tested and altered and retested over a 6 day
period with the follow ng results:

Barnacle tag - The maxi mum di stance for proper deploynent and
antenna orientation of barnacle tags was initially calculated to be
approximately 5 m Thus, all test tags were fired from5 minto the
avai | abl e pieces of bowhead bl ubber which included the fascia but not
the skin and were extracted with a spring scale to give a relative indication
of holding power of various test configurations. Video tape recordings
were made of test firings to allow instant reevaluation. Initial tests
showed that deployment by a drug imobilization rifle (Zulu Arnms, Omaha

Nebr aska; Fig. 3)2 was superior in speed and accuracy to depl oynent by

1 special thanks for the bl ubber sanmples to Tom Al bert, Erich Fol | man,
Gordon Jarrell, and the Eskinm whaling captains who gave themtissues.
2 Reference to trade nanes does not i nply endorsenent by the

National Marine Fisheries Service, NOAA
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a conpound bow (Bear- Archery, Gainesville, Florida; Fig. 41, and that
the new teflon tine retaining rings worked well. They al so suggested the
following nodifications and further tests: 1) place barbs on the tines
to add greater holding power, 2) further deform tines before loading to
create more flare, 3) file base of tines to help themfurther deform
upon entry, and 4) dissect out shots to deternine deformation in situ.
Further test shots and dissection indicated that the addition of barbs
and the further deformation of the tines before | oading contributed
significantly to the holding power of the tags and that filing the bases
of the tines nade no difference. Thus, the barnacle tags for the field
experinments were fabricated with flaring tines, barbs, teflon
retaining rings, 7.5 cmby 1 m Saflag visual streamers (Safety Flag
co. of Anerica) and. the S2B5 transmitter and antenna (Telonics, Inc.)
tested by Mate. The streaners were designed to aid in visual relocation
and to provide a standard for determning the length of the tagged whal e
by aerial photogrammetry.

Unbrella stake tag - Early tests of this tag depl oyment system
(see Fig. 5) indicated that the stakes were not seating against the base
pl ate nor deform ng when entering bowhead tissue as they had on gray
whal e tissue. These tests suggested the addition of barbs to the
unbrella stake tines to increase hol ding power and further testing to
determine if the stakes were not seating because of bounce back or because
of lack of power for penetration. \Wen barbs were added to the stake tines

they uniformy seated on the baseplate and required well over tw ce
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as nmuch force to dislodge. Subsequently, barbs were added to all stakes
for the field exercises.

The receiving systemwas identical to that used by Mate (Tel onics
TR-2 receiver, TS-1 scanner, TDP-2 processor, and DF receiver). However
rather than rely on individual frequencies for unique identification of
each tagged animal and run the risk of mssing a signal froma tag during
a frequency scan, 15 transmtters were tuned to one frequency and the
individual transmitter was identified by the time between pul ses. The
remai ning three transmtters were tuned to another frequency and used
as backups.

The success of the tagging project depended on our ability to find
and approach bowhead whales at quite close range and then to radio track
them from the surface and fromthe air. The 48 ft notor vessel,

Pressure Ridge (Fig. 6) was chartered for the study. People famliar

wi th bowhead whales in the Arctic (J. J. Burns, Al aska Departnent of
Fi sh and Game, Fairbanks, AK 99701; R Silook, Ganbell, AK 99742; and

V. Steen, Captain, Pressure Ridge, Tuktoyaktuk, Northwest Territories

Canada, XCE 1lco. Pers. conmun.) felt that whales could be approached

in an al um num boat with outboard motor fromthe Pressure Ridge to within

5 mfor tagging with the barnacle or unbrella stake tags. A 16 ft Lund
Al um num boat was purchased (and shipped to Tuktoyaktuk) with a variety
of outboard notors and was nodified for two sets of oars so that various
met hods of approach could be tested. A satellite navigation system was

| eased for Pressure Ridge to assure accuracy of sighting |ocations and

vessel position.
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A Gunman Goose, Nr780, already surveying for bowhead whales in the
Beaufort Sea under contract to BLM was modified to carry two,
side-1ooking, high gain, two-element yagi antennas and two whi p antennas
for direction finding (DF) capability. The Gumman N780 was nade avail abl e
periodically through the sunmmer in the eastern Beaufort Sea and then again
in the fall in the central and western Beaufort for reconnai ssance and
for radio tag relocation effort. In addition, renmovable nounts for
si de- | ooki ng, high gain antennas were fabricated for aircraft of
opportunity and small charter aircraft (one set for high w ng Cessnas
(Fig. 7) and one set for Twin Oters).

In order to provide photodocunmentation of the research and
to provide the field party with a very useful tool for instantaneously
eval uating research protocol and whal e behavior, a portable video tape
unit was tested for field use. Video taped sequences could be used to
conpare normal bowhead behavior to the behavior of tagged whale's, to
docunent tag condition over time, and to record whale reaction to
tagging. Still photos were taken of all phases of preparation and

field activities.

Field Activities

Beginning 17 July, the Ofice of Aircraft Services of the U S
Departnent of the Interior in Anchorage nodified G umman N780 for aerial
radio tracking. After installation and testing of the antennae and
receiving equipment in Anchorage, aerial surveys for bowhead whal es were
flown enroute to Tuktoyaktuk along the Al aska and Canadi an Arctic coasts.

Nine gray whale, six walrus (Qdobenus rosmarus) and two white whale
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(Del phi napterus | eucas) sightings were nmade al ong the west coast of Al aska

on July 20 (Fig. 8) and two large schools of white whales were sighted in
Canadi an coastal waters on July 21 (Fig. 9);no bowhead whales were
sighted on either day of the survey. Further surveys were flown on 22 and
23 July to locate bowhead whal e concentrations in the eastern Beaufort
Sea. In 7 1/2 hours of flight along the Tuktoyaktuk Peninsula, Baillie
I'slands, and in Liverpool and Franklin Bays, only one possible sighting
of a. single bowhead (70°37.5'N, 129°50.6'W was made in addition to four
sightings of ringed and bearded seals and six sightings of 33 white
whal es noving predom nantly southwest toward the Mackenzie River Delta
(Figs. 10, 11). Before Gumman N780 returned to Al aska on 24 July, al
radi o receiving systems were tested and calibrated, and the survey crew
was given instructions in the use and care of the aircraft receiving

equi pnent .

On August 3 the charter vessel, Pressure Ridge, |eft Tuktoyaktuk

Har bor conpletely outfitted for 15 days at sea, searched for bowhead
whal es reported along the Tuktoyaktuk Peninsula and then continued

on to the vicinity of Baillie |slands where whaling records indicated

t he abundant occurrence of whales in early August (Fraker and Bockstoce
1980). The scientific party spent 4 days searching as far east as
Franklin Bay and recorded only one unconfirmed bowhead whal e sighting
along with 2 sightings of ringed seals (51 aninmals) and 4 sightings

of bearded seals (4 aninmals) (Fig. 12).

The Pressure Ridge returned to Tuktoyaktuk to solve radio

conmuni cation problens and to determne the |ocation of whale
concentrations reported by Mark Fraker ("Effects of Human Di sturbance"

study, LA, Ltd.). Between 9 and 11 August a total of 34 bowhead whal es
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were encountered on 5 occasions and in 2 cases tagging was attenpted

and abandoned after a short tine because of heavy fog (Fig. 13). A
school of about 70 white whal es was sighted on 9 August headi ng west
toward, the MKinley Delta. Bowhead whal es encountered during this tine
were nmoving quite rapidly and could only be tagged with the ballistically
depl oyed barnacle attachment, since unbrella stake tags can only be
attached to relatively sedentary whales. Bowheads were approached in

the al um num skiff at high speed as was advised by native hunters, but
each tine the skiff came within about 30 m, the whales sounded. In no
instance was it possible to maneuver within tagging distance. Fou

weat her then forced the Pressure Ridge back to Tuktoyaktuk Harbor on

11 August.

On 13 August Gunmman N780 returned to Tuktoyaktuk to survey the
nearshore waters and to determne the distribution of whales. In 22
sightings 30 whal es were counted between Warren Point and Cape
Dal housie (Fig. 13) during systematic surveys flown parallel to the
Tukt oyaktuk Peninsula on 14 August. Subsequently, survey and search
flights were flown (Figs. 14-23; Table 1) to determine any change in
distribution and to direct the tagging team to areas of maxi mum whal e
concentration. While in Tuktoyaktuk awaiting good weather, a barnacle
tag was tested on a white whale killed in the Eskinmo fishery. The tag
depl oyed very well and is recomended for radio attachment for that
speci es.

Bad weat her conditions prevented any work fromthe Pressure R dge

between 16 and 19 August. The aircraft survey crew made 88 sightings
of 161 bowhead whales during this time (Figs. 14, 15). On 19 August the

vessel charter was terminated by nutual agreenent and the tagging team
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TABLE 1.--Sighting data collected by aircraft and shipboard observers in the

eastern Bering Sea between 3 August

and 12 Sept enber

1980

Number of Number of

Mean Group
Date Platform ‘Speciesl .Sightings Animals Size + S.D.
August 3 Pressure Ridge BE 1 1 1 +0
S RS 1 50 50 +0
. BS 2 2 1 +0
BAugust 4 - Pressure Ridge BO 1 1 1 +0
BE 2 2 1 +0
BS - 1 1l 1 +0
August,5 ?ressure Ridge - 0 - - -
August 6 Pressure Ridge RS 1 1 1 '+ 0
: BS 1 1 1 +0
August 7 Pressure Ridge - 0] - - -
August 9 . Pressure Ridge BO 3 24 8 + 10.4
BE 1 70 70 +0
August 10 Pressure. Ridge BO 1 1 1 + 0
August 11 Pressure Ridge BO 1 9 9 +0
August 14 Grumman N780 BO 22 30 1.36 + 0.95
August 16 Pressure Ridge - 0 - - -
August 18 Grumman N780 BO 28 47 1.68 + 1.02
August 19 Grumman N780 BO 60 114 1.90 + 1.27
BE -3 14 4.67 + 1.53
August 19 Pressure Ridge - 0 - - -
August 20 Grumman N780 BO 46 157 3.41 + 4.95
BE 18 194 10.78 412,95
‘RS 4 5 1.25 + 0.50
August 20 Ungaluk RO 2 32 16.00 + 5.66
‘ ' BE 1 1 1 +0
RS 7 13 1.86 + 2.27
August 21 Grumman N780 . BO 59 245 4.15 + 4,98
‘ BE 3 49 16,33 +22,37
GW 1 1 1 + 0
RS 6 113 18.83 +15.38



TABLE 1.--Sighting data collected by aircraft

eastern Bering Sea between 3 August

40

and 12 Septenber

and shi pboard observers in the
1980- - cont i nued.

Number of

Number of

Mean Group
Date Platform Speciesl Sightings Animals Size '+ S.D.
August 21 Ungaluk BO 92 193 2,10 + 3.40
RS 15 36 2.40 + 1.68
August 22 Grumman N780 BO 19 85 4.47  +5.10
BS 1 9 9 +0
August 22 Ungaluk BO 69 92 1.33 + 0.82
‘ RS 23 24 1.04 + 0.21
August 23 Ungaluk BO 5 20 4,00 + 6.71
RS 18 23 1.28 + 0.57
August 24 Ungaluk BO 26 30 1.15  + 0.37
BE 1 10 10 +0
RS 9 11 1.22 + 0.44
August 31 Grumman N780 BO 6 12 2.00 + 1.10
BE 7 23 3.27 + 2.14
PB 1 1 1 +0
Sept. 3 Grumman N780 BO 4 8 2,00 + 0.82
Sept. 4 Grumman N780 BO 1 2 2 +0
Sept. 12 Skymaster BO 25 37 1l.48 + 0,82
BE 3 17 5.67 + 8.08
RS 2 51 25.50 +34.65
BS 1 1 1 +0
PR 1 1 1l +0
1 BO = Bowhead Whale
BE = White Whale
GW = Gray Whale
RS = Ringed Seal
BS = Bearded Seal
PB =

Polar Bear
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transferred fromPressure Ridge to a shared charter with an NVFS research

team aboard the sailing vessel Ungal uk.

During the afternoon of 29 August, whales were sighted from the Ungal uk
inthe vicinity of Warren Point along the Tuktoyaktuk Peninsul a
(Fig. 24) and tagging was attenpted fromthe al umi num boat, again using
the outboard notor. Various approach angles and speeds were tested but
only one approach canme near firing range (about 10 m, and the shot
taken with a barnacle tag fell well short of the whale. After 3 hours
fog closed in and further tagging attenpts were only possible fromthe
Ungal uk. Quiet approach by sail worked well and at 2330 hours (69°54'N
132°12' W barnacle tag nunber 135 with a white streanmer was placed on
a 35 ft bowhead (Fig. 25). The aninmal had rolled on its side and the
transmtter was inplanted mdway down the |eft upper body, too |ow for
transm ssion on each surfacing. Wen tagged, the whale kept rolling in
its sounding dive without changing speed or thrashing flukes. Signals
were received intermttently for 10 minutes and then | ost.

Because of the successful tag placenment under sail, it was decided
to attenpt further quiet approaches by rowi ng the al unm num boat rat her
than using the notor. On 21 August (for cruise track see Fig. 26)
barnacl e tag nunber 137 with a yell ow streamer was successfully placed
on a 40 ft bowhead whal e using the rowing technique (Fig. 25). After
the tag inplanted, the whale continued to lay at the surface for about
4 seconds, twitched its skin, and slowy swam away. G unman N780 was
surveying in the area (Fig.20) and was able to receive signals fromthe
tagged animal until it ran low on fuel, about 1 |/2 hours after initial
radio contact. The dive-surface data collected at that time fromtag

nunber 137 (Fig. 27) was contam nated to an unknown extent by radio
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INSTRUMENTED AND NON-INSTRUMENTED
WHALE SURFACINGS
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Figure 27. Each single line represents a signal acquired by aircraft
fromradio tagged whale #137and lines with arrows represent
the dive/surface pattern of a bowhead recogni zable from natura
markings. Two tags may have been transmtting during this
period. Time is indicated along the horizontal axis in mnutes.
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transm ssions at the sanme frequency from Ungal uk and the tagging skiff.
The receiving range fromthe Ungal uk, which should have been 15 mles,
had deteriorated since previous tests to less than 2 niles; and by
the tinme faulty antenna connectors were identified and repaired, the
whal e had di sappeared and signals were not received again. Later that
day, a barnacle tag shot mssed a bowhead at close range. There was
no visible reaction to the discharge or to the tag striking the water
about 2 m beyond the whale

On 22 August the aerial survey team searched for the tagged
whal es and then returned to Alaska. For the next 3 days (Figs
28-301, the scientific party aboard Ungal uk searched for | arge
concentrations of whales but the bowheads seemed to be spreading out and
moving west rapidly. One group of juvenile whales (approxinmately 30
ft in length) surfaced repeatedly within about 50 mof the al um num
boat, but the skiff was too heavy and awkward to be rowed fast enough to
reach 'them before sounding. However, dive-surface profiles were collected
fromaninmals identifiable by natural scar patterns, and one profile was
conpared to the radio transm ssions fromtag nunber 137 (Fig. 27).

Al though | arge nunbers of whal es were seen al ong the Tuktoyakt uk
Peni nsul a between 25 and 27 August by LG and NMFS scientists, the
Ungal uk, which had run aground on 25 August, was unfit to return to sea.
On 30 August the aerial survey teamattenpted to fly to Tuktoyaktuk but
was forced to return to Deadhorse because of weather. No whales were
sighted on that flight between Prudhoe Hay and Herschel Island (Fig.
19). Surveys conducted aboard G umman N780 on 31 August and 3 and 4
Sept enber indicated that bowhead whal es had di spersed from the Tuktoyakt uk

Peninsula (Figs. 20-23) and no large concentrations were found (10
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Figure 31. Aerial survey flown on 12 Septenber to define bowhead distribution
and to relocate tagged whales. There were 25 sightings of 37
bowheads, 3 sightings of 17 belugas, 2 sightings of 51ringed
seal s, and one bearded seal and one polar bear sighted on this
survey.
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sightings of 20 bowheads). Flights between 4 and 12 Septenber, however,
sighted large concentrations of whales 30 to 50 nmiles off the Tuktoyaktuk
Peninsula; On 12 Septenber, 25 sightings of 37 whales were nade from an
aircraft chartered to relocate tagged bowheads (Fig. 31). Despite
extensive monitoring from Gunman N780, the LG chartered aircraft, and a
chartered Skymaster, no transm ssions were received fromtagged whal es

in the eastern Beaufort Sea after 21 August and no vessel was avail able
for further tagging after 24 August.

The essential tagging gear was shipped west aboard G umman N780 on,
13 Septenber when the opportunity, arose to attenpt tagging in the central
Beaufort Sea in the vicinity of Beaufort Lagoon. An Al aska Departnent of
Fish and Garme team had been able to approach a few bowhead whales in a
21 ft Boston whaler there during the second week in Septenber, but by
the time the tagging effort began on 14 Septenber, severe ice conditions
had set in and only a few unsuccessful attenpts to |locate whal es were
possible. Ice conditions such as those pictured in Figure 32 made it
difficult to locate and approach bowheads, even when assisted by aircraft
with air-to-ground conmunication system Heavy ice after 20 Septenber
ended attenpts to place nore radi o tags on bowhead whal es during the
1980 season.

From 16 Septenber through 13 Cctober, however, flights were made in
conjunction with the BLM bowhead survey teamto relocate the two tagged
whal es as they passed the OCS | ease-sale areas during their fall nmigration.
On one occasion during this time, a brief radio transm ssion was received
but the presence of a tagged bowhead whal e was unconfirnmed by either

further transmissions or visual relocation (Fig. 1).
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Figure 32

In September tagging efforts continued
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Di scussi on

As in any first year research in a renote area, |ogistical problens
required an inordinate anount of time and effort and in sonme cases made
it inpossible to realize research goals. For exanple it was not possible
to test the unbrella stake attachment or to photo- and vi deodocunent the
tagging effort because the scientific party aboard Ungal uk, with two
distinct and immiscible research nethods, was too small to acconplish
these tasks. The lack of a truly reliable and seaworthy vessel capable
of reaching whal e concentrations quickly and staying at sea for an extended
time was and renmnins, the predoninant problemin working on bowhead
whales in the Beaufort Sea. The ideal vessel should be l|arge enough to:
1) weather the nost severe storns encountered during the summer and fall;
2) carry a crewcapable of safe vessel operation around the clock for at
| east 2 weeks; and 3) accommmodate a scientific party of sufficient
size to carry out all facets of the research without undue stress (24
hour watches, tagging, photodocunmentation, oversight). Because vessels
are extrenely expensive in the Arctic ($3,000day mnimum), a smaller
hi gh speed vessel which coul d house a ship's crew of at |least three and
a scientific party of at least four might serve as an alternative. Such
a vessel could reach whal e concentrations quickly during breaks in the
weat her and run from foul weather as it approached.

The results of this study and sone previous studies (for exanple,
Norris et al. 1976) suggested that aircraft may he ineffective for relocating
radi o tagged cetaceans except in very special circunstances such as
popul ations with highly defined mgratory pathways or confined hone
range. The problemarises fromthe interpretation of negative data

(i.e., does "no signal" mean the aninmal was not in the area covered by
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the aircraft, the transmitter had fallen off, the aninmal did not surface
while the aircraft was within range, orthe antenna angle precluded

signal reception?) and the |ow probability of encountering a given cetacean'
in the relatively small area possible to search by an aircraft. The
latter problemis conpounded when the relocation effort is conmbined with
aerial surveys since transmnission reception is cut by 2/3 to 3/4 at the

| ower altitudes necessary for visual sightings. Distance trials using a
test transmtter showed that the survey aircraft flying at 1,000 ft.

over about a 40 mile swath (20 nmiles on each side) and received signals
over about a 140 nile swath flying at 8,000 ft. Thus, a signal could be
detected from a given point on transect (e.g., a-surfacing whale) for 1
hour and 10 mnutes at 120 knots from 8,000 ft, while at 1,000 ft the
aircraft would pass out of contact with that point in 20 mnutes. Although
far larger than surface vessel coverage capability, the relocation area
covered by aircraft at reasonable cost, even at high altitudes, is quite
smal | conpared to the area of habitat available to highly nobile or
noncoastal migrating cetaceans.

Sone of the problens of aircraft location are solved if renote
stations can he used to collect activity pattern, novenent, and migration
data from radi o tagged individuals. Renpte stations, however, are
appropriate only for certain coastal species where a significant portion
of a migratory popul ation passes within range of the receiving antenna
or where tagged individuals remain within range of the receiver for a
prolonged period. Since this research sought to gather data on the
coastal nmnovenents of bowhead whales, a contract was awarded for a

prototype self-contained, portable, automated data collection unit
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whi ch could scan a selected nunber offrequencies at variable scan rate
and reliably record time,- frequency, and pulse interval for any received
pul ses over a two-week period. Aso, since the amunt of data collected
during a shipboard or aircraft radio tracking study can be prodigious,

the automated data collection unit, which will code and store information
on conputerconpatible magnetic tape as well as hard copy (ticker tape),
should greatly facilitate data reduction. Unfortunately, due to a supplier
delivery failure, the prototype unit was not available, for testing during
the 1980 field season.

The greatest difficulty in tracking whales using VHF radio tracking
systems has been the |ack of an ADF capable of giving an instantaneous:
directional readout of short pulse VHF signals without trenendous gain
loss and thus greatly diminished tracking distance. Before truly successfu
operational shipboard and aircraft VHF radio tracking can proceed, a
VHF- ADF rmust be avail abl e which is conparable to that devel oped by Martin
et al.(1971) for lower frequencies (HF).

As Mate (1980) pointed out, identifying individual transmtters with
uni que frequencies adds to the problem of aerial reacquisition since an
animal on the surface nmight he nissed during a receiver frequency scan
even while within reception range. In order to alleviate this problemin
this study, 15 transmitters were placed on the same frequency and
individually identified by a unique interpulse interval as neasured by a
pul se analyzer (Telonics, Inc.). This system ensured no | oss of
reception due to a frequency scanning hut had three major drawhacks:

1) three clear, strong pulses nmust be received to determne identity,

and these pul ses may not be received due to poor antenna orientation or
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short surface tine; 2) the interpulse interval nay vary over time in the
field, although laboratory tests denonstrated stability to within 10
mlliseconds; and 3) confusion can easily devel op while tracking a tagged
whal e if another tagged whale is nearby or a transmitter is accidentally
actuated as was the case on 21 August, 1980. If frequency scanning is

to be used in the future, a locking scanner would clearly facilitate
tracking. The nodified scanner would hold onto an incom ng signal so
that the tracker knows which frequency to nonitor on the followi ng whale
surfaci ng.

One of the-goals of this research was to determine the response of
bowhead whales to tagging. From previous experience with spaghetti tagging
whal es and capturing and handling a variety of large and small cetaceans,
no adverse reaction to tagging was anticipated. Additionally, Mite (1979
1980) observed very little reaction to the placenent of unbrella stakes
or barnacle tags on gray whal es and even noted continued "friendly" or
curious behavior after tagging. In reviewing thirteen tagging attenpts
with the WHO / CAR whal e tag on three species of whale, Watkins (1981)
descri bes short termwhal e reaction to vessel nmaneuvering but al most no
reaction to tagging per se. (Ohers who have used the WHO / OAR tag had
reported sone short-term behavioral disturbance and suggest that tagged
animals are perhaps "more wary than usual of approaching boats"

(Marine Manmal Division 1977; J.H Johnson, National Marine Mimma
Laboratory, NMFS Northwest and Al aska Fisheries Center, Seattle, WA
98115, pers. commun.): The reactions observed in the bowhead tagging
study did not differ from those previous observations. Wen approached

by notorized vessel, bowheads generally showed some sign of avoi dance.
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However, when approached quietly, by sail or by oar, only the slightest
reaction to tagging was noted

The reasons for |oss of signals fromthe two tagged whal es renain
| argely unknown. Certainly the antenna cable connector shorts
were partially responsible for the signal |oss aboard Ungal uk. However,
it is useful to speculate on two other possibilities: 1) the signal my
have been lost due to |low | evel inversions over the cold water (Watkins
di scontinued using VHF frequencies for radio tracking for this reason),
and 2) although it seenms very unlikely because of conplete depl oynent,
the transnitters may have been dislodged inmmediately by the whales.
Further tests involving simultaneous tagging with HF and VHF frequency
transmtters should deternmine the relative effectiveness and efficiency
of each frequency as well as test for effectiveness of attachnent and
the effect of possible inversions upon signal reception.

In conclusion, the bowhead whal e taggi ng program experienced n xed
success. One of the major goals of the research, the deternination of
the feasibility of open ocean taggi ng of bowhead whal es without harmto
whal es or taggers was conpletely realized and successfully acconplished
and the logistical fabric for future work in the Beaufort Sea was
est abl i shed; In addition, this research suggests. that 1) the use of
aircraft for primary relocation of wide ranging,. tagged whales is generally
i nappropriate, 2) a VHF-ADF for shipboard and aircraft tracking nust be
devel oped, and 3) further bowhead tracking requires a suitable vesse
with crew and scientific party of sufficient size and dedication to
insure success. Both barnacle and unbrella stake tags depl oyed and held
well in laboratory tests on bowhead bl ubber, and barnacle tags depl oyed

perfectly in the field trials. Therefore, if a suitable vessel could be
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acquired, there is great likelihood that a very successful tagging and

tracki ng program could be achieved with bowhead whal es.

SATELLI TE- LI NKED TRANSM TTER DEVELOPMENT

Because of the high cost and often overwhel ming |ogistica
consi derations involved in radio tracking cetaceans by ship and aircraft
in the open ocean, responsible agencies and scientists have shown great
interest during the past decade in the devel opnent of satellite-linked
tracking and data collection. 1In order to attach satellite transnitters
to whales utilizing existent techniques (i.e., WHO/QOAR tag, barnacle
tag, unbrella stake tag), currently available transmitters need an
exponential reduction in power requirements because batteries conprise
the major portion of their mass. A contract was awarded for the
devel opnent of a processor-controller which would naintain constant
frequency stability, 'format and sequence nessage outputs, and process
i ncom ng environnental and physiol ogi cal paraneters at very |ow enerqgy
cost. However, the CMOS chip which was being comercially devel oped
and therefore available at |ow cost for use in the processor-controller
failed to neet production specifications and the transnitter devel opnent
program was disconti nued.

One of the nost inportant considerations prior to undertaking a
satellite tracking programwas to calculate the probability of |ocating
a whal e given the orbiting characteristics of the satellite, the data
necessary to solve the location algorithns, and the surfacing
characteristics of the whale species being studied. Wile data is

readily available concerning the satellite and problem solutions,
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dive-surface profiles are available for only a few species, and even

these profiles do not cover the wide range of activity patterns exhibited
during the life cycle of the species. In actuality, a large enough sanple
size to ensure accurate profiles can only be obtained by radio tracking
experiments.

There are two approaches that can be used to deternine the
probability of locating a whale, by satellite. First, if information is
available on the tine interval between successive surfacings and if this
variable can be fit to some known distribution (for exanple, the norma
distribution), it is possible to sinulate a dive pattern by selecting
nunbers at random from the appropriate distribution. The series of
ti mesbet ween successive surfacings can then be summed until they
exceed the maxi mum amount of tine the satellite is in view of the
transmtter, the "window'. It is assumed in this nodel that the
duration of a dive-surface cycle is unaffected by the | ength of
previ ous cycles.

Bowhead whal e dive-surface data gathered by Koski and Davis (1980)
and Davis and Koski (1979) from the eastern Canadian Arctic, by Wersig
et al. (1981) and ourselves fromthe Beaufort Sea, and by Carroll and
Smi t hhi sl er (1980) fromthe Chukchi Sea indicated that these whales
exhibit awide variety of activity patterns. Mean dive tines range
from3.2 minto 9.6 minwith large variance, and nmean surface times
range from1.09 mn to 1.69 min again with a [arge variance.

Wiersig's dive profile indicated that there were two distinct dive
patterns: a short cycle which lasted anaverage of 105 sec (s.d. 39 sec)

and a long cycle which lasted 435 sec (s.d. 56 sec). It was assunmed that
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1) these two patterns were equally likely and that dive cycles were

i ndependent of each other, 2) the satellite window would start in the
mddle of the first dive cycle, and 3) the satellite w ndow was 780 sec
(13 min) long as is the case in the Argos system Nine dive patterns of
at least 780 sec in duration were simnmulated by selecting at random either
the long or short dive pattern and then selecting at random from t hat
distribution. This was repeated until the accunul ated ti me was greater
than 780 sec. Six of these nine simulations had two surfacings wthin
the 780 sec window, one had three surfacings, and two had four surfacings.
The Argos systemrequires five uplinks or "hits" and thus no |ocation
solution would be possible with this profile; however it has been estinmated
that only three hits would be necessary for a solution with a renote user
termnal (John Bryan, Od Dominion Systems, Gaithersburg, Mryland 20760.
Novenber 6, 1979 pers. commun.) It is clear that there are many other
factors which enter into the successful |ocation of whales by satellite
and that a mni mum of 1000 simulations should be run to get an accurate
prediction.

A second approach is to estinate directly the probability of
receiving a mnimum nunber of hits in a specified tine. Assumng that
the dive tines and surface tines are independent and nornally
distributed and that the wi ndow can start when the aninmal is underwater
or at the surface, the follow ng equations apply:

If x and y are normal, where

X4 length of time spent underwater

Yi length of time spent on surface

given yu x = x,ny = ;1 Ox = Sx' Gy = Sy;
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then Pr (aninmal surfaces 5 times as required for an Argos location fix

between | and J seconds, the satellite w ndow) =

4 5 -
Pr(I ¢ ‘'x3 + y; <J) X +
i=1 i=1 R+9
4 ’ 5
Pr(Ic X; +1/2% + y; <3 X
i=1 i=1 2+9

Let A equal the first probability statement and B the second. Then:

A = Standard normal probability of

\/}202 + 5202
O . y
- St. nornmal prob. of Y

X : Y

(J - 4.54 - 54 ) (I - 4.54_ - 5u_|
B = St. normal. = X X - St. normal N S 4

. f4.5202 5202 ‘ \/4.5202 + 5202
x + y ‘ b S Y

It must be renenbered that the Argos system requires that the first and

J - 4ux - 5uy
-4y -5u

last hit be separated by at l|east 480 sec (7 min) and that each transm ssion
be separated by at |east 40 sec.

Rot h of these approaches are really only first order approxinations.
Data can be nore easily incorporated in the simulation procedure and it
seens nore flexible.. The probability procedure is confounded by the fact

that it is possible to get more hits than specified into-the w ndow



58

ACKNOWLEDGEMENTS

Many peopl e and organi zations have contributed their val uable
time, resources and ideas w thout which this research woul d have been
inpossible. To all who have aided us we give hearty thanks. Special
thanks are extended to: Bruce Mate and Jim Harvey for assisting us in
every way with the tagging and tracki ng equi prent which they had
devel oped, Dave Beaty and his staff at Telonics for their hard work in
putting together the tagging and tracki ng system Mark Fraker and his
research party for advice and good conpany, Jim Cubbage and his research
party for sharing their charter of Ungal uk with us, Don Ljungblad, Brent
Stewart, and Mary F. Platter-Rieger for their total cooperation in all
phases of the field work, Doug DeMaster for working out the satellite
| ocation probability procedures, the NVFS and NOAA contracting and
purchasing staff for their help and patience, Bruce Mate, Bill Watkins
and the Marine Manmal Division Staff for their comments on this paper,
Miriel Wod for typing and retyping this manuscript, Bob MKenzie and
his Ungaluk crew for their assistance and enthusiasm Lloyd Lowy and
Kat hy Frost for making the Beaufort Lagoon tagging effort possible, John
El Iman and his staff for their fine machine work and understandi ng, Done
Petrol eum and Polar Continental Shelf Program for |ogistical support,
Roger Silook and the Al aska Eskinp Waling Conm ssion for their participation,
and the Hunters and Trappers Association of Tuktoyaktuk and the Canadi an
and Northwest Territories governnents for assenting to this research.

The research was funded by the Bureau of Land Managenent under

i nteragency agreenment AA851-1AO 32.



59

-

REFERENCES
Anonynous. 1974:  WIldlife '"nonitoring programplan. Natl. Aeronaut.
Space Adnin.,, Ames.Res. Cent., Mffett Field, Calif., 72 p.

Bal comb, K C 1978. Killer whales (Ocinus orca) in Puget Sound.

Unpubl. rep. Moclips Cetological Society, P. 0. Box 1154, Friday
Har bor, WA 98250

Bal conb, K C. 1980. The killer whale, Ocinus orca, in Puget Sound.

VWWal e Mus., Friday Harbor, Wash., Cetus 2(5):6-7..

Bodfish, H H 1936. Chasing the bowhead. Harvard Univ. Press,
Canbri dge, Mass., 281 p.

Braham H W, and B. D. Krogman. 1977, Population of the bowhead

(Bal aena nysticetus) and beluga (Del phinapterus |eucas) whale in the

Bering, Chukchi and Beaufort seas. Processed Rep., 29 p. Natl. Mar.
Mammal Lab., Northwest and Al aska Fish. Cent.,, Natl_Mir. Fi sh.
Serv., NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115.

Braham H W, M A Fraker, and B. D. Krogman. 1980. Spring nigration
of the western arctic popul ation of bowhead whales. .Mar. Fish. Rev.
42(9-10) : 36- 46.

Brown, S. G  1978. \Whale marking techniques. In B. Stonehouse (editor),
Ani mal marking: recognition marking of animals in research.
Proceedings of the R S.P.C. A Synposium London 1977, p. 71-80.

Carroll, G M, and J. R Smthhisler. 1980. (bservations of bowhead

whal es during spring migration. Mar. Fish. Rev. 42(9-10): 80-85.



60

Cook, J. A 1926. Pursuing the whale, a quarter-century of whaling
in the Arctic. Houghton Mfflin Co., Boston, Mss., 344 p.
Cornell, L. H, E D. Asper, K GOsborn, and m. J. Wiite. 1979.
I nvestigations on cryogenic marking procedures for marine manmals.
U S Mir. Mamal Conm, Washington, D.C., Rep. MMC-76/16, 24 p.
Craighead, F. C, J. J. Craighead, C E Cote, and H K Buechner.
1972. Satellite and ground radiotracking of elk. InS R Gller,
K. Schmidt-Koenig, G J. Jacobs, and R E Belleville (editors),
Animal orientation and navigation., p. 99-111. Natl. Aeronaut.
Space Admin., Washington, D. C
Darling, J. 1977. The Vancouver Island gray whales. \aters,
J. Vancouver Aquarium 2(1):5-19.
Davis, R A, and W R Koski. 1980. Recent observations of the
bowhead whale in the eastern Canadian high Arctic. Rep. Int.
Whal i ng Comm  30: 439- 444,

Erickson, A. W 1978. Population studies of killer whales (Ocinus orca)

in the Pacific Northwest: radio-marking and tracking study of
killer whales. US. Mar. Mumal Conm, Washington, D. C., Rep.
MMC- 75/ 10, 35 p.
Evans, W E.  1971. Oientation behavior of delphinids: radio telemetric
studi es. Ann. N Y. Acad. Sci. 188: 142- 160.
Evans, W E. 1974, Telenetering of tenmperature and depth data froma free

ranging yearling California gray whale, Eschrichtius robustus.

Mar. Fish. Rev. 36'(4):52-58.
Evans, W E., J. D. Hall, A B. Irvine, and J. S-. Leatherwood. 1972.

Met hods for tagging snmall cetaceans. Fish. Bull., US. 70:61-65.



61

Evans, W E., and W W Sutherland. 1963. Potential for telenetry in
the study of aquatic animal comunications. In L. E Slater
‘(editor),. Rio-telemetry, the use of telemetry in animal behavior and
physiology in relation to ecol ogical problenms, p. 217,-224. Permagon
Press, New York. N Y.

Evans, W E., M J. Wite, V. S. Qurevich, and J. Norris. 1979.

The biology of small whales. U 'S. Dep. Navy, Of. Naval Res.,
Contract Rep. N0O0014-77C- 0212, 116 p.

Fisher, J., and R T. Peterson. 1964. The world of birds. Doubleday &
Co., Inc., New York, N Y., 118 p.

Fol Imann, E. H  1980. Biotelenetry. In Investigation of the
occurrence and behavior patterns of whales in the vicinity of the
Beaufort Sea |ease area, p. 127-133. Unpubl. rep. Naval Arctic
Research Laboratory, Barrow, Al aska, final report for the period
Cctober 1, 1978 through November 30, 1979. (Prepared for U S. Dep.
Inter., Bur. Land Manage., Anchorage, Al aska)

Fraker, M A 1979. Spring migration of bowhead (Bal aena nysti cet us)

and white whal es (Del phinapterus leucas) in the Beaufort Sea.

Can. Fish. war. Serv. Tech. Rep. 859, 36 p.

Fraker, M,A, and J. R Bockstoce. 1980. Summer distribution of
bowhead whales in the eastern Beaufort Sea. Mar. Fish. Rev.
42(9-10): 57- 64.

Fraker, M A, D. E Sergeant, and W Hoek. 1978. Bowhead and white
whales in the southern Beaufort Sea. Dep. Fish. Environ., Sidney,

B. C, Beaufort Sea Tech. Rep. 4, 114 p.



62

Galler, SO R, K Schmdt-Koenig, G J. Jacobs, and R E. Belleville
(editors). 1972. Aninal orientation and navigation. Natl.
Aeronaut. Space Admin., Sci. Tech. Inf. Of., Washington D. C.,
606 p.

Hazard, K W, and J. C. Cubbage. 1980. Bowhead whale distribution
and abundance in Amundsen @Qulf, Northwest Territories, Canada,
sumrer 1979.  Unpubl. rep., 20 p* Natl. Mar. Mammal Lab., Northwest
and Al aska Fish. Cent., Natl. Mr. Fish. Serv., NOAA 7600 Sand
Point Wy N E, Seattle, WA 98115. (Submitted to the Int. Waling
Corm, as Dot. SC/32/PS9).

Hobbs, L., and P. Russell (editors). 1979. Report on the pinniped and
sea otter tagging workshop, January 18-19, Seattle, Washington.
Am Inst. of Biol. Sci., Arlington, Va., 48 p.

[rvine, A B., M D. Scott, R S. Wlls, J. H Kaufman, and W E.

Evans. 1979. A study of the activities and novenents of the

Atlantic bottlenosed dol phin, Tursiops truncatus including

an evaluation of tagging techniques. U S.-Dep. Commer., Natl.
Tech Inf. Serv. Springfield, Va., PB-298 042,.54 p.
Irvine, B., and R S. Wlls. 1972, Results of attenpts to tag Atlantic

bottl enosed dol phins (Tursiops truncatus). Cetology 13:1-5.

Jennings, J. G, and W F. Gandy. 1980. Tracking pelagic dolphins
by satellite. In C J. Adaner, Jr., and D. W MacDonald (editors),
A handbook on biotelenetry and radio tracking, p. 753-755.  Permagon
Press, xford, England.

Johnson, C. S. 1966. Sound detection thresholds in narine nammals.
In W N Tavolga (editor). Marine bioacoustics, p. 247-260.

Permagon Press, New York, N Y.



63

Kanwi sher,,J. W 1978. Monitoring free ranging animals. Tech. Rev.
32- 39.

Kasuya, T., and N. Qguro. 1972. A new tagqing nethod of dol phins.
Sci. Rep. Whales Res. Inst. 24:81-85.

Kolz, L. A, J. W Lentfer and H G Falleck. 1978.  Pol ar bear

tracking via satellite. In Proceedings of the Instrument Society

of Anmerica 15th annual Rocky Mountain Bi oengi neering Synposi um and
15th International |SA Bionedical Sciences Instrumentation Synposium
17-18 April 1978, Ames, lowa, p. 137-144.

Koski, W R, and R A. Davis. 1980. Studies of |ate summer
distribution and fall migration of marine mammals in NWBaffin
Bay and E Lancaster Sound, 1979. Unpubl. rep. 214 p. LG Ltd.,
Toronto, Ontario, Can. (Prepared for Petro-Canada Explorations,
Cal gary, Alberta, Can.).

Kraus, S., and S. Katona (editors). 1977. Hunpback whales (Megaptera

novaeangliae) in the western North Atlantic: a catal og of

identified individuals. Coil. Atl., Bar Harbor, Mine, 26 p.
Kraus, S., and S. K. Katona. 1979. Phot ographic identification of

i ndi vi dual hunpback whal es (Megaptera novaengliae): eval uation

and analysis of the technique. US. M. Mmal. Comm, Washington,
D.C., MMC-77/17, 29 p.

Lamton, W S., M E Towner; D. W Rice, and A A Wl nan. 1980.
PI SAR - a conputerized photo-identification systemfor hunpback
whal es.  Unpubl. rep., 15 p. Natl. Mar. Manmal Lab., Nort hwest
and Al aska Fish. Cent., Natl. Mar. Fish. Serv., NOAA 7600 Sand Poi nt
N.E. Seattle, WA 98115. (Submitted to Int. Waling Conm as Doc.

sc/ 31/ Doc PS11.1



64

Leatherwood, S., and W E. Evans. 1979. Sone recent uses and potentials
of radiotelenetry in field studies of cetaceans. |n Behavior
of marine animals, Vol. 3., p. |-31. Plenum Publishing Corp., New
York, N. Y.

Mackay, R S. (editor). 1970. Bionedical Telenetry. Wley and Sons.
New York, N. Y., 388 p.

Marine Mammal Division. 1977. Radio,tagging of hunpback whal es-1977.
Unpubl. rep. ,7 p. National Marine Mammal Lab., Northwest and
Alaska Fish. Cent., Natl. Mir. Fish. Serv., NCAA, 7600 Sand Point
Way N.E., Seattle, WA 98115.

Martin, H B., W E Evans, and C. A Bowers. 1971. Methods for
radio tracking marine manmals in the open sea. Proc. |EEE
Conf. on Eng. Ccean Environ., Sept., 1971, p. |-6.

Mate, B. 1979; Report to project whales (NARL) on radio tagging of
gray whales in Baja Mexico. Unpubl. rep., 22 p. Oegon State Univ.,
Mar. Sci. Cent., Newport, OR 97365

Mate, B. 1980. Draft report to the Bureau of Land Managenent Cuter
Continental Shelf Program on whale tagging. Unpubl. rep. Oregon
State Univ., Mar. Sci. Cent., Newport, OR 97365

Mchelson, R C, J. Breedlove, and H H Jenkins. 1978. Automated

tracking of the Florida manatee (Trichechus manatus). Natl.

Aeronaut. Space Admin., Rep. NASIO9097-F, 162 p.
Mtchell, E, and V. M Kozichi. 1975. Prototype visual mark
for large whales nodified from "Discovery" tag. Rep. Int. Waling

Conm  25: 236- 239.



65

National Fisheries Engineering Laboratory. 1978. Porpoise tagging
progress report. Unpubl. rep., 7 p. Natl. Fish. Eng. Lab.,

Sout heast Fish. Cent., Natl. mMar. Fish. Serv., NOAA, 75 Virginia
Beach Drive, Mam, Florida 33149. (Prepared for Natl. wMar. Fish.
Serv., Southwest Fish. Cent., La Jolla, Calif.).

Ni shiwaki, M, M Nakajim, and T. Tobayana. 1966. Prelimnary
experiments for dolphin marking. Sci. Rep. Wales Res. Inst.
20: 101-107.

Norris, kS., 1 e Dohl, R C Guess, L. J. Hobbs, and M W Honig.
1976. Nurmbers, distribution, and nmovenments in the Southern
California Bight. In Marine nanmmal and seabird survey of
the southern California Bight area, Vol. 3, No: 1, p. ,270-440.
Univ. Calif., Santa Cruz.

Norris, K. S., and R L. Gentry. 1974, Capture and harnessing of young

California gray whales, Eschrichtius robustus. Mr. Fish. Rev.

36(4):58-64.
Norris, K S., R M. Goodman, B. Villa-Ramrez, and L. Hobbs. 1977.

Behavior of California gray whale, Eschrichtius robustus in

southern Baja California, Mexico. Fish. Bull., US. 75:159-172;
Norris, k. S., and K W Pryor. 1970. A tagging method for small
cetaceans. J. Mammal 51:609-690.
Perrin, W F., W E. Evans, and D. B. Holts. 1979. Movenments of

pel agi ¢ dol phins (Stenella spp.) in the eastern tropical Pacific

as indicated by results of tagging, with summary of tagging
operations 1969-76. U S. Dep. Commer., NOAA Tech. Rep. NWS

SSRF-737, 14 p.



66

Ray, G C, E E Mtchell, D. Wartsok, V. M Kozicki, and R. Maiefski.

1978. Radio tracking of a fin whale (Bal aenoptera physal us).

Science (Wash., D.C) 202:521-524.

Rce, DD W, A A Wlmn, and D. E. Wthrow.  1979. Prelimnary
report on gray whale research at Scammon's Lagoon, Baja California,
Mexi co during the 1979 season. Unpubl. rep., 20p. Natl. Mar.
Mammal Lab., Northwest and Al aska Fish. Cent., Natl Mar. Fish.
Serv., NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115.
(Subnmitted to Int. Whal. Comm. as Doc. SC/31/D0OX).

Scheffer, V. B. 1950. Experinments in the marking of seals and
sea lions. US. Fish WIdl. Serv., Spec. Sci. Rep. WIdl. No. 4.

Schevill, W E., and W A MWatkins. 1966. Radio-tagging of whales.
Wods Hol e Cceanogr. Inst., Wods Hole, Mass., Tech. Rep. Ref.
66-17, 15 p.

Schultz, J., and C. Pyle. 1965. Cat bites whale. Yachting 118(43):

48-50, 92-94.

Sergeant, D. E., and P. F. Brodie. 1969. Tagging white whales in the
Canadian Arctic. J. Fish. Res. Board Can. 26: 2201-2205.

Stonehouse, B. (editor). 1978. Animal marking: recognition marking of
animals in research, Proceedings of the RS P.C. A Synposium
MacM | lan Press, Ltd., London, England, 257 p.

Swartz, S. L., and M L. Jones. 1980. Gay whales, Eschrichtius robustus,

in Laguna San lgnacio and its near-shore waters during the
1979-1980 winter season. Unpubl. rep., 37 p. National Mrine Manmal
Laboratory, Northwest and Al aska Fish. Cent., Natl. Mar. Fish.

Serv., NOAA 7600 Sand Point Way N E., Seattle, WA 98115.



67

Tillman, M F., and J. H Johnson. 1977. Progress report on radio-
taggi ng hunpback whal es. Processed rep., 5p. Northwest-and
Al aska Fish. Cent., Natl. Mar. Fish. Serv., NOAA 7600 Sand Poi nt
Wy NE, Seattle, WA 98115.

ward, J. G 1979. Bird and mammal surveys in the Cape Perry Area,
Northwest Territories. Unpubl. rep., 40 p. LA Limted, Toronto,
Ontario, Canada. (Prepared for Dowe Petroleum Ltd.)

Watkins, W A 1978. A radio tag for big whales. Cceanus 21(2):48-54.

Wat ki ns, WA 1981. Radi o tagging of finback whales - Iceland, June-
July 1980. Wbods- Hole Cceanogr. Inst., Wods Hole, Mass., Tech.
Rep. Ref. 81-2, 46 p.

Watkins, W A 1981. Reaction of three species of whales to

inplanted radio tags, Balaenoptera physalus, Megaptera

novaeangl i ae, and Bal aenoptera edeni. Deep-Sea Res. 28A(6):589-599.

Watkins, W A; G N di Sciara, and K E. Mbore. 1979.  (Qbservations

and radio tagging of Balaenoptera edeni near Puerto La Cruz,

Venezuel a. Wbods Hol e Cceanogr. Inst., Wods Hole, Mass., Tech.
Rep. Ref. 79-89., 8 p.

Watkins, wA., J. H Johnson, and D. Wartzok. 1978. Radio tagging
report of finback and humpback whales. 78-51. Wods Hole Cceanogr,
Inst., Wbods Hole, Mass., Tech. Rep. Ref. 78-51, 13 p.

watkins, W A ,K E More, D Wartzok, and J. H Johnson. 1981.

Radi o tracking of finback (Bal aenoptera physal us) and hunpback

(Megaptera novaeangliae) whales in Prince WIIliam Sound, Al aska.

Deep-Sea Res. 28A(6):577-588.
Watkins, W A, and W E. Schevill. 1976. Underwater paint narking of

porpoises. Fish. Bull., US. 74:687-689.



68

Watkins, W A, and W E. Schevill. 1977. The devel opment and testing

of a radio whale tag. Wods Hole Cceanogr. Inst., Wods Hole,

nass., Tech. Rep. Ref. 7-58, 38 pi

Watkins, W A, D. Wartzok, H R Martin,

and R R Mhuiefski. 1980.

A radio whale tag. In F. P. Dfener, E. J. Vernberg, and

D. 2. Mrkes, (editors). Avanced concepts in ocean neasurenents

for marine biology, p. 227-241. Univ. S. C Press, Colunbia,

s. C., Belle W Baruch Libr. Mir. Sci. 10.

Woodbridge, D.D. 1978. Potential use of E.L.F. radiation for tracking

manatees. Unpubl. rep., 25 p. Ceorgia Inst. Technol., Eng.

Exp. Stn., Atlanta, .
Weersig, B., C W dark, EE M Dorsey, M A Fraker, and R S. Payne..

1981. Normml behavi or of bowheads.. In W J. Richardson

(editor), Behavior, disturbance responses and feeding of bowhead

whales in the Beaufort Sea, 1980. Unpubl. rep., p. 21-90.

LG Ecol. Res. Assoc., Inc., Bryan, TX 77801. (Prepared for U S.

Dep. Inter., Bur. Land Manage., Wash., D.C



	GENERAL DISCLAIMER
	ABSTRACT
	TABLE OF CONTENTS
	INTRODUCTION
	REVIEW OF LARGE CETACEAN TAGGING AND MARKING TECHNIQUES
	History
	Natural markings
	Static Tags and Marks
	Sonic Tags
	Radio Tags
	Evaluation and discussion of radio tracking systems

	BOWHEAD WHALE TAGGING FEASIBILITY STUDY
	Introduction
	Study Area
	Field Preparation
	Field Activities
	Discussion

	SATELLITE-LINKED TRANSMITTER DEVELOPMENT
	ACKNOWLEDGEMENTS
	REFERENCES


