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INFORMATION FOR PARTICIPANTS

Workshop to Assess Possible Systems for Tracking Large Cetaceans

TIME

MEETING PLACE

ACCOMMODATIONS

IF YOU COME
BY AIR

24 February 1987 9:00 a.m. -6:00 p.m.
25 February 1987 9:00 a.m. -10:00 p.m.
26 February 1987 9:00 a.m.-noon

First floor conference room, Building One (1)
of the Northwest and Alaska Fisheries Center,
7600 Sand Point Way, NE, Seattle, Washington

A block of rooms has been reserved at the
University Plaza hotel, 400 N.E. 45th Street,
Seattle. The room rates are $39.00 for a
single room and $45.00 for a double room, plus
a 12.9-% tax. The hotel phone number is
(206) 634-0100. Participants are responsible
for making their own room reservations.

The University Plaza hotel is on the route of
the Ease Everett Airporter Shuttle. The shuttle
leaves the Seattle/Tacoma airport every hour on
the half hour from 6:30 a.m. to 8:30 p.m. After
8:30 p.m., there are runs at 9:45, 10:45, and
11:45 p.m. The trip from the airport to the
hotel takes approximately 1/2 hour and costs
$7.00 one way and $12.00 round trip. No
reservations are required for the airport pick-
up. Reservations should be made a day in advance
for the hotel pick-up (206/743-3344). At the
airport, the shuttle stop is on the lower level
at the far north end, past the United baggage
claim area.
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Draft Agenda

WORKSHOP TO ASSESS POSSIBLE SYSTEMS FOR TRACKING

24 February

9:00-9:15

9:15-9:30

9:30-9:45

9:45-10:15

10:15-10:30

10:30-12:30

12:30-1:45

1:45-3:15

3:15-3:30

3:30-4:30

LARGE CETACEANS

Welcome and Introductions

Review of Workshop objectives

General overview of cetacean conservation problems
requiring movement or other types of data that might
best be obtained by satellite-linked radio tracking
or other t~es of telemetry

Discuss and agree, as possible, on performance
standards and technical specifications for a
successful cetacean tracking system

Coffee break

Review and critique past and planned efforts to radio
tag and track large cetaceans

- J. Goodyear
- S. Swartz
- A. Martin
- W. Watkins
- B. Mate

Lunch

Review other radio tagging/tracking programs that may
contribute to identifying and resolving problems
concerning large cetacean tagging/tracking

- K. Frost (beluga whales)
- G. Rathbun (manatees and dugongs)
- R. Hill (Antarctic seals)
- S. Fancy (polar bears, caribou, walrus)

Coffee break

Review existing satellite tracking system
and constraints (D. Beaty and/or S. Tomkoewitz)

E!
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4:30-6:00

6:00

Review problems that have been encountered and
identify steps that possibly could be taken to
overcome problems with--

Tag retention (Discussion leader to be named)
Delivery systems ( ‘~ B* ?! 1! II )
Transmitters ( !1 1? II 1! 1? )

Batteries (Discussion leader to be named)
Antennas ( !1 lr 1! II 1! )
Satellites ( ‘t It II 1! II

)

Accessing data ( 11 1! If 1! II )
Other ( II 11 1! 1! 1!

)

Adjourn

A 25 February 1987

0900-1015

10:15-10:30

1o:30-11:15

11:15-12:00

12:00-12:15

12:15-1:30

1:30

Continue
possibly
problems

identification and discussion of steps that
could be taken to ovecome identified

Coffee break

Identify other possible means
tracking for obtaining needed

(e.g., acoustic
movement or other data

List and, as possible, rank identified research and
development tasks according to the likelihood that
they will contribute to development of a safe and
effective system for tracking large cetaceans

Constitute working groups to develop work .statements
and estimate the time, money and special logistic
requirements necessary to complete identified tasks

Lunch

Working group meetings

9:00-11:00 Review

11:00-11:45 Review

11:45-12:00  Review

and discuss working group reports

principal workshop findings and conclusions

~lans for preparing and distributing the
draft w&kshop

12:00 Adjourn

report
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BOWlil?AD  WNALE RADIO TAGGING FEASIBILITY STIIDY
AND RIIVI EW OF LARGP: CETACEAN TAGGING

by
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and
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ABSTRACT

This report reviews marking and tagqinq techniques, their feasibility,

success, and history of employment on larqe cf?ta Ce.9nS. Static tags, freeze

hrandinq, paint marking, natural marks,  and sonic tag= are dis~U~~~d.

Emphasis is placed on radio taqs. Three radio trackinq systems and

four types of radio transmitter attachments currently available for large

cetaceans are evaluated and discussed.

Results of a feasibility study usinq a VHF radio tracking system on

“bowhead whales are presented. On 20 and 21 August 1981 radio tags were

deployed on two howhead whales (Ba Laena mysticetus  ) in the eastern BeaufOrt

Sea (69”54’N x 132”12’W). From one whale, signals were received intermittently

for 10 rein, the other, for one and one-half hours. Reliable dive-surface

profiles of tagged whales from these transmissions were not possible.

However, dive-surface profiles are reported for a bowhead whale identifiable

by natural marks. Efforts  to relocate tagged whales from ship and three

aerial receiving stations were unsuccessful.

Aerial surveys were flown from 20 July through 12 September, initially

to locate whales but ultimately to relocate and track tagqed animals.

Efforts to relocate tagged whales continued from 16 September through

13 October in collaboration with a 13LM (Bureau of Land Management)

howhead survey team workinq in OCS (Outer Continental Shelf) lease-sale

areas. A brief radio transmission was received during one of these

surveys but the presence of a tagqed whale was unconfirmed by either

further transmission or visual relocation. A record of all specieS of

marine mammals siqhted on surveys is presented.

The development of a satellite-linked transmitter and requirements

for a successful satellite trackinq  proqram  are discussed.
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INTROD1 ICYI’  ION

There are essentially three types of research possible utilizinq

radio trackinq technology: 1 ) short term behavior, activity, and hahitat

utilization studies; 2 ) lonqer term miqration  and distribution studies,

and 3 ) telemetry studies yielding information about the physiological

state of the whales and about their environment. Standard radio

frequency (RF ) trackinq  techniques can be used to gather data on

behavior (including effects of human disturbance), activity patterns,

and telemetry on a short term and rather local basis. However, to gather

lonqer term information on habitat utilization, distribution, miqration,

and long term physiological and environmental parameters, satellite-

linked tecbnoloqy  is essential, since logistical and cost factors

preclude any other method of signal acquisition.

The purpose of this research was to provide an overview of

radio trackinq potential for large cetacean research, to test the

feasibility of radio tracking bowhead whales, and to initiate the

development of a satellite-linked transmitter (SLT) for the remote

acquisition of whale location, movement, and dis trihution data. The

sp=ci fic Objectives of the program were to:

1) synthesize existing information on taqginq and tracking systems,

addressing the advantages and disadvantages of individual tags

and tracking systems for large cetaceans, and identify the

technology qaps necessary to advance the state of the art to

a safe and reliable level:

U-i



2)

3)

2

conduct a field exparimlent to determine the feasibility of

radio taqqi nq and trackinq  howhead whales in Lhe lkaufort.  .Sea,

ultimately via satellite) and

dcs+iqn, fahrieate  and test. an SLT for at. t.achmrnt to larqe

cetaceans.

3

REVILW  m LARGE cETACEAf4  TAGGING AND NARKING TECHNIQUES

History

Although man since the earli est Limes, has studied the lives of

the other animals with which he shares his world not until the

nineteenth cent-ury  were systematic markinq  programs carried out to aId

Lhose investigations. Prior to Lhat time careful field studies had

provided a larqo accumulation of information concerning some phases of

wildlife natural history, but scientists recognized the need for more

information about territiry  and home range, social structure, population

structure, and migration routes. Thus tags and marks that had been used

primsrily Lo establish ownership or to carry messaqes were modified,

improved, and used in conjunction wiLh newly evolving analytical techniques

for the riqorous sLur3y of the ecology and behavior of animals.

The earliest marking studies were carried out on birds and fish.

Fisher and Peterson ( 1964) ascribe the first bird marking to Quintus

Fahius Pictor. “Sometime hstween 218 and 201 B.C. , when the second Punic

War was on, this Roman officer was sent a swallow tsken from her

nestlinqs, by a besieged garrison. He tied a thread to its leq with

knots ta indicate the date of his relief attack, and let the bird fly

hack. ” By the eighteenth century a wide variety of birds inclurfinq

falcons, herons, swans, and ducks were marked wiLh various f-ypss of name

plates and metal collars, and during the late nineteenth century a Dane

by t_he name of Mortensen developed the aluminum leg band which was the

foundation for all subsequent bird handing. By the nineteenth century
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various fish spscies  were also heinq marked. Ear ly salmonid studies

usinq ribbon, brass wire, fin cui_Linq and numbered tdqs demonstrated

that these spscies returned to their naLive rivers to spawn after

spendinq  several years at sea.

The first mammals to be systematically marked were the northern

fur seals of the Pribilof Islands in the midnineteenth  century. The

seals were marked hy removal of the ears tu determine their dispersal,

movements, and homing specificity to the rookery of their birth. Later,

fur seals and other pinnipeds  were marked  by a variety of methods including

branding, dyeinq, painting, hair removal, and many different tag types

(Scheffer  1950; Hobbs and Russell 1979). By the 1930’s the marking of

small mammals had become a routine method of study, but the capture and

application of taqs and marks to most large mammals still proved difficult.

It was not until the development of safe drug immobilization techniques

in the 1960’s that other larqe mammal marking became a significant research

i_e chnique. A thorough review of the history and use of animal marking

and tagginq is found in Storehouse ( 1978) .

Althouqh a larqe number of marking and tagginq  techniques have

been developed and used for the study of animals, most cannot be used

successfully on cetaceans because of their physical characteristics,

habitat, and qeneral  invisibility shove the water surface. Cetaceans

have no hair and their epidermal  tissue sloughs very rapidly so it is

impossible to clip them or mark them with paints or dyes. Their body

shape,  fusiform and highly adapted for aquatic livinq,  makes it difficult

and potentially danqerous  to the animal to attach identifying objects

on the external body surface. Because cetaceans are widely and relatively

S!nrsely distrih”ted, they are difficult and expensive to capture and

are essentially impossible to anesthetize in the field for surgical

practices. Those cetaceans that live entirely in the oceanic environment

pose spscial problems concerning longevity and decomposition of materials

for tags and marks. The problems of capture and handling obviously

become more difficult as the size of the cetacean increases.

Despite these overwhelm ng ohs tac les, the marking and tagging of

cetaceans has long been recognized as the only way to gain insiqht into

the unknown aspects of their life history. There are three generalized

methods of recognizing individual cetaceans: 1) natur”al  maikings, 2) static

tags, and 3 ) sonic and radio tags. Each method wi 11 he discussed and

evaluated especially in

cetaceans.

Natural markings

Since early times

animals by their unique

of distinctively marked

light of their applicability to the larqe

people have bsen able to identify individual

markings. Early whalers, for example, knew

or anomalously colored whales like the famous

all-white bull sperm whale (Physeter macrocephalus ) after which the novel

Moby Dick was pa tternsd. Researchers today use natural markings and

unusual appearances to identify individuals and monitor their behavior

and movement. Pictorial catalugues, for example, have been compiled of

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

Darling 1977), humpback whale (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

is the reliability

major questions regarding this method of identification

and longevity of recognizable markings or deformities.

-+
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Available resul La indir!at.nd  I hat irh?ntif Lc.ation is possible in most

cases over a period nt al ledst a ftiw years dnd thus valuable daLa can

he qdLhe ted dbouL $+i Le Lf?ndci  t y over !:i?,+$~ons :IS WC?I1 as shnr L Lerm miqra Lion

and home ranqt?,  so(:i d} i nt cr,)rt.ion:~, ,lc L I vi I y lmt t.orns,  and habi Lat use.

The main drdwhack!:  [>f t.hi:; !3Y!+l Cm are the re?qinisit.c  hiqh lal>or in Lensity

for dal.a acquisition .>nd the small 1 drea of possik)le  covi?raqe. Thus, Lhe

limited avai lahi Ii t v of larqe, rht>ap lalx>r POOLS dnd local concentrations

of cet_ac<!anq WI 1 h a Iarqe port inn of iden Lit iahle individuals of Len

preclude such studif!s.

Static Taqs and Harks—.. - --. —

Whalers hefor<! Lhc turn of Lhc 20th century occasionally found

old harpoons imberlderf in the tissues of freshly killed whales, evidence

of a previous and unsuccessful hunl.. From repor Ls of these harpoons,

c<?tologists conceived of ml~rkinq whales wiLh labeled harpOOns  as a

means of qatherinq  information on migrations, size Of stocks, and

effects of exploi La Lion by Lhe Whalinq indus Lry. rollowinq  a successful

experimental t.aqqinq cruise in 1912/33, an exLensive  Laqging program

was underaken  hy the Hritish niscovery  Inves Libations using 23 cm-lonq

metal Lubes fitted wiLh a ballistic h[!arf. These marks, which became

known as Discovery La({S, were fired from a 12-qi+uq(? shoLqun  into the

flesh of the whdle. Later, marks wfire also made for smaller whales

and were shot from a 41 fl-qauqe sho Lq!m. Each taq was labeled with a

serial  numhcr and an address for return. A reward was offered for

receipt of the taq alonq wi th vi LrIl information concerni nq the animal

and its takinq. A1 Lhouqh Lhe Discovery Commi LLec!  di.=.cent.inued its

involvement in this markinq elf,lr L in 1939, Discovery-type marking

7

continues today by agencies in many whalinq  countries (for review see

Brown 1978) .

It was not until the 1960’s, when interest in cetacean studies

qreatly  increased, Lhat investigators heqan to experiment with methods

of taqginq and markinq  which did not depend for their succees cm the

killinq  of the animal. As a consequence, a variety of externally visible

tags and marks were developed to qive the investigator a temporary or

parmanent  record of the identity of incfividual cetaceans.

Because some porpoises and dolphins often ride the how pressure

wave of boats and ships, they are relatively easily captured or taqqerl

from a movinq vessel. In recent years, at least three types of spaghetti

streamers and five types of dorsal fin tags or marks have been placed

on smal 1 cetaceans.

The spaqhetti  streamers initially tested on cetaceans hy Nishiwaki

et al. ( 1966) and Sergeant and Brodie (1969) are qenerally  placed just

forward of the dorsal fin, a bit to either side of the midline of the hack.

These tags can be attached to free -ranqinq animals with a pole applicator

(Evans et al. 1972 ) or crossbow (Kasuya and K)guro 1972) and do not require

capture. The tag consists of a stainless steel barb which penetrates throuqh

the blubber just into the muscle; a stainless steel or monofilament leader

which is attached to the barb and passes out throuqh  the skin; and an

attached s treamer which may he a color-coded extension of the leader or a

wide, flat strip of tough plasticized material which trails along the

animal’s body. Spaghetti taqs are numbered and often labeled with an

address for return. Because of their small size, the labels cannot be seen

on a free- ranqing dolphin, even at close ranqe, and specific information

can only be crhtained when a tag is examined closely on a captured animal

co



or extracted from an animal, usually postmortem. Color codinq, however,

can often he recognized from a distance and may prOvide critical

information concerning the date and location of taq placement and

subsequent movement of the animal. Despite early success with spaqhetti

taqs (Perrin  et al. 1979), extensive testing showed that taq entry

wounds did not heal which resulted in hiqh taq loss rates and led the

National Marine Fisheries Service (NNFS ) to discontinue their use for

studies in the eastern tropical Pacific (J .C. Jenninqs, NMFS Southwest

Fisheries Center, La .Jolla, CA 92038. Pe rs. commun.  ).

When investigators need more specific and lonqer-term  information

shout the porpoises and dolphins beinq studied, they may ha required to

capture the animal and apply mere readily visible tags and marks with

individual codinq. The dorsal fin is generally chosen as the site for

tag/mark placement, since it is the most prominent and easily observed

portion of a surfacinq  cetacean and is thouqht to he more durable than

other potential sites (Evans et al. , 1972 ). small triangular wedges

clipped out of the touqh connective tissue on the trailinq  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

which pass,es throuqh  the fin ( Evans et al. 1972 ), and rectangular visual

taqs are held in place with two bolts (Irvine and Wells 1972). The

smaller Jumbo roto taqs, a type of Cattle  ear tag, Pivot On a single

s Cud which psses through the trailinq edqe of the dorsal fin (Norris and

Pryor 1970). Finally, flaq tags, which also pivot on their leading edge,

have hen tes ted in captivity (Evans et al. 19791, hut these larqer taqs

,

1

1

(

(

I

I

have not, at this writing, been used in the field. The tags mentioned

ahove have characteristic symbols or alphanumeric designations that allow

individual identification at varying ranqes depending on Lheir size.

Freeze brands, symbols and alphanumeric designations applied to skin

tissue with irons which have been cooled in liquid nitrogen or dry ice

and alcohol, have proven effective as psrmanent marks which are highly

visible at moderate ranges (Cornell et al. 1979; Irvine and Wells

1972). These marks have heen placed on the back of small cetaceans ( for

aerial observers ) or on the dorsal fin (for surface observers) causing

no apparent discomfort tu the animal. Irvine et al. ( 1979) report

a longevity of at least four years on a bottlenose dolphin ( Tursiops

truncatus ) and Wells (pers. commun. ) more recently reports over five

years from the same dolphin population.

During the mid 1970’s a qreat deal of research went into taq and mark

development for population studies of the small cetaceans taken incidentally

by the tuna fishery in the eastern tropical Pacific. Flow tank and live

animal tests provided extensive information on materials and designs

including: disc tags, rototaqs, tail stock bands and streamers, spaghetti

streamers, hutton tags, surveyor’s tape streamers, dorsal fin clips,

dorsal body clips, fin clip saddles, tetracycline tooth deposit marking,

tatooing, and freeze branding (National Fisheries Engineering Laboratory

1978; Evans et al. 1979). Despite th&e exhaustive studies, no optimum

static taq has been successfully fi’eld  tested.

The methods described above have been utilized on a variety of

smaller cetaceans. However, due to the obvious difficulties of handling

u)
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the larqer  whales, only remote application of taqs and marks ia

pract Lc.+hlr. . To date, only spaqhott.  i taqs (Nnrris et al . 19’;6), strem”er

tdqs (Mitxhell and Kozicki 1975; Rice eL al. 1979), paint and freeze

hrdndinq  have bon te~Led in external marking of larqt? whales. Because

Lhe life expectancy of streamer taqs is so short and the prohdhi lity of

resiqtltinq so poor, only sporadic effort has qone into a,iaptinq  Lhcse

methods to whales dnd LIM? resu 1 Ls of such proqrams  have been equi vocal

(Brown 1970). Paint markinq, tested hy the senior author on California

qray whale barnacle!<  after unsuccessful tests on the skin of porpoise by

Watkins and Schevill (1976), failed Lo leave a dis Linyuishinq  mark afLer

Lhe first suhmerqence, and the freeze hrancf  appliwl  to the released

c~ptive  gray whale, Giqi, was resiqhted  only once after early con Lact was

10s L (Evans 1974).

sonic Taqs

Lea Lhcrwooil and Evans ( 1979) summarized the developmental work i n

apply in.q acoustic Lrackinq devices to ceLacca”s  aS follows:

“Early attempts employed acoustic Lracking  devices  developod  for

the study of fishes. Schultz and Pyle ( 1965 ) attempLed  to atLach acoustic

Lransmittf?rs mounted on shallow harpoon heads to California qray whales.

Payne ( 1967, Rockefeller University, pers. commun. ) similarly aLLemptcd

Lo track humphack whales usinq acoustic devices. In 1967-1968 onc of us

(Evans) tested the potential use of sonic transmitters aLLached  hy a

;uction  cup Lo a captive Tursiops truncatus  (unpuhlishcd  cl,at.a) . None of

.hese .+t. tcmpLs m,?t with any success. The primary problems iden Li f ied

,ere that 1 ) rtanqes  ohtain,+hlc were unacceptably shor L; 2 ) tran:+rluccrs,

,oih Lransmittin<l  .+nd ri?cc. i vinq, were inadequate~ and, impnrt.  antly for

---9

future approaches, 3 )

11

the projectors used frequencies tha L fell wiLhin

thr! hearinq r.+nqes  (e. q. , see Johnson 1966) of Lhnse hiqhly acoustic

animals. There were siqnificanl,  problems in all these cases wi th

successful att.achmen  L and opera Lion of the Lranamit  Lers. But even if

these technical problems had been overcome, it is hiqhly questionahlc

wheLher da La obtained f ram these syst.e.ms  could have represented “normal”

behavioral patterns for the taqqed animals.

Even Kanwisher  ( 1978) who reports Lhe successful telemetering

of physiological datd from unrestrained porpoise muses that “The

possibility also arises that, upon realizing they are listening LO Lheir

own heartbeat, the animals will be fdscina Led and vary the raLe for

the ir own amusement. ” Watkins ( 1978) decided early in his cetacean

tracking development proqram noL to use sonic devices on these

acoustical lY sensitive animals. A. Bla Lr Irvine (National Fish and

wildlife Laboratory, Gainesville, FL 32601. Pers. commun.  ) found while

using sonic pinters to sLudy the movemen Ls of manatees that ranges were

so short (about 400m) that if a

highly unlikely to relocate  it,

River. Irvine also found sonic

thermal plume and reduced Lo 30

t.agqed animal were ever lost thiy were

even in the confines of the St. .Johns

siqnals to he sharply confined within a

m recep Lion within the plume. These

factors combined with the highly unpredictable gound paths of the oceans,

suqgest tha L it is unlikely tha L any future  development. in acoustic

trackinq will produce a sys Lem capable of trackinq  free- ranqing ceLaccans,

except fOr short distances and Lime spans.

-
0
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Radio Taqs

Cetaceans spand 85% to 95% of their life underwater, move durinq
(

the niqht as well as the day, and often vanish from the watchful eye of

an ohserver, even thouqh they may he clearly marked or taqqed. The

development of tracking devices for whales and porpoises has thus

greatly aided investigators in studying the life history of these

animals. For a comprehend ive review of trackinq  systems see Nichelson

et al. ( 1978) and for pne of radio telemetry see MacKay ( 1970). In 1961,

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

whales, Eubalaena  qlacialis, based on the desiqn of the early discovery

t.aq marks. Although the investiqators were unsuccessful in trackinq

whales with these early transmitters, they did serve to show the feasibility

of the attachment of radio transmitters to larqe cetaceans. Durinq this

same time pariod, other investigators (Evans and Sutherland 1963 )

.ere also cons iderinq the use of telemetry in the study of marine animals.

o,? tween 1967 and 1971, Evans ( 1971 ), in conjunction with Ocean Applied

+esearch  (OAR), developed a small radio beacon that could be attached to

>orpoises utilizing existant  high f raquency  (HF ), citizen band technology.

]ecause of their short surface times, it was immediately evident that

iutomatic direction findinq (ADF ) capabilities were essential to the

:uccessf ul trackinq of free-ranging cetaceans, and so an ADF was developed

,Y OAR for use in the HF band ranqe (Martin et al. 1971).

There followed two basic methods of attachinq  radio transmitters to

arge cetaceans: animals were captured and physically restrained

n some manner so that a radio transmitter could be attached, and radios

t?re attached by various remote

Ltached OAR radio transmitters

methods. In the former case, Norris

to qray whale calves with flexible
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elastic harnesses in Baja Ca Lifornia  and successfully tracked them for

up to four days (Norris and Gentry 1974; Norris et al. 1977); Evans

( 1974) attached a radio transmitter to a yearling gray whale with sutures

in southern California and tracked Lhat animal sporadically along the

California coast; and Erickson ( 1978) attached a VHF radio transmitter

to the dorsal fin of killer whales by using stainless sLeel pins and

tracked the animals intermittently in Puget Sound, Washington for five

months. Watkins and Schevi 11 continued their remotely implantable  whale

beacon testing and development program in con j unction with OAR through

the 1970’s (for a review of this development program, see Schevill  and

Watkins 1966; Watkins and Schevill 1977; and Watikins et al. 1980).

Throughout the developmental stage of this radio tag, various dea ign

changes have been made, hut the concept of a stainless steel shaft

implanted within the body of the whale with only the antenna exposed has

remained cons tant. These radio transmitters have bsen implanted in a

number of spscies of whales and have evolved with each testing. Ray

et al. ( 1978 ) tagged and successfully tracked fin whales in the St.

Lawrence Rive r; Ti 1 Iman and Johnson ( 1977) tagged and tracked humpback

whales in southeast Alaska in 1976 and again in 1977 (Narine Mammal

Division 1977 ); Watkins et ai. ( 1978; 1981) radio-tagged and tracked

finback and humpback whales in Prince William Sound, Alaska; Watkins et

al. ( 1979) taqged and tracked Bryde’s whales (Balaenoptera  edeni ) in

Venezuela and Watkins ( 1981) successfully tagged and tracked fin whales

(~. physalus ) near

In 1978, the

radio transmitters

Iceland.

longevity of sys terns for the remote

to free-rant~ing  large cetaceans was

attachment of

limited to 17

-

/

!
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1978). Iioqinni  ng in tha L yctir, al Lernat.e systems

were developed Lo increa8e the li fe~pan. Bruce Mate, worki nq with Telonics,

Inc. , of Mesa, Arizona, desiyncd and lx?sLwf an umbrella  sLdkr? aLLachment

wiih curved Li nes Lhat. psnetrat.f?d  Lht? skin ahoui 7 cm and flared on entry.

These VIIF Lransmi  Lt_ers lay on Lhe surface of Lhe whale and wer(? successfully

uw?d Lo Lrack qrdy whdl{?~ (Ma Le 1’179). Mate (1980) also developed a

similar b.irnacle  radio tag impldntahle  by bow or qun which was also

Lf?s ted succcsc. fu] ly on qray whd]e.s. Fol lmann ( 1900) concurrently developed

and tested  a VIIP radio tag wiLh an aLtachmen  L head Lha L toqqled

approximab?ly  2 inches under Lhe skin and a t_ransmi LLer and antenna that

lay flat alonq Lhe external surface of the animal. We was, however,

!Insuccessful  in trackinq with this system.

At i.hc same Lime ihai invesiiqaiors  were firs L successfully radio

Lrackinq  small cetaceans  , Crdiqhead  eL al. ( 1972 ) were testing a

satellite-linked animal tracking device on f’ree-ranqinq  elk (Cervus

canadensis  ) . Althnuyh  I_hesc f i r!+ t Li?s I_s were ham~red  hy the exLreme—

size and weiqht  of the transmitters and were generally though L Lo he

unsuccessful, they led Lo a qrea L deal of in Leres L in the possibility of

developing smaller, viable transmitters suit.able for studies on animals

as wide -ranqinq in size and habitat as birds and whales. A series of

meetings durinq  Lhe late 1960’s and early 1970’s defined aL qrea L lenqLh

the needs for s,+L$?I li Le Lracking,  Lhe Lechnolo[Jical  qaps aL Lhat Lime,

and the priorities for development (Galler et al. 1972; Anonymous

1974). Howt?ver, it was not. until the Fish and Wildlife Service (Kolz CL

al. 1978) successfully saLellite tracked a polar bear (llrsus maritimus)

for ovt?r one year and 137)0 km i_h.i L i nt[?rcs L in satelli Le tracking was

(

(

(

nm’,-m,m  m,m
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revived. fla~ed on Lha L SUCC<. SS, the National tl.+rine  Fisheries  Service

cmharked  upon the development of a sate] Ii I.e-linkeci  t.ransmi Lter

(.lenni  nqs anrl Candy 1980) for attachment to small cetaceans  in thf?

eastern tropical P<acific. This pr(xlr~m has rm?t. with a numb. -r of

proh lrm~, both electronic and hioloqical, hut successful tests aro

anticipated in 1<1 H1 . Roth the ;>ola r hear and the porpoise t.ransmi tters

remain ton larqe for qeneral  application t.n marine mammals.

J?vdluation and discussion of radio trackinq  systems

There are currently three basic transmitting and receivinq systeme

and four different t.ypss of radio transmitter attachments available

for larqe cetaceans. Woorfbridqe  ( 1978) discussed another potential

animal trackinq system usinq extra low frequencies (FAF) , hut its

development and use on cetaceans is inadvisable d!le to excessive power

requirements, larqe size, and possible interference with the whalets

hearinq and communication. Each of the other systems has its henef i ts

and shortcomings and wi 11 he discussed in the fo llowinq  paragraphs.

Hiqh frequency (I{P) systems ( 27-30MHz) - The qreatest  advantaqe of

usinq hiqh frsquency  systems for radio trackinq  at sea is the relatively

qreat theoretical Lrackinq  distances attainable from shiphoard  because

HF radio waves tend to follow the curva Lure of the earth ancf are not

blocked hy ocean waves. Another advantaqe is the availability of a

relatively efficient. ADF, an essential component of any operational

radio irackinq  prnqram. The major drawback to workinq at this frequency

is the inefficiency of antennas which limits trackinq  ranqe and, more

importantly, necessitates larqer radio taqs because of the hatterv demands

r=.rui  red tO achieve adcqua Lc! radi atcd power. Additionally, because

N
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frequency scanners or other means of. individual identification are not

available at HF, multiple receivers are required to locate more than one

transmitter.

The WHOI/OAR radio tag is currently the only attachment/deployment
1

system available in f-he HF band. The maximum longevity of the latest

i l-eraiion  of this tag is unknown but there was no indication of rejection

after nine days in the Iceland tests (WaLkinS 1981). The major advantage ,1

of the WHOI/OAR tag is the 30 m deployment range which makes it potentially

useahle on any species of large cetacean. Retuning of the antenna has solved

some of the early problems of reduced range due to poor antenna orientation.
1.

Because of the differential movement of tissue layers through which these

tags pass, the problems of continuous irritation

fiifficulties  persist.. Considerable practice and

essential when using this tag sys tern.

Very high fr&quency (VWF ) systems ( 148-164

and subsequent healing

marksmanship are

MHz) - Highly efficient

antennas are available in this frequency range and the resultant low
I

power requirements permit the use of very small, lightweight radio tags.

Additionally, VHF scanning and data processing equipment have been developed

to identify individual transmitters and collect telemetry data, and

automated data collection and remote station capabilities are already

he i mq de ve loped. Another advantage of the VHF frequency is the potential

of less noise ( the shorter ranges also provide fewer competing signals

from a distance. There are, however, two drawbacks to using VHF for

tracking at this time: 1) there is no ADF which will work effectively

with the low power cmt.p”t from standard VHF i-ransmitt.ers, and 2 ) surface

V1iF reception is hiqhly  limited to line-of-sight a“d may he affected by

17

sea state. There is also some evidence that low-level inversions over

cold water mav block VI{F propagation entirely for periods of time.

There are currentlv three pcrssihle  attachment/deployment systems

VHF transmitters: the barnacle and umbrella stake taqs developed hy

for

Bruce Mate and the whale taq developed by Erich FoYlmann. Each of these

taqs is small and liqhtweiqht,  hut because the transmitters lie on the

surface of the whale , they are suh ject to dis lodqenent or crushinq. The

umbrella stske taq has the best antenna orientation of any tag available

but attachment is restricted in use to quiescent whales. The barnacle taq

can he deploved  on moving whales but presently has limited deployment

range ( 5 m in this study) and potentially poor antenna orientation.

Although Follmann’s  taq is less liable to dislodgement and crushinq than

the other two tags and can be deployed at a greater distance (up to 9.1

m), very poor antenna orientation .anil detuninq due to antenna contact

with the whale severely limit the theoretical ranqe of the transmitter

in its present conf iquration. A fourth possibility for tracking whales

in the VHF range would involve replacing the HF transmitter and antenna

in the WHOI/OAR taq with a VHF transmitter and antenna.

Satellite systems (401. 2MHz ) - Satellite-linked systems can track

animals and qather rlata over vast and inaccessible areas at relatively low

Cost . As fuel costs rise, this will be an ever increasing advantaqe  over

other trackinq svstems  for long term or long distance studies. All

satellite animal tracking to date has been accomplished usinq the Wimhus

system, but since the system has passed its operational life expectancy,

it is increasingly difficult to be assured of continued opsration  and

reception priority. The newer Arqos satellite system offers two location
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and data collection Satellites , sun-sychronous  and pelar orhitinq

which have good qlohal coverage especially in the hiqher latitudes.

The qreates t drawbacks to satellite trackinq are that no taqs are presently

available for whales and that some whale  species IIIay  not surface “fter,

enouqh durinq certain behavior modes to insure location hy the orbi tinq

receivers . Satellite tags should have a relatively lonq retention time

to increase the probahili ty of successful tracking.

In conclusion, i t seems clear that the operational tracking of

f ree-ranqinq  large cetaceans is well within the realm of technological 1

feasibility. The method of tagging and trackinq  wi 11 bs dependent upon

the objectives of a qiven study and upon the species to be studied. To

insure operational systems, the following tests and developments are

needed:
1 ) The development and testing of a VHF-AJ7F  for surface vessels

and aircraft.

2 ) The development and tes tinq of an automated data collecton

unit with hard and soft copy capability for HF and VHF.

3 ) Inclusion of the automated data collection units in remote

stations ( capable of data storage for up to two weeks ) for monitoring

coastal species.

4 ) The development and testing of lIF and VHF telemetry

capability, initially for environmental monitoring (temperature and depth)

followed by physiological monitoring (heart bsat, blood pressure, core

temperature ) .

5) The development and testinq of a hiqh-qain, tiF-ADF antenna

for aircraft.

6) Lahordtory and field studies of rejection mechani~ms  de~iq[lefl

to qather data which will suqqest developmerlts  to increase lonqevity of taqs.

7 ) The develcq,ment  and testinq of an Arqos satelli tf?-linked

location transmitter.

8 ) Continued development and tc+stinq of attachment mechanisms.

FOWIIJ?AD WIIALJ? TAGGING FEASI1311,1TY STUJ)Y

Introduction

In .7une 1978 the Bureau of I.and Management (FILM) of the lJ. S.

department of the. Interior entered into an Endangered Spscies Section 7

consultation wi th the NMFS to determine the impact of oi 1 and qas resource

development in lease-sale areas of the Reaufort  Sea on bowhead and qray

whales. In Auqust of that year, NMFS recommended studies to RLM that

would fill the data qaps identified durinq the consultation. One type of

s~rfy recommended was to determine the “timinq of movements and offshore

di strihut ion of howhearl  and qray whales through the proposed lease-sale

areas and adjacent waters. ” Studyinq  the “overall movement patterns of

bowhead and qray whales in the Beau fort Sea” was also recommended by NMFS.

Althouqh  the qeneral pattern of miqration  is known for howhead whales

(Braham et al. 1980; Hraham and Kroqman  1977; Pralcer 1979; Frakcr et

al. 1978), the specifics of miqratory timinq, movements, and hahitat use

are larqely unkrlown and lend themselves to study bv radio trackinq.

With the successfu  1 t.r.scki nq of radio tagqed qray whales alonq their

miqratory  path for up to 95 rfays (Mate 1979), a test was neerfed to

determine the feasihi  1 i ty of taqqinq and trackinq bowhearf whales. In

addition to det.ermi  ninq the feasi,  hi I i ty of f indinq, approaching, and

taqqinq bowhead wh,alf?s,  this study souqht to detmrmi no lonqevi  ty of t.ho

-b
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Figure 5
Module used for deploying
umbrella stake tags on
whales.

Figure 6
The Pressure Ridge, a 48
fc?otpurse  seiner, was used
by the tagging crew between
August 3 and August 19.

Fiqure 7
C~arter  aircraft used for
relocating tagged whales.
Receiving antennae were
easily mounted on wing
struts before flights.

a com~und bow (Bear Archery, Gainesville, Florida; Fig. 4), ‘and that

the new Leflon  fine ref&ininq  rinqs worked well. They also sugqected the

following modifications and further tests:  1) place barbs on the tines

to add qreater  holding power, 2) further deform tines before loading I-O

create more flare, 3) file base of tines to help them further deform

upon entry, and 4) dissect out shots to determine deformation in situ.

Further test shots and dissection indicated that the adfi’itiort of barbs

and the further deformation of the tines before loading contributed

significantly to the holding power of the tags and that filing the bases

of the tines made no difference. Thus, the barnacle tags for the field

experiments were fabricated with flaring tines, barbs, teflon

retaining rings, 7.5 cm by 1 m Saflag visual streameks  (Safety Flaq

Co. of America) and the S2B5 transmitter and antenna (Telonics,  Inc. )

tested by Hate. The streamers were designed to aid in visual relocation

and to provide a standard for determining the length of the tagged whale

by aerial photogrammetry.

Umbrella stake tag - Early tests of this tag deployment system

(see Fig. 5) indicated that the stakes were not seating against the base

plate nor de fortning  when entering howhead tissue as they had on gray

whale tissue. These tests suggested the addition of barbs to the

umbrella stake tines to increase holding power and further testing to

determine if the stakes were not seating because of bounce back or because

of lack of power for penetration. When barbs were added to f-he stake Lines

they uniformly seated on the baseplate and required well over twice
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as much force Lo dislodge. Sullscquen Lly, harhs were added to all sLakes

for the field exercises.

The receivinq system was iden Lical to Lhat uwxf by hate (Telnnics

TR-2 receiver, TS-1 scanner,  TDP-2 processor, a“d OF receiver). IIowever,

rather than rely on individual frequencies for unique identification of

each Laqqed animal and run the risk of missinq  a signal from a Laq during

a fr=luency scan, 15 transmitters were tuned to one frequency and the

individual Lransmi Lter was identified by the time between pulses. The

remaini”q Lhree Lrarrsmittcrs were tuned to another frequency and used

as backups.

The success of Lhe tagging projecL depended on our ability to find

and approach bowhead whales aL qui Le close range a“d then LrJ radio i-rack

Lhcm from the surface and from the air. The 48 fl- motor vessel,

Pressure = (Piq. 6) was chartered for the study. People familiar

with howhead whales in the ArcLic (J. J. Burns, Alaska Department of

Fish and Ga,ne, Fairh,+nks,  AK 99701; R. Silook, Gamhell,  AK 99742; and

V. Steen, Captain, Pressure Ridqe, Tuk Loyakt_uk,  Nor Lhwest Territories,

Canada, XOE lL!O. Pers. commun. ) felt tha L whales could be approached

in an alilminum hoa L with outboard motor from Lhe Pressure _ to within

5 m for Laqqing with the barnacle or umbrella stake taqs. A 16 fL Lurid

Aluminum heat was purchased (and shipped Lo Tuk Loyak Luk) wiLh u variety

of outboard moLore  and was mortified for two sets of oars so i-haL  VaI-i  O”S

methods of approach could he tested. A satellite navigation sys Lem was

le.assd for Pressure - LO assure accuracy of siqhtf. nq locations and

vessel position.

2-I

A Grumman Goose, N7b0, already surveyinq  for bowhead whales  in the

fleaufort  Sea under con Lract to RLM, was modified l-o catry LWCI,

side -looking, biqh qa in, two-element yaqi antennas and I.WO whip an Lennas

for direction findinq  (fJF) capability. The Grumman N700 was made available

periodically throuqh  the summer in the eastern ffeaufort Sea and then again

in the fall in the central and western Beau fort for reconnaissance and

for radio taq relocation effor L. In addition, removable mounts for

side-looking, high gain antennas were fabricated for aircraf L of

opportunity and small charter aircraft (one set for high wing Cessnas

(Fiq. 7) and one set for Twin Otters).

In order to provide photodocumeniation of the research and

to provide the field party with a very useful tool for instantaneously

evalua tinq research protocol and whale behavior, a portable video tape

unit was tested for field use. Video taped sequences could be used to

compare normal bowhead behavior LO the behavior of tagqed whales, to

document tag condition over Lime, and to record whale reaction I-O

taqginq. Stil 1 photos were taken of al 1 phases of preparation and

field activities.

Field Activities

Beginning 17 July, Lhe Office of Aircraft Services of the lJ. S.

I)epar Linen L of the In Lerior  in Anchoraqe  modified Grumman N780 for aerial

radio Lrackinq. After installation and Lestinq  of the antennae and

receiving equipment in Anchorage, aerial surveys for bowhead  whales were

flown enrnute  to Tukl-oyaktuk  alonq the Alaska  and Canadian ArcLic coasts.

Nine qray whale, six walrus (Odohenus  rosmarus) and two whitm whale.—

co
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were encountered on ~ occasions and in 2 cases tagging was attempted

and abandoned after a short time bscause of heavy fog (Fiq. 13 ). A

SCIIOO1 of about 70 white whales was sighl-ed  on 9 Auqust heading west

toward the McKinley ‘Delta. 130whead  whales  encountered during this time
.

were movinq quite rapidly and could only be tagged with the ballistically

deployed barnacle attachment, since umbrella stake tags can only be

attached to relatively sedentary whales. Bowheads were approached in
I

the aluminum skiff at high speed as was advised by native hunters, but ‘1
each time the skiff came within about 30 m, the whales sounded. In no

ins tance was it possible tn maneuver within tagging distance. Foul

weather then forced the Pressure = hack to Tuktoyaktuk  Harbor on

11 August.

33
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On 13 August Grumman ”N7130  returned to Tuktoyaktuk  to survey the Figure 13. The 14 August survey flown in the Grumman Goose. There were

nearshore waters am-l to determine the distribution of whales.
22 sightings of 30 bowhead whales on this flight.

In 22

sightings 30 whales were counted bstween Warren Point and Cape

Dalhousie  (Fig. 13) during systematic surveys f lawn parallel to the

Tuktoyaktuk  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 maximum whale

concentration. While in Tuk toyak tuk awaiting good weather, a barnacle

tag was tested on a white whale kil led in the Eskimo fishery. The tag

deployed very well and is recommended for radio attachment for that.

species.

Bad weather conditions prevented any work from the Pressure Ridge

between 16 and 19 August. The aircraft survey crew made 88 sightings

of 161 bowhead whales durinq this time (Figs.  14, 15 ) . On 19 August the

vessel charter was terminated by mutual  agreement and the tagging Learn

, n ,12 ,,, ,MO——

-.
:  *,. *.
‘,..5  !,?..

Fizure 14. 18 Awmst aerial survey along the Tuktoyaktuk Peninsula resulted.,
in 28 ‘sirhtinRs of h7 bowheads.
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Figure 17. 21 August survey along the Tuktoyaktuk  Peninsula showing the
distribution of 59 sightings of 245 bowheads,  three sightings
of 49 belugas,  six sightings of 113 ringed seals, and one gray
whale siflhting. Tagged howhead  number 137 was mOnitOred  fOr
1 1/2 h by the Grumman Goose befOre retllrninK tO TuktOyakt~
for fuel .
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PiCure 18. on 2P Auflust , sixteen sight ings of 73 bowheads  were made alonK
the Tul{toytiktuh  Pcni n.sula and three sightings of 12 whales
wrre mmde en route to Deadhorse,  Al ash.
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PBJ.E 1. --siqhtinq  data CO1 lected by aircraft and shiphoard  observers in the
I eastern Berinq Sea hatween 3 Auqust and 12 September 1980.

Numlmr  of Number of Mean C.rnup
ate Platform spscies  1 Siqhtings Animals Size + S.1).—

1 Ugust 3

Uqust 4

Uqusi 5

ugust 6
FiKure  23. 4 Scpi,embcr  survey from Tuktoyaktuk  to Prudhoe  Bay. Alaska.

Tl]ere WII:3 one si~hting of two bowhends.
Ugust 7

Uqust 9

) Ugust 10

Ugust 11

Ugust 14

( ugust 16

Uqust 18

Uqust. 19

Uqust 19

Ugust 20

Uqust 20

Pressure Ridye

Pressure Ridqe

Pressure Ridqe

Pressure Ridge

Pressure Ridge

Pressure Ridqe

Pressure Ridge

Pressure Ridge

Grumman N780

Pressure Ridge

Grumman N780

Grumman N780

Pressure Ridqe

Grumman N7KI

[Jngaluk

ugusi 21 Grumman N7L30

JJE
RS
Irs

so
BE
ES

RS
BS

Bo
BE

90

i?cl

no

BO

an
BE

DO
BE
RS

Ro
BE
RS

so
lIE
GW
RS

1
1
2

1
2
1

0

1
1

0

3
1

1

1

22

0

28

60
3

0

46
18
4

2
1
7

59
3
1
6

1
50
2

1
2
1

1
1

24
70

1

9

30

47

114
14

157
194

5

32
1

13

245
49
1

113

1
50
1

1
1
1

1
1

E
70

1

9

1.36

1.69

1.90
4.67

3.41
10.78
1.25

16.00
1

1.86

4.15
16.33

1
18.83

+ 0
;0
;(I—

+ 0
To
10

+ 0
;0—

+ 10.4
;0

+ 0—

+ 0—

+ 0.95

+ 1.02

+ 1.27
~ 1.53

~ 4.95
+12.95
; 0.50

+ 5.66
;0
~ 2.27—

+ 4.98
~22.37
;0
:15.38
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TABLE 1. --Sighting data collected by aircraft and shipboard observers in the
eastern Bering Sea bstween 3 August and 12 Septetier  1980--continued.

Number of Number of Mean Group

Date Platform Speciesl Sightings Animals Size + S.D.—

August 21 Ungaluk 80 92 193
RS 15 36

August 22 Grumman N7B0 80 19 85
Bs 1 9

August 22 (Jngaluk 80 69 92
RS 23 24

August 23 Ungaluk BO 5 20
RS 18 23

August 24 Ungaluk so 26 30
BE 1 10
RS 9 11

August 31 Grumman N780 BCl 6 12
BE 7 23
PB 1 1

Sept. 3 Grumman N780 BO 4 8

Sept. 4 Grumman N780 so 1 2

Sept. 12 Skymaster so 25 37
BE 3 17
RS 2 51
ES 1 1
PB 1 1

2.10
2.40

4.47
9

1.33
1.04

4.00
1.28

1.15
10

1.22

2.00
3.27

1

2.00

2

1.48
5.67

25.50
1
1

+ 3.40
~ 1.68—

+ 5.10
=0

+ 0.82
: 0.21

+ 6.71
T 0.57—

+ 0.37
:0
; 0.44.

+ 1.10
~ 2.14
To—

+ 0.s2

+ 0—

+ 0.s2
: B.08
:34.65
=0
:0—

1 BO . Bowhead Whale
BE = White Whale
GW = Gray Whale
RS = Ringed Seal
ES = Bearded Seal
PB = Polar Bear
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I
I
transferred

team aboard

During

from Pressure a to a shared charter with an NMFS research

the sailing vessel Ungaluk.

the afternoon of 20 August, whales were sighted from the Ungaluk

in the vicinity of Warren Point along the Tuktoyaktuk  Peninsula

(Fig. 24) and tagging was attempted from the aluminum boat, again using

the outboard motor. Various approach angles and spaeds were tested but

only one approach came 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 attempts were only possible from the

Ungaluk.  Quiet approach by sail worked well and at 2330 hours (69°54 ‘N,

132°12 *W) barnacle tag number 135 with a white streamer was placed on

I a 35 ft bowhead (Fig. 25). The animal had rolled on its side and the

transmitter was implanted midway down the left upp?r body, too low for

transmission on each surfacing. When tagged, the whale kept rolling in

its sounding dive without changing swed or thrashing flukes. Signals

were received. intermittently for 10 minutes and then lost.

Because of the successful tag placement under sail, it was decided

; to attempt further quiet approaches by rowing the aluminum boat rather

than using the motor. On 21 August (for cruise track see Fig. 26)

barnacle tag number 137 with a ye 11OW streamer was successfully placed

on a 40 f t bowhead whale using the rowing technique (Fig. 25). After

the tag implanted, the whale continued to lay at the surface for about

4 seconds, twitched its skin, and slowly swam away. Grumman N780 was

surveying in the area (Fig. 20) and was able to receive signals from the

taqqed  animal until it ran low on fuel, about 1 1/2 hours after initial

radio contact. The dive-surface data collected at that time from tag

~ number 137 (Fiq. 27 ) was contaminated to an unknown extent by radio

R)
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Figure 30. 24 August cruise track and

m

23 August cruise track and sightings from Ungaluk.
Each symbol represents one sighting of one or more animals.

In
~..,..,..,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..M,,, m! m

symbol represents one
sightings from Ungaluk.
sighting of one or more animals.

m

transmissions at the same frequency from Ungaluk  and the tagging skiff.

The receiving range from the Ongaluk, which should have been 15 miles,

had deteriorated since previous tests to less than 2 miles; and by

the time faulty antenna connectors were identified and repaired, the

whale had disappeared and signals were not received aqain. Later that

day, a barnacle tag shot missed a bowhead at clOse ran9e. There was

no visible reaction to the discharqe or to the tag striking the water

about 2 m beyond the whale.

On 22 Auqus t the aerial survey team searched for the tagged

whales and then returned to Alaska. For the next 3 days (Figs.

28-30 ), the scientific party abOard Ungaluk  searched fOr lar9e

concentrations of whales but the bowheads seemed to be spreading out and

moving west rapid lY. One group of juvenile whales (approximately 30

ft in length) surfaced repeatedly within about 50 m of the aluminum

boat, but the skiff was too heavy and awkward to be rowed fast enough to

reach them before sounding. However, dive-surf ace profiles were CO1 lected

from animals identifiable by natural scar patterns, and one profile was

compared to the radio transmissions from tag number 137 (Fig. 27).

Although large numbers of whales were seen aIong the Tuktoyaktuk

Peninsula between 25 and 27 August by LGII and NMFS scientists, the

Ungaluk,  which had run aground on 25 Auqust, was unfit to return to sea.

On 30 August the aerial survey team attempted to fly to Tuktoyaktuk  but

was forced to return to Deadhorse bacause of weather. No whales were

sighted on that fliqht between Prudhoe Bay and Herschel Island (Fig.

19). Surveys’ conducted ahoard Grumman N780 on 31 August and 3 and 4

September indicated that howhead whales had dispersed from the Tuktoyaktuk

Peninsula (Fiqs. 20-23) and no larqe concentrations were found (10
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sighi-inq~  of 20 howheads  ). Fliqht.s hetwcen  4 and 12 September, however,

siqhted larqe concentrations of whales 30 to 50 miles off the Tuktoyaktuk

Peninsula. On 12 September, 25 sightings of 37 whales were made from an

aircraft chartered to relocate tagged bowheads  (Fiq. 31 ). Despite

extensive monitoring from Grumman N780, the LGL chartered aircraft, and a

chartered Skymaster,  no transmissions were received from Lagged whales

in the eastern Fleaufort  Sea after 21 August and no vessel” was available

for further tagginq after 24 Auqust.

The easeniial  taqqing  gear was shipp?d  west aboard Grumman N780 on

13 September when the opportunity arose to attempt tagging in the central

Beau fort Sea in Lhe vicinity of Fleaufort Lagoon. An Alaska Department of

Fish and Game team had been able to approach a few bowhead whales in a

21 f t Boston whaler there during the second week in September, but by

the time the taqginq effort began on 14 September, severe ice conditions

had set in and only a few unsuccessful attempts to locate whales were

possible. Ice conditions such as thoge pictured in Fiqure 32 made it

difficult b locate and approach bowheads, even when assisted by aircraft

with air-to- qround communication system. Heavy ice after 20 September

ended attempts to place more radio taqs on bowhead whales during the

1980 season.

From 16 September throuqh 13 Octohar,  however, fliqhts  were made in

con j unction with the 13LM bowhead survey team to relocate the two tagged

whales as they passed the OCS lease-sale areaa during  their fall miqration.

On one occasion clurinq this time, a brief radio transmission was received

but the presence of a taqqed howhead whale was unconfirmed by either

further transmissions or visual relocation (Fig. 1).

N
02
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Figure 32
{n September tagging efforts continued
near Beaufort Lagoon, Alaska. Ice con.
ditions shown here were unfavorable
for locating and tagging whales in a
small boat.
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Discussion

As in any first year research in a remote area, lc.gistical  problems

required  an inordinate amount of time and effort and in SOme CaSeS  made

it impossible to realize research goals. For example it was not possible

to test the umbrella stake attachment or to photo- and videodocument  the

tagging effort because the scientific party aboard Ungaluk, with two

distinct and immiscible research methods, was too small to accomplish

these tasks. The lack of a truly reliable and seaworthy vessel capable

of reachinq whale concentrations quickly and staying at sea for an extended

time was, and remains, the predominant problem in working on bowhead

whales in the Beaufort Sea. The ideal vessel should be large enough to:

1) weather the most severe storms encountered during the summer and fall;

2) carry a crew capable of safe vessel operation around the clock for at

least 2 weeks; and 3) accommodate a scientific party of sufficient

size to carry out all facets of the research without undue stress (24

hour watches, tagging, photodocumentation, oversight). Because vessels

are extremely expansive in the Arctic ($3,000/day minimum), a smaller,

high speed vessel which could 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 whale concentrations quickly during breaks in the

weather and run from foul weather as it approached.

The results of this study and some previous studies (for example,

Norris et al. 1976) suggested that aircraft may be ineffective for relocating

radio tagged cetaceans except in very special circumstances such as

populations with highly defined migratory pathways or confined home

range. The problem arises from the interpretation of negative data

(i. e., does “no siqnal” mean the animal was not in the area covered by



the aircraf L, i.he tranfimi LLer

while Lhe aircraft was within

50

had fallen off, the animal did noL surface

r~nqe, or the an Lenna .anqle preclu[h?d

siqn(al

in the

la Li-er

aerial

recep Lic,n?) .an(] LIIk?  low prohat> iliLy of encoun Lerinq a qiven cetacean

relatively small area possible to search hy an aircraf L. The

problem is compounded when the relocation effort is combined with

surveys since transmission reception is CUL hy 2/3 to 3/4 aL the

lower alti Ludes necessary for visual siqhtinqs. Distance Lrials usinq a

test- Lransmi Lter showed that Lhe survey aircraft flyinq dL 1,000 ft.

over shout a 40 mile swath (20 miles on each side) and received siqnals

over abou L a 140 mile swa Lh flyinq  at 8,000 ft. Thus, a siqnal could be

detecterf from a qiven point on LransecL (e. q., a surfacinq  whale) for 1

hour and 10 minuLes at 120 knots from 8,000 ft. while at 1,000 fL the

aircraft would pass out of contact with tha L point in 20 minutes. Althouqh

far larger than surface vessel coveraqe capability, the relocation area

covered by aircraft at reasonable cost, even at high altitudes, is quite

small compared to the area of habitat available b hiqhly mobile or

noncoastal miqratinq  cetaceans.

Some of Lhe problems of aircraft location are solved if remoLe

stations can he used to collecL activity pattern, movemen L, and miqration

rfata from radio Laqqed  individuals. RemoLe stations, however, are

appropriate only for certain coastal species where a significant portion

of a miqratary  population passes within range of Lhe receivinq antenna

or where L.aqrp?d individuals remain wiLhin ranqe of the receiver for a

prolonqed  period. Since this research souqht- to qaLher ffata on the

coastal mow2m+nts of howheacl  whales, a con Lrac,t was awarded Eor a

proLotype self -con Laincd, por L.able,  au Lomated data coll(?c Lion unit

I
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which could scan a selected  number of frequencies at variable scan rate

and reliably record Lime, frsqu(~n~y,  and pulse interval fOr anY re~ei~ed

pulses over a twn-week  periOd. Also, since the amount of data collected

during a shiphoard  or aircraft radio tracking study can ba prodigious,

the automated data collection unit, which will code and store informa L.ion

on computercompatible maqnetic  tape as well as hard COPY (Licker taI~),

should greatly facilitate daLa reduction. Unfortunately, ,due to a supplier

delivery failure, the prototyp  unit was not available for testing during

the 1980 field seaaon.

The qreatest  difficulty in tracking whales using VHF radio tracking

systems has been the lack of an AOF capable of giving an instantaneous

directional readout of short pulse vHF signals without tremendous qain

loss and thus greatly diminished tracking distance. BefOre trulY successful

Operational shipboard and aircraft VI{F radio tracking can proceed, a

VHF-ADF  must be available which is comparable to that developed by Martin

et al .(1971) for lower frequencies (HF).

AS Mate (1980) pointed out, identifying individual transmitters with

unique frequencies adds LO the problem of aerial reacquisition since an

animal on the surface might be missed  during a receiver frequency scan

even while within reception ranqe. In order to alleviate this problem

this study, 15 transmitters were placed on the same frequency and

individually identified hy a unique interpulse  interval as measured by

pulse analyzer (Telonics, Inc.). This system ensured no loss of

reception due to a frequency scanninq  buL had Lhree major drawbacks:

1) three clear, strorvi PUISeS must he received tO d@termin@ identi~y~

and these pulses may not he received due tn poor antenna orientation or

in

a
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short eurface time; 2) the Lnterpulse  interval may vary over time in i_he

field, although laboratory tests demonstrated stability Lo within 10

milliseconds; and 3) confusion can easily develop while trackinq  a taqged

‘whale if another Lagqed whale is nearby or a transmitter is accidentally

actuated as was the case on 21 Augustr 19f!0. If frequency scanning is

to bc used in the future, a locking scanner would clearly facilitate

tracking. The modified scanner would hold onto an incoming siqnal so

Lhat Lhe tracker knows which frequency ,Lo monitor on the following whale

surfacing.

One of the goals of this research was to determine the respunse of

bowhead whales to tagging. From previous experience with spaghetti tagging

whales and capturing and handling a variety of large and small cetaceans,

no adverse reaction to tagging was anticipated. Additionally, Mate (1979,

1980) ohserved very little reaction to the placement of umbrella stakes

or barnacle tags on gray whales and even noted continued “friendly” or

curious behavior after tagging. In reviewing thirteen tagging attempts

with the WHOI/OAR  whale tag on three spscies of whale, Watkins (1981)

describes short term whale reaction to vessel maneuvering hut almost no

reaction to tagging per se. Others who have used the WHOI/OAR tag had

reported some short-term behavioral disturbance and suggest that tagged

animals are psrhaps “more wary than usual of approaching heats”

(Marine Mammal nivision 1977; J.H. Johnson, National Marine Mammal

Laboratory, NMFS Northwest and Alaska Fisheriqs  Center, Seattle, WA

98115, ~rs. commun. ). The reactions observed in the bowhead tagging

study did not differ from those previous observations. When approached

by motorized vessel, bowheads generally showed some sign of avoidance.

w
d
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However, when approached quietly, by sail or by oar, only the slightest

reaction to taqging was noted.

The reasons for loss of signals from the two tagged whales remain

largely unknown. Certainly the antenna cable connector shorts

were partially responsible for the signal loss aboard Ungaluk. However,

it is useful to spsculate  on two other possibilities: 1) the signal may

have been lost due to low level inversions over the cold water (Watkins

discontinued using VHF frequencies for radio trackinq  for this rea~on),

and 2) althouqh  it seems very unlikely because of complete deployment,

the transmitters may have been dislodged immediately by the whales.

Further tests involving simultaneous tagging with HF and VHF frequency

transmitters should determine the relative effectiveness and efficiency

of each frequency as well as test for effectiveness of attachment and

the effect of possible inversions upon signal reception.

In conclusion, the bowhead whale tagging prngram experienced mixed

success. One of the major goals of the research, the determination of

the feasibility of opsn ocean tagging of bowhead whales without harm to

whales or taggers was completely realized and successfully accomplished

add the logistical fabric for future work in the Beaufort Sea was

established. In addition, this research suggests that 1) the use of

aircraft for primary relocation of wide ranging, tagged whales is generally

inappropriate, 2) a VHF-ADF for shipboard and aircraft tracking must be

developed, and 3) further bowhead tracking requires a suitable vessel

with crew and scientific party of sufficient size and dedication to

insure success. Both barnacle and umbrelh stake tags deployed and held

well in laboratory tests on bowhead blubber, and barnacle tags deployed

psrfectly  in the field trials. Therefore, if a suitable vessel could be

-mm - - - -  - -
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acquired, Lhere is qrcai. likelihood l.h, ~t a very sue. ces!; ful taqqing ar,d

Lr.ackinq  proqram oould he achieved with howhead  whales.

SA’ITX,l.IT  E-LINKEN TRANsMrTTl?R  DEVELOPMENT

Recause of the hiqh cost and nftr?n  overwhelming loqistlcal

considerations involved in radio tracking cetaceans by ship and aircraft,

in the open ocean, responsible aqencies  and scientists have shown qreat

interest durinq  the pML decade in the development of satellite-linked

trackinq and data collection. In order to attach satellite Transmitters

Lo whales utilizinq  existent techniques (i. e., WHOI/OAR taq, barnacle

tag, umbrella stake taq), currently available transmitters need an

exponential reduction in power requirements because batteries comprise

t_he major por Lion of their mass. A contrac L was awarded for the

development of a processor-controller which would maintain cons~ant

frequency sl-ability, format and sequence messaqe outpu Ls, and process

incominq  environmental and physiological parameters aL very low enerqy

cost. Iio”e”e r , the CMOS chip which was heinq commercially developed

and therefore available at low cost for “se in the prOCeSSOr-CO”  LrOller

failed to meet production apscifications  anrf the transmitter development

proyram was discontinued.

One of the mos L important considerations prior to under tdkinq a

satellite trackinq proqram was LO calculate Lhe probability of locatinq

a whdle qiven Lhe or bitinq charac Leris Lies of Lhe saLellite,  the data

neces~ary  to solve Lhe location alqorithrns, and the surfacinq

charac Lerist. ics of the whale species heinq studied. While data is

readily available concerning Lhc s.atallite and problem solu Lions,

dive-surface profiles

these profiles do not

durinq the life cycle

size to ensure accurate profiles can only be obtained by radio tracking

experiments.

There are two approaches that can hs used to determine the

probability of locatinq a whale by satellite. First, if information is

available on the time interval bstween successive surfacings and if this

variable can be fit to some known distribution (for example, the normal

I distribution), it is possible to simulate a dive pattern by selecting

numbers at random from the appropriate distribution. The series of

times between successive surfacings can then bs summed until they

exceed the maximum amount of time the satellite is in view of the

Transmitter, the “window”. It is assumed in this model that the

duration of a dive-surface cycle is unaffected by the length of

previous cycles.

Bowhead whale dive-surface data gathered by Koski and Davis (1980)

and Davis and Koski ( 1979) from the eastern Canadian Arctic, hy Wuersiq

et al. (1981) and ourselves from the F3eaufort Sea, and by Carroll and
,,

Smithhisler  (1980) from Lhe Chukchi Sea indicated that these whales

exhibit a wide variety of activity patterns. Mean dive times range

from 3.7. min to ‘3.6 min with large variance, and mean surface times

range from 1.09 min to 1.69 min aqain with a large variance.

Wuersiq’s  dive profile indicated that there were two distinc  L dive

pa LLerns  : a short cycle which lasted an average of 105 sec (s. d. 39 see)

and a long cycle which lasted 435 sec (~. d. 56 see). It was assumed tha L:

!
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are available for only a few spscies, and even

cover Lhe wide ranqe of act. ivi Ly patterns exhihi  Lr?d

of the species. In actuality, a large enouqh sample

(A
N
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1) these two patterns were equally likely and that dive cycles were

independent of each other, 2) the satellite window would starL in the

middle of the first dive cycle, and 3) the satellite window was 780 sec

(13 rein) long as is the case in the Argos system. Nine dive patterns of

at least 780 sec in duration were simulated by selecting at random either

the lonq or short dive psttern and then selecting at random from that

distribution. This was repeated until the accumulated time was greater

than 780 sec. Six of these nine simulations had two surfacings within

the 780 sec window, one had three surfacings, and two had four surfacings.

The Argos system requires five uplinks or “hits” and thus no location

solution would be possible with this profile; however it has been estimated

that only three hits would be necessary for a solution with a remote user

terminal (John Bryan, Old Dominion Systems, Gaithersburg,  Maryland 20760.

November 6, 1979 pers. commun. ) It is clear that there are many other

factors which enter into the successful location of whales by satellite

and that a minimum of 1000 simulations should be run to qet an accurate

prediction.

A second approach is to estimate directly the probability of

receiving a minimum number of hits in a spacified time. Assuming that

the dive times and surface times are independent and normally

distributed and that the window can start when the animal is underwater

or at the surface, the following equations apply:

If x and y are normal, where

Xi = lenqth of time spent underwater

yi = length of time spent on surface

given u ~ =%IIY =Y, c~ = SX, uy --  SY;

I

I
1

u
u
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then Pr (animal surfaces 5 times as required for an Argos location fix

batween I and J seconds, the satellite window) .

4 5
Pr(I < xi + Yi < J) 2 +

i=l i=l X3
4 ’ 5

Pr(I< Xi + 1/2 Xi + Yi<J)x
i=l i=l xTg “

Let A squal the first probability statement and B &e second.

J-4MX-5M
A = Standard normal probability of

m

- St. normal prob. of I-4u -5~

Then:

(J - 4.5u - 5P ) (I - 4.5II - 5UY)
B . St. normal x

-  S t .  n o r m a l  — — - ~ -
-

J
4. 52#x ~ 52cr2

Y J 4. 52#x
2 2

+50
Y

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

last hit ba separated by at least 480 sec ( 7 rein) and that each transmission

be separated by at least 4,0 sec.

Both of these approaches are really only first order approximations.

Data can be more easily incorporated in the simulation procedure and it

seems more flexible. The probabi Ii ty procedure is confounded by the fact

that it is possible to get more hits than specified into the window.
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Thescientists understanding  of the behavior and

movement of whale populations is limited by an
inability to recognize individual animals. Usually,
onlya small part of theanimai is visible at sea, and
then only when it is at the surface. Individuals

within one pod, or even several neighboring pods
may all look alike. in fact, after hours of
observation, only occasionally is the whale watcher
certain that the same whales are being viewed. On a
recent expedition, for example, five whales were

observed for several hours, with no other whales
apparently in the vicinity — their respiration, dive
times, behaviors, and interactions between
individuals were all carefully noted — when
suddenly, there were six whales. We had to start all

OCEAN US
Vol. 21, No. 2, Spring 1978, pp. 48-54
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over again. Had there been six whales from the
beginning? They all looked so much alike that we
were not sure.

~Natural markings that clearly distinguish
individuals in a whale population are only
occasionally available. Some species have few, if
any. In others, the location of their markings makes
behavioral observation difficult. For example, the
head rowth patterns on right whales can only be

?seen rom above, and the distinctive fluke patterns
on humpbacks are visible only from below or from
behind the whale (if flukes are lifted out of water).

When whales appear frequently at the
surtace in good weather, the observer can otten
detect slight variations in the animals—such as fin
shape, nicks, or scars. These sometimes allow the
whale watcher to distinguish between individual
animals. If these variations can be photographed,
certain animals can be identified from month to
month or year to year, yielding important data on
migration routes, among other information. Killer
whale studies conducted in Puget Sound by
Kenneth Baicomb and others are good examples of
studies that were able to utilize such natural marks.
Pigmentation ditterences  also are potentially
useful, when they can be seen. Unfortunately, the
usual weather and sea conditions, as well as the
whales’ limited presence at the surface, make it
extremely hard to recognize individuals, except
under special conditions (Figure 1).

Howdoesone  label ormarkawhaleat sea?A
variety of methods have been tried —paint,
streamers, even flashing lights, and radio
transmitters — but none have proved very
successful, except when tested over short
observation periods. We have stayed away from
acoustic tags for animals that react to the noise of
ships, and even to low-level pinger sounds, but use
of the whale’s own sounds (see Ocean us, Spring
1977) has been more successful, The most

Figure 1. Humpback
whales are the easiest to
tell  apart — it’ th ere are
only a few,  if they  spend a
considerable amount of I
time at the surface, and if
they display the underside
of their flukes when
diving. [Photo K. E, !~OOreJ

9

promising method for Iongerterm tracking is radio;
development of a usetul radio whale tag appears
close at hand. I

Radio tags have been used to track all kinds of
—

wildlife— irom  pigeons to elephants and penguins.
Such a tag for whales should be a simple matter. All
one has to do is find a small radio with enough B
power to broadcast through a wet, inefficient
antenna, provide enough batteries for several
months of operation, put it all into a case with
insulators that will withstand a few thousand meters
ot water pressure, and . . . catch a whale. But radio i

tagging of large whales at sea has proven to be very
complicated; only after many years of trying are we
on the verge of developing a tag that will work.

Ideally, a radio tag should provide an i
identifying signal whenever the whale is at the
surface. The tag should be attachable from a
distance of tens of meters — most whales are not
easily handled at sea and many cannot be 9
approached for attachment by hand. Ideally, the tag
should be designed so that it disturbs the whale as
little as possible, while providing behavorial
information over relatively long periods of time — I
several months, at least.

Early  Radio Whale  Tags

The tirst efforts to develop a radio whale tag at the
Woods Hole Oceanographic institution be~an in
1961. A small transmitter was built and methods
were considered on how to attach it to right whales,
Euba/aena g/acia/is.  Transistor circuitry had I

developed to a point where high-frequency
oscillators could be made to fit into small pressure
cases, but the big problems (then, as now) were
locating battery supplies in small enough sizes, and D
tinding adequately efficient, rugged antennas.

During 1962, “1964, and 1965, a number of
radio tags were placed on right whales. Although

I
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Figure 2. A 1965 radio tag (1.5x 15.5 centimeters). This tag
was used on right whales in Cape Cod Bay. Use of the tag
was /imlted because exlsung radio direction finders could
not home m on the very short S./gna/s  produced from the
tag when a whale surfaced. (Photo K. E. Moore)

unable to track the animals, this provided us with a
good introduction to radio tagging. The best tag
(1965) was in a 1.5 by 15.5-centimeter cylindrical
case with a wire antenna at one end and a barbed
point at the other (Figure 2). The tag was attached by
dropping it from a h~liocopter  on = weighted pole
— the tag penetrated to the base of the antenna and
the pole was then released and pulled back. The
transmitter circuitry (140 megahertz at 1 milliwatt)
operated only when the antenna was clear of the
water sue-ace.

While the attachment of the tags to the
whales was successful, tracking was frustrated by
damaged tags, competing radio-frequency noises,
and movement of the whales away from our area.
The main difficulty, however, was the lack of
adequate directional receiving gear. A very rapid
indication ot direction was needed for the short
(2 seconds or less) signals that were transmitted
when the tag appeared at the surface.

During the next few years, small radio
beacons were developed for use in the recove~ of
research instruments at sea. William E. Evans of
Hubbs-Sea  World Research Ceriter, San Diego,
adapted these beacons so that thev could be used
for tracking porpoises (Figure 3). Portable,
automatic, radio direction-finding gear also was
developed for Evans by Ocean Applied Research
Corporation, San Diego. These systems were used
in a number of very successful tracking experiments
on smaller species of cetaceans. The radio
attachment required that the animal be captured
and the equipment tastened in place, which meant
that only animals that could be caught and handled
could be tagged. More recently, similar radio
tracking has been done on killer whales in the
Seattle area by A. \V. Erickson.

Remote Attachment for Whale Tag

With the development of the automatic radio
direction finders, Woods Hole researchers again
began to design a radio tag that could be used at sea
on tree-swimming whales, especially finbacks.
Remote attachment was required, so that tracking
could be done from surface vessels as well as
aircraft. Our radio tag development started
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therefore with a frequency range (27 megahertz)
and powers (200 to 300 milliwatts) that could reac!i Iy
be received by existing radio direction finders. With
previous tests serving as a guide, it was decided to
develop a system that would uses standard shotgun
to shoot the tag from a ship and penetrate the
blubber of a whale so that only the antenna
remained o’utside.

During 1973, radio bands were monitored for
useabie frequencies, Federal Communications
Commission allocations were obtained, an
automatic direction finder was purchased, and
floating beacons were tested for overwater
transmission characteristics. By 1974, a suitable
transmitter had been miniaturized that would
withstand the stress of rapid accelerations. Hugh
Martin and Romaine Maiefski of the Ocean Applied
Research Corporation agreed to work with us on
this development and undertook to work on the
ballistics of the radio tag so that it could be shot
from a gun. Other investigators — particularly
Evans, G. Carfeton  Ray (see page 55), and Douglas
Wartzok of The Johns Hopkins University — joined
the effort and supplemented our input with ideas
and funds. The complete radio whale tag was ready
for testing in December 1975.

Figure 3. Radio tag fitted to the fin of a captured porpoise,
Delphinus delphis.  The tag provides [racking informatlorr
and telemetered data on maximum  depth of dive. William
E. Evans, Dtrector  of Hubbs-Sea  World Research lnstjtute
in San Diego, Califorma,  used these tags to prowde  the
first hard  ;nfomat)on  on feeding, offshore school
movement ar night, diving habits, and on the group

composition of wild species. (Photo W. E. Evans)
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The launching system for the tag includes a

/-+ / detachable, hollow ~ushrod  that fits over the

-.

F;gure  4. Latest radio wha/e tag (7.9x 24 centimeters). /t is
expected that this tag will a//ow the tracking of firrbacks  for.
at /east 16 weeks — if the wha/es behave norms/fy. The
pushrod (above) fits over thearrferrna, projecting it during
firing.

Up to this point, efforts had been
concentrated on devising a tag that would be
rugged enough to be shot from a gun. Now, we
began to assess its reliability.

The Radio Whale Tag

The radio whale tag produced by Ocean Applied
Research has a 27-megahertz, 200-milliwatt
transmitter fitted into the upper end of a stainless
steel tubular case, 1.9 centimeters in diameter and
24 centimeters long. The size of the case is dictated
by the size of the power supply, three organic
lithium batteries. The 45-centimeter whip antenna is
topped by a water contact that shuts the transmitter
off underwater. The lower end of the case is fitted
with two hinged barbs and a penetration point. A
flange at the base of the antenna limits penetration
so that the tag can be imbedded in the blubber with
only the antenna protruding (Figure 4).

antenna and into the barrelofa  12-gauge shotgun. A
line is fastened to the pushrod  and allowed to pay
out as the tag is fired, providing stabilizing drag tor
the tag in flight and permitting retrieval of the
pushrod or the entire tag if the shooter misses the
whale. The push rod is secured to the tag with
fastenings that release the pushrod  when the tag is
implanted (Figure s).

Testing the Tag

The tag was first tested on chunks Ot blubber and
rag-filled boxes, then on whale carcasses at the
whaling station at Hvalfjordur,  Iceland. These tests
proved that a small target could be hit consistently.
The pushrod assembly provided good protection
for the antenna, the transmitter circuitry worked
well, and the ADF receiver gave true bearings.
Despite this, a number ot problems arose. Some
were remedied on the spot, some required factory
modification, and some were tolerated for the
duration of the tests.

in Iceland, personnel at the Marine Research
Institute in Reykjavik  and at the shore whaling
ktation of Hvalur  H. F. at Hvalfjordur  were very
cooperative in’aiding  us with the experiments. Tags
were tested on fresh whale carcasses (within 20
hours of capture); they were fired into the bodies as
they f(oated at the base of the ramp leading to the
station flensing  plant. Firing positions were chosen
to simulate the angles and distances expected when
working at sea.

It was soon obvious that the tags were not
ready to use on whales at sea, due to extremely
erratic penetration. Although a few shots
penetrated successfully, most turned in the blubber

Figure 5. Radjo whale tag
being shot from a
weighted 12-gauge
shotgun, utilizlng  a
speciallv  loaded  sh e((.  .4
line attached to the
pushrodpays  out from the
cannis[er.  permitting
fetrieva/  ofa fag if it
misses. (Photo K. E.
Moore)
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or ricocheted off the skin. Some turned after
penetration, protruding from the blubber. More
work was needed to develop an improved point, a
more rugged antenna, adiiferent  pushrod fastening
system, a water-tight design, and a power supply
that could survive the accelerations of firing. The
deceleration shock against the hulk of the whale
was as detrimental to the tag as that of being fired
from the gun. Tests on fresh whale carcasses
provided problems very different from those
conducted on targets.

Ataboutthe  same time asourtest  inlceland,
two other groups were experimenting with these
radio tags on live whales. Michael  F. Tillman  and
james H. Johnson of the National Marine Fisheries
Service in Seattle tagged humpback whales,
Megaptera  novaeang/iae,  in August 1976, near
Juneau, Alaska, succeeding in tracking one iorat
least six days. Tags also were tried on finback
whales, Ba/aenoptera  physa/us,  during August 1976
in the Gulf of St. Lawrence, Quebec, by Ray,
Wartzok,  and Edward D. Mitchell ot Environment
Canada at Ste. Anne de Beilevue,  Quebec. They
tagged and successfully tracked one whale for a
little more than a day, using both aerial and boat
tracking. The tag iailures  and ricochets that these
workers experienced appeared to be similar to the
problems we encountered in the Iceland tests.

A radio tag attached to a finback  whale could
last as long as 16 weeks. This estimate is based on
our observations oti  Cape Cod, which indicate that
over extended periods, fin backs average about one
biowperminute  with anaverageof  2secondsatthe
surface. The tag now seemed potentially usetul so
we redesigned the faulty components.

Ballistics of the Tag

As soon as modified tags were available, thev were
tested. But there were still differences in the tlight
and the apparent orientation ot the tags as they
arrived at the target. The new components had not
solved this problem. The highly variable trajectory
obviously was ultimately responsible tor the
performance oi the tag at implantation.

To discover what was happening, high-speed
photography with a Fastax WF 3 movie camera at
1,200 pictures-per-second was used to study the
trajectory oi the tag. The iirst photographs revealed
that the radio tag was breaking loose at the
beginning oithe  trajectory. Upon firing, most otthe
fastenings between the tag and the pushrod
sheared, and, as the pushrod moved out of the
barrel of the gun, the tag assumed a steeper and
steeper downward angle with the point of the tag
dropping sharplv. Thus the tag and pushrod
assumed different trajectory angles, and, in light of
this, it was not surprising that the tags were
erratically penetrating the targets. The photographs
showed that the tags separated trom the pushrod

with every shot. None of our modifications seemed
to work: iinally,  we devised a spring-loaded
connection between tag and pushrod that allowed
movement sufficient to keep the fastenings from
breaking, and to permit the tag and pushrod to
realign in flight with only a little wobble. Perhaps a
point could be found that would minimize the
effects of the wobble at impact.

Duringa series of tests in 1977 in Iceland,
different points were tried to see if one would
perform better than others. New, modified tags
were compared with those from the year betore,
and thedurability  of components, such as antennas
that had previously failed, were checked. Each
whale carcass was used for three or four shots, otten
placed 10 to 20 centimeters apart, so that each series
of shots would be as identical as possible. The
high-speed photography verified the results,
showing that all the modifications had been
improvements.

A Point for the Tag

Our tests in Iceland were limited by the short period
of time that one could work on a whale carcass, and
bvthenumber  oftagcomponents  available..Sincea
ricochet usually resulted in losing a tag in deep
water, shots were not repeated with point shapes or
angles of impact that produced a ricochet. For
example, the 1976 point was only used hvice in
these tests; one was a ricochet that lost the tag, and
~hesecond  took averysharpturn in the biubberthat
snapped off the pushrod. In the same series, other
points performed properly.

Since the beginning. otwhale hunting, some
harpoon points have been found to work better
than others. The harpoon head currently used by
Icelandic whalers has a blunt point with tour small
projections on the periphe~ otthe tip: it is
reported to have less of a ricochet tactor oii whale
blubber. Of the tive basic shapes that we tried, the
onlv point that penetrated iullv  and straight every
time was that shown in Figure6.  It allowed thetagto

Figure 6. Po/rrt that pert”ormed  best !n tests on whale
carcasses, penefratmg  even at low  angles wthout turning
In the b/ubber.  /n addftion  co cuttjng  edges, It has relief
channels to prevent hjgh pressures from bujldfng  up In
front of the tag, (Photo K. E. Moore)
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Figure 7. How long will the radio tag survive on a whale? If the answer turns out to be a considerable period of time, a
finback,  such as this one, wI//  no Iongerbeanonymous,  andperhaps enough will be Iearnedabout  this species to help
itsurvive  itsincreaslrrg  association with man. (Photo K, E. Moore)

penetrate with impact angles as low as 20degreesr it
did not turn in the blubber, and there were no
ricochets. It is interesting that the form o(this point
is somewhat like the tip of the grenade head that has
evolved in the whaling industry.

Will a Whale Wear the Tag?

The tests of the radio tags on live whales have been
encouraging. Tillman and Johnson conducted
another experiment in July and August of 1977.
Again,  thev tagged humpbacks and were able to
track individuals by radio for about a week. The
whales did not appear to be particularly upset by the
tags; they seemed to behave normally shortly after
tagging.
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Now we need to know how long such a tag
can survive in a whale (Figure 7). Will the blubber
relect  our stainless steel tag or will it encapsulate
and hold the tag firmly  in place? A careful test series
is planned this summer on both finback and
humpback whales.ltwill  beajointexperiment  with
all those who have been involved in the
development of the radio tag. We hope the whales
will be just as cooperative! We need to know if a
whale will really wear the tag.
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CURSENT STATUS OF WHALE TAGGING

William A. Watkins
Woods Hole Oceanographic Institution

Woode Hole, Massachusetts 02543

INTRODUCT ION

Positive identification of individud. whales allows confidence In

assessments of population discributiona,  mavemencs, activities, and be-

haviors. So often, when unequivocal ident if icacions have been available,

as with a radio tagged whale, the general aesumpcions  about the animals

have been demonstrated co be ti error. Our own esperi.mencs  with radio

tags on whales have shown this. In Prince William Sound, Alaska, the

finback  whales (BaLzenopteru  physaLua)  we tagged were thought to be on

their way through the area, but ins cead we found che same tagged animala

almost daily in the same locacions  for 28 days (Watkins et aZ ., 1981) .

Also in Prince William Sound, che humpback whales (Megapteztr  novaeangliac)

had been considered to stay fm small areas of the Sound, but che radio

tags showed that they ranged widely, often 100 km or more a day. In

Venezuela (Watkins et al. , 1979) , Bryde’s whales (Bc!Zaenoptertz  edeni)

were tagged so we- could work with a locally resident group of whales, but

the tags confirmed chac these whales only–stopped briefly on their pas-

sage through che area. And off Iceland (Watkins, 1981a; Watkins et al. ,

1981) , a tagged finback whale and its companions crossed over from a

population feeding on dense krill concentrations to the Greenland area

to feed on scattered schools of small fish, traveling 2000 km and re-

vising our theories on separated populations in those areas.

The pocencial of radio tags for understanding the biology and dis-

tribution of cetaceans has been reviewed by Evans (1974) , Norris et al .,
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(1974) , Watkins (1978), and Leatherwood and Evans (1979). The advantages

of radio for tagging whales are (L) the positive unequivocal identifica-

tion provided by a coded radio signal, (2) the recognition of the signal

in spite of darkness and weather, (3) the potential for monitoring the tag

at a distance, and (4) continuous sequence of observations, i.e. , tracking. 4

In addition, with radio tags there is the possibility of telemetry of

environmental and physiological information as well as 10 cation by remote

receivers, including satellites.

A radio transmitter attached to a whale indicaces the location of the

tagged animal by broadcas  cing a signal whenever its antenna is raised above

the sea surface. By following a series of surface locacions, the tagged

whale can be tracked, and mnvement and speeds can be calculated. The

radio signals provide a position or ac least a direction for each sur-

facing of the tag, and depending on the location of the tag on the whale,

surfacings can be correlated with particular behaviors such as breathing.

Positioning a tag near the blowhole, for example, allows an indication of

respir~cion and dive cycles.

Although the Discovery mark is noc a radio tag, it has been implanted

into thousands of whales with no apparent effect on whale behavior. All of

the commercially important species have been studied through the use of the

Discovery mark. This mark is a labelled  tube 23 x 1.5 cm (9” x 5/8”) with

a penetration point. It is fired from a shot-gun into the muscle of a

whale to be later found in the meat when the whale is caught. This prO-

vides two bits of information: the whale’s lacacion at the time of the

shot and its location when it was caught. The properly implanted mark

apparently has nO effect on the behavior of the whale — no differences in

behavior have been found between tagged and untagged whales. k long as

q’1

-s
-+

the mark did not pass through the water, there has been no reaction to the

tagging (see Ruud, 1954) . In our experience, it has not msttered whether

che Discovery. mark penetrated fully, or, as often happened, the cube re-

mained partially protruding; in either case there was no mnvement or

avoidance OK sudden motion by the whale that could be relatsd to the

tagging shoe. On the other hand, if the shot, missed and the mark hit

the water, che whale invariably flinched and moved away quickly. This

was probably in reaction to the sharp, loud sound created by che mark

hitting and moving through the water. Avoidance reactions are commonly

noted from che chasing and maneuvering of the tagging vessel but not from

the tagging itself. Because of this cons iscenc lack of reaction to the

implancacian  of Discovery marks, we thought it might be possible to de-

vise a remotely implanted attachment for a radia-tag which also would not

bo cher a whale.

Radio Taqs

Our first eiforca to utilize a radio tag on whales began in 1961

with a series of tags that we tried on right whales, Eubalasna  glzc+>l~s

(Schevill arid Watkins, 1966). tie radio transmitters were small, MO-MHZ,

l-mwatc beacons. We experimented with different power sources including

sea water batteries, and we utilized a salt water switch co shut the Krans  -

micter  off underwater, One of the tags also included a flashing strobe

light. Actachmencs  varied as we tried several systems from swordfish

darts to wire toggles. The most successful configuration was a radio

transmirrer in

antenna ac one

of che cag was

a cube 15.5 x 1.5 cm (6J’ x 5/8”) with a L/4 wave wire

end and a point with wire toggles at the other. The body

implanted .in the blubber with only the antenna external.
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To implant the tag, we used a helicopter and dropped che tag on a weighted

pole. The attachment ideas warked,  buc for various reasons we were unable

to follow tagged whales. We learned much about attachments , tag frequencies

and antenna transmission characteristics, buc it was soon apparent that

automatic direction finding (ADF) was needed for tracking of the very short

signals (often  1 sec or less) from a cag on a whale, Porcabl e ADF receivers,

however, were not available at that time so our plans for radio tag develop-

ment were set aside temporarily.

An ADF receiver for lower  (HF) frequencies was de-veloped  some years

later by Ocean Applied Research Corporation (Ssn Diego) for use in the

cetacean tracking work of Evans (1971, 1974) , These antials  were capcured

and radios were attached CO the fins of several smaller cecacean species,

then they were released and cracked. Gray whale (Zschtichtius  r>obustus)

calves also were capcured by Norris and Gentry (1974) , and radios were

scrapped to them for short-term cracking until the harnesses were removed

by timed-release mechanisms. The captive gray whale yearling (Gigi) also

had a radio beacon attached before it was released (EVWS,  1974) , ad then

it was tracked fnr several weeka. Similar radio atzactrcnencs and tracks

also were made on killer whales (Oroinus orca) by Erickson ( 1978) .

With the availability of AOF receivers, we went back co the develop-

ment  of a radio tag for big Wtlales, and worked on a tag that could be re-

motely implanted at sea. We wanted a tag that could be used on any species

Of large  whales. The tag was co be fired from a shoulder gun at distances

of 25 m nr more, and, like Our earlier tag, it was to fmplant  with only the

antenna outside che whale. Therefore, all the components had to be designed

and supported  CO tolerate che rapid accelerations and decelerations of

firing and implancacion.

The development of a remotely implanted radio whale tag was a coopera-

tive effort over quite a long time with several groups providing ideaa and

resources, and che components were manufactured by Ocean Applied Research

Corporation* (Wacktis et a2. , 1980). This (wHOI/OAR) tag had undergone

several cycles of Cesting  on fresh whale carcasses in Iceland (Watkins and

Schevill,  1977) and field trials OCI live f tibacb * humpbacks J ~d BVde’s

whales (Ray et al. , 1978; Marine Mammal Division, NMFS, 1976 and 1977;

Watkins et al. , 1979; Watkins et a2. , 1981). Analyses nf the reacciOns

of the whales to tagging (Watkins, ; 1981b) showed consistent response by

all the whale species co maneuvering of the tagging boat but not to the

I!nplantacion  of the tag. The technology and experience in all phsses of

che development of the tagging and tracking systems has improved with

succeeding experiments. In the most recent expertient  a finback  whale

was tagged and cracked for 2000 km (1250 mi) in rhe open sea between Ice-

land and Greenland.

A more recenc  radio tag development by Bruce Mace uses an “umbrella

stake” attachment with curved tines driven into the outer blubber layers.

This attachment has proven co be Long-term and haa been used with two basic

radio cag packages external co the whale’ s body, che “umbrella” tag and che

“barnacle” cag. The umbrella tag is applied manually with a L m pole and

consists of a small 150-Mwz 10-mwatt transmitter by Telonix. ** 3.8 x 3.6 x

2.5 CFI (1.5” X 1.6” x l“) mounted on a flat plate with two umbrella anchors.

The barnacle tag is shoe (compound bow or gun) from about 5 m and uses one

umbrella type anchor with the same 10-mwatt  transmitter. Umbrella and

barnac Le tags have been used by Xate (1981) on gray whales in San Ignacio

* 10447 Roselle St. , San Diego, California 92121.
** 1300 West University, Mesa, Arizona 85201.
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Lagoon,

periods

Sea off

Baja California, Mexico,

of months. The barnacle

‘lkktoyaktuk Peainsula in
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and some tagged whales were tracked over

tags were used on bowheads in the Beaufort

Canada by Hobbs and Goebel (1981) with

only short-term tracking. All of these experiments indicate that the whales

have no c reacted adversely to the tag implantation.

Other schemes for attaching radio beacons co whales also have been

devised buc generally have not generated extensive programs of testing and
— -. .

development. Examples are the tag developed by Erich Fo12mann (see Mate,

1981) and the suction cup t’g by Jeff Goodyear (1981) which floats- after
.— --

it comes off in a few days and can he retrieved.

tiaTaCteKiStics of an Ideal Ta&

From the experiments on radio tagging of several whale species to date

and the experiences of tracking in protected waters as well as on the open

sea, the ideal radio tag for whales would appear to need the following

char accerist ics.

1. The tag does not af feet the whale !s behavior.

2. The tag can be attached frbm a distance. .

3. The tag is retained over a long period.

4. The tag transmitter operates over a long period.

5. The tag has an individually identifiable signal.

6. The cag is not susceptible to damage.

7. The tag .ancenna is insensitive to orientation.

8. The tag signals are radiated in all directions, without

interruption by local obstacles.

9. The tag signals are received at a distance.

LO.

11.

12.

-P
‘Q

The tag direction is indicaced  by Automatic Direccion Finding

receivers.

The tag signals are monitored automatically.

The tag is located easily from both the air and the surface.

The characteristics of the ideal radio tag are discussed briefly below.

Examples are drawn mainly from our own experience with che WHOI/13~  tag,

but it is evident that this is noc a perfect whale tag.

of the listed tag characteristics are also interrelated

systems. Both cag and signal receiver have to be ideal

acteristics.

1. The tag does not af feet che whale’s behavior.

The last 3 or 4

with receiving

to meet these char-

The tagging pro-

cedures and the tags should be non-interruptive co the whale. With any

o f the current tag designs whales have not reacted to the tagging when

approached quietly. Although whales must not ic’e the penetration of ac-

cachmencs as well as che force and weight of tags striking their body, ctiey

da not seem CO react to those events, perhaps because they are over quickly

and not repeated. Whales have reacted, however, to movements on their

bodies, such as by a moving hand, or by a tag like our first (Schevill

and Watkins, 1966) that was free to swing on sn implanted anchor. After

tagging, whales with che current tags have consistently acted normally and

no differently from untagged companions. Other wbal es have noc behaved

cliff erencly toward tagged animals. Current tag designs, therefore, fit

the ideal of noc affecting the whale ~s behavior.

2. The tag can be attached from a distance. To allow tagging of

whales without approaching too closely (which often requires disruptive

. .



chasing) , cag attachment

ocean animals. The 30-m

finbacks off Iceland, so

from a distance is needed, especially for open

tagging distance was considered short for the

we are currently crying  to modify the WHO I/OAR

tagging sysu=m to provide a 50-m range. Although it sometimes has been

possib Le to maneuver quietly and approach whales very closely, in most

encounters whales are ouc of reach of systems that cannot be used at  a

disrance. Some species are more easily approached, but the ideal tag

would be attachable on any large whale from a distance.
. .

3. The tag is retained over a long period. Perhaps ideally, a tag

could be removed ar the end of its useful life so chat ics continued re-

tent ion does not become a problem. Radio tags that have stopped trarrs-

micting may sometimes be able to provide information if the tags can be

positively identified visually or even if they are later found in a car-

cass. Unfortunate y, many untagged whales are erroneously reported as

having streamer tags on them so chat positive visual identif  icacion is

needed. The case of each WHO I/OAR tag is numbered, recorded, and marked

with a request far notification if found. This is recommended for ail

whale tags. For Qosc tracking experiments, the duration of current atcach-

mencs has been demonstrated to be sufficient to provide cracking data over

a few weeks (WHOI/OAR) or months (Mace /Tellonix) . For longer reacquisition

experiments co delineate migration paccerns,  for example, we probably need

more realistic assessments of the accion of che tags on whale tissues in

order to assure long-term recencion.

4. The car?, operates over a lonq oer iod. Tag transmitters should

operate at least for the Life of che experiment, and ideally for che period

of tag recencion. Organic lithium batteries currently provide the most

energy per size and weight. md are used in mOst tag designs. Special

support for the bacceries  was needed far the WHOI/OAR tag during firfng

from a gun. snd hermetically sealed cells were required to avoid corrosive

gas leakage, The size of the battery supply for a tag depends on a number

of interrelated factors: signal power level adequate for receivers, signal

repetition and pulse length (duty cycle) , antenna efficiencies of both

che tag and the receiver, and the desired reception distances. ” The WHOI/

OAR tag used in Iceland had a potential operating life of about L2 months

on a normally accing finback with 2 to 4 sec of signal per min. The ideal

operating period of a tag would be suited to the potential monitoring

period.

5. The taq has an individually identifiable signal. Each tag in an

area should be identifiable, such as by different frequencies, different

signal pulse rates, or different modulation characteristics. Provision

1s needed  for simultaneous monitoring of all the tags in use in an area;

otherwise, some signals may be missed while listening for others. Indivi-

dual identification of tags allows concurrent work with several animals,

or co trace behavioral differences, as in the Iceland finback experiment

with multiple tags on one animal. The ideal tag would be uniquely identi-

fiable.

6. nle caq is not susceptible co damage. Components of che tag chat

are o“cside the whale’ s body may be subject to mechanical damage by the

whale rubbing against ice or ocher objeccs, against other whales, or de-

pending on cag Locacion, against its OUT-I flippers. Drag through che water
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also can bend or pull on tag components. The eXtemd antenna on the WHOI/ ‘ ~

OAR tag was repeatedly modified co provide a rugged but flexible antenna to

bend with che water flow but with enough stiffness to push it upward ac the

surf ace. To make sure that it could take the pressure of a deep dive, this

tag also was tested and repeatedly cycled to a depth of 3500 m (5000 psi,

Watkins and Schevill, 19?7 ) . The ideal tag would be rugged.

7. The tag antenna is insensitive to arientacion. A a tagged whale

moves at the surface, the orientation of the sntenna.r.elacive  to.. the surface

of the water normally varies considerably. The usual efficiency of a tuned

quarter-wavelength antenna, t heref  ore, can only be realized occasionally

when it stands dry and at right angles to the ground plane. Most often

the tag antenna is detuned  and inefficiently loads the transmitter be-

cause of low angles co the water. By utilizing a partial wavelength antenna

loaded electrically to be much less sensitive to ground-plane angle and by

tuni’ng  for maximum out-put at 30 to 40”, the wOI/OAR tag was able to load

the transmitter much more efficiency. The implanted body of this tag

supported a relatively large antenna for the 27-30 MHz f requencies~  so,

of course, it could well support smaller antennas if the tag were used

for higher frequencies. Signals from the whale tags should be radiated

omni-directionally, but the position of the tag on the whale dictates the

way the tag is raised out of water during a surfacing. The ideal tag would

be insensitive to the variations in orientation of its antenna.

8. The tag signals are radiated in all directions without interrup-

tion. Relatively uninterrupted, unreflected signals need to be radiated

from a whale tag. This is largely frequency dependent. AC VHF frequencies

.

(above 40 co 50 MHz) signals are radiated

and are reflected by any obstacle that is

in straight “line-of-sight” lines

a wavelength or longer in dimen-

sion, with some reaccion down to l/f wavelength. Thus a 150 MHz VHF signal

can easily be blocked and reflected by waves or ice measuring 50 cm (20”-

wavelength) or larger, while a 30-MHz EF sign~ would be affected by Ob-

jects of about 10 m (33’) nr larger. In addition, the lnwer frequencies

are bent somewhat around large objects, and they may be received beyond

the horizon, In sireable seas whales usually surface only in crougis of

waves, so the lower frequencies were needed to track the f inback from a

ship in the stormy Denmark Strait. Higher frequencies are effectively

blocked by the horizon and by all titervening wave lets, though they may

be reflected well from a large object, such as nearby shore, often at a

different direction. High placemenc  of receiving antennas allow greater

distances for reception of signals from tags at water level. l%eorecically,

the higher che tag frequency, the higher the receiving antenna needs to be

since smaller obstacles become more disruptive as the wavelength gets shor-

ter. The signals frnm an ideal tag would not be Interrupted.

9. The tag signals are received at a distance. The distance for re-

ception at a signal from a whale tag depends on the characteristics of both

the cag and receiving system, including the follnwing: the tag frequency

(#8 above) , the radiated power, the efficiency of the tag antenna, the posi-

tion of che tag on che whale (/}7 above) , the propagation characteristics

Of the tag frequency. Also of importance is the receiving antenna effi-

ciency , relative antenna height (#8 above) , receiver sensitivity, signal-

co-noise levels and bandwidths , and relative stability of the receiver

and the cag frequencies. The ability of a radio receiver to discriminate



true signals from background l~oise depends lsrgely on the stability of

OS Cilla COr S in both the tag snd the receiver so that che receiving band-

width can be narrowed to encompass only che transmicred  frequencies. High

stability oscillators, therefore, can provide large increases in reception

distance, parcicularl  y at the lower frequencies which inherently travel

further and, therefore, have more competing noise. If the direccion to

a tag is known, then high gain receiving antennas cm be used Co further

increase recepcirm distance. Fr&s a 15 m (50’) “antenna height, the hori-

zon at the surface is at about 13 km (8 mi) , but a li”ne-of-sight”  (VHF) tag

frequency can be received reliably only at about 5-7 km (3-4 rsi) on a flat,

calm day because of incerveni”g  SWelLS and “~ve~ets. At the lower (HF’)

frequencies, recepcion distances from the same antenna height are greater

than 32 Ion (20 mi) but are limited by signal levels required by the ADF

reCeiverS and not by blocked S~gIISIS  (see nI@aSureDenLS  in sche~~~l ad

Watkins, 1966, of both surface and aerial recepcion discsrrces)  . The ideal

tag would be received at a dis tan<e that would allow easy cracking and

relocation of a signal.

10. The cag direction is indicated by ADF receivers. Automatic direc-

tion firrding receiver systems (ADF) are needed co provide reliable direction

tO a tagged whale because of the very shore radio signals that are often

produced only af cer IOIIg ~CerVaIS. Highly  directional receiving smtennas

cannnOt be turned effecciveiy  to find these signals, and the variable levels

produced by whale tags do not permit reliable judgments of direction or

proximity based only on signal level. Sirnultarreoue comparison of I--O or

more antennas with separate receivers allows an indication of relative di-

rection. One of che advantages of che use of lower frequencies for surface

tracking has been che availability

providing an irrsuediace df.reccional

of good AOF syscesrs for these frequencies,

reading for each signal  pulse. A scsjor

disadvantage has been che high signal levels  required to operate the rela-

tively insensitive systems. The ideal tag, therefore, would be matched to

the characteristics of a sensitive ADF receiving systsm which would provide

accurace direction for the tag signals. Ac higher frequencies, AOF systems

often function poorly because of inherent variations fn signal pathways -

seldom a problesr  at lower f requencles.

11. The tag signals are monitored automatically, Radio signals from

Lagged whales provide large amounts of information on behavior if all the

9 ignals can be recorded and related to time and direccion. Therefore, aucO-

macic recording of signals is highly deeirable, but can only be accomplished

if che signals are clearly idertcff iable by che equipmerrc. In most of the

early tag experiments , signals have been idencif iable only by durations srrd

repetition races which often have been duplicated by smbient noise. Addition-

al modulacicm  of the signals is, therefore, degirable  to assure recognition

oi che signal by automatic equipment. A s cepped two-cone modulation is used

on the WffOI/OAR  “hybrid” transrsicter  to provide unequivocal identificaciom

of 10 transmit cers on each frequency and co allow telemetry output. The ideal

Kag would provide an identifiable signal appropriate for aucosmcic signal re-

cording.

~~. The rag is locaced easilv  from both che air and che surface.

Aerial cracking allows  reception of more distant signals at VHF srrd lover

[W freq”cncies  beczr”se  of che greater antenna height, with reception dis-

c~nce l~aiced by signal  strength (Schevill and Watkins, 1’366) . The vertical

t.lq antennas radiate in all directions horizontally buc do not radiate much
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Watkins) and che National Space Administration (Contract NA5-2-9300, Ray

and Warczok) . This is contribution number 5097 from the Woods llo Le Oceano-

graphic Insticucion.
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HISTOftJCAL DEVELOPMINT
OF THE SATELLITE-MONITOHED WHALE TAG

By Bruce R. Mate, Or egon State Uni Ver$i ty
Hatfield Marine Science Center, Newport, OR 97365
Phone: (503) 867-3011

1979: Three gray whales were radio-tagged in 5an Ignacio  Lagoon, f3aj~,
Mex ice, with low power VHF !$umbrel  laS’ tran~mitter?. The external tag wa?
attached with two ~ubdermal clu?ters  of inconel  wires and trailed a colored
streamer. One whale wa.. looated f~ve time..  along the coasts of California,
Oregon and Ala~ka, traveling at least 6,800km  in 94 daY$. The ?ame tag wa?
observed still in place 27 months after tagging (Mate et al. , 1980; Mate et
al. , 1983; Mate and Harvey, 1984) . Advance?: a new housing de? ign; a new
attachment etrategy; prel iminary a?~e??~nt Of 8raY whale div ~ng abi~itY and
dive patterns; determination of northbound migratorY ~wimming ?Peed; fir$t
mea?ure of migratory timing for an individual whale; current di?tance and
duration record for a radio tagged whale. Le??on?: data collection was labor-
int, ensive; limited range of VMF tag wa? 6 to 10 mile?, surface to surface, and
up to 50 mile? from a plane at 5,000; good behavioral observations were made.

1980: Ten gray whales were tagged with !Iumbrel la,, tags identical tO those

used in 1979 and two w~lales  were tagged wi~ new Projectile “barnacle” ‘ags
(Hate and Harvey, 1984). Over 11,000 dives were monitored during a 50 day
period and dive patterns were analyzed (Harvey and Hate, 1984) to a?se?i=  the
feasibility of meeting Service Argos criteria for ~atelli te-moni tored track ing
(at least 5 surfacing: ?eparated  by at lea?t 45 seconds, but within a 15
minute period) . Advance?: enormou? sample ?lze of dive duration~ fOr pattern
analysis; evidence of whale? moving between lagOOn?; documentation Of
individual whales moving in and out of San Ignacio Lagoon during the night;
identification of a feeding area off the northern Baja CCra?t. Lesson: good
attachment again; same transmitter 1 imitation? a? dur ing 1979; ~urfacing~ were
frequent enough to a??ure ?atelli  te-moni  tored location~.

1980-1981: Larry Hobbs, Marine Mammal Tagging Office and National Marine
Mammal Laboratory, took over all tagging and development effort?. A summer

bowhead whale tagging effort with VHF tag~ in 1980 produced no ?ub?tantial
data. In 1981 Hobbs left the NMML after encountering some technical obetacle$
in the development. of a ?mall temperature ?table Argo? transmitter (PTT) .

1982: OSU resumed development of the uhale PTT in collaboration with Telonics
and Or. Vin Lally  at the National Center for Atmospheric Research and
encouragement fr’om NASA.

I
1983: The first successfully satellite-monitored whale tag (a Telonlc$  UHF
transmitter ) wa? successful] y appl led to a humpback whale entangled In a
fishing net off Newfoundland. The tag, although poorly attached with
!Iumbrella”-l  ike anchors, located the whale 10 time? during 6 day~ over a
di?tance  or 700km (Mate, et al, in press). The transmitter sent 126 messages
with information about the duration or the 2 mo?t recent dives and the
transmitter temperature. Eight of the 10 locations were calculated from
doppler  data supplied by Service Argo? 4 weeks after the experiment; 2 were
determined by a local user terminal at NASA/Goddard. The humpback whale moved
off shore to an area where the Gulf Stream and Labador  currents converged.
Thi.. wa? an area where capelin, a favorite food, frequently concentrate.

Humpbacks likely use temperature gradients, like thernncl ines, which are
barriers for capelin, to increase their foraging efficiency. Advance?: fully
remote moni Loring; overlapping data between consecutive transmission~ for
accuracy check; temperature data; use of other satellite imagery to confirm
sea surface temperature.”; new pressure housing; sophisticated saltwater
switch; new truncated hel ix (short) antenna; rirst functional use of a
satellite-monitored radio tag on a whale; electronics worked well; overcame
technical problem of SIMII temperature-stabile oscillator by i=pecial  permit
from Serv ice Argo?. Lesson: the attachments failed to deploy completely
(manufacturing error); high power consumption due to oscillator and
microproce??or  need?; 1 imited  operational 1 Ife (35 days) .

198U: A female gray whale was tagged with a satellite-monitored transmitter
in San Ignacio Lagoon, Baja, Mexico, and transmitted information about dive
duration, temperature and depth of the whale at 15 second intervals during the
previou? dive (Mate, In pre??) . The tran?mi tter attachment underwent Pevere
te.”ting  immediately a? the female engaged in courtship with 2 males ror three
10 minute session?  during the first 45 minutes after tagging. The tag
remained attached but was only heard for a single day, during which it
reported dives as deep as 55 meters and a? long as 6 1/2 minutes. Advances:
incorporation of a pre?sure transducer and ~oftware  logic for samp~ lng
throughout the dive; microprocessor encoding of variable length messages and
preamble? in accordance with differing amounts of data (dive duration?) .
Lesson: the satell ite-monitored  tag was too large to be applied to whale?
which are in phy?ical  contact with other whale~  (mating or Calr production),
reducing the expected time of the tag’?  attachment.

1985: A captive manatee was released wi th a new and Wmller transmitter in a
tethered buoy and tracked successfully  for 100 day?. The satellite-monitored
tags in the two previous experiments used the ?ame attachment+  that had been
wed on the much smaller VHF tags. During a 1984/1985 sabbatical, a new
i=uturing system  wa? developed and a new transmitter housing wa? designed and
constructed to accommodate the smaller electronic? package. The new
attachment.c  incorporated hollow sutures to hold antibiotics and reduce the
probability of infection. Twelve suture? were used around the perimeter of
Lhe tag and were each qui te strong. Advances: lower power conwmption  and a
programmable duty cycle PO transmis.-ion$  coincided WI th periods of Satellite
coverage.
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Surface water temperatures reported from a free-ranging manatee equipped with a satellite-nmnitored radio
tag, showing a strong temperature preference for water 21” +C found only in inland waters during winter.
The 70 records of colder temperatures occurred during ocean movements between river systems.
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The locations of a free-ranging manatee off western Florida for 30 days, as m=mltored tir0u9h the
Argos system on Tlros satellites. I



13. Gray  Wlsale Mlgra!lons  ● long the Oregon Coast.  1978-1981
&nise L. Herting  and Bruce  R. McIte

Summary

To determme the !emporal  and spohal dlsmbuhon  end pod sue of the  CaIIIOrnla

gray whale EscfmchtIus  robushcs  along the O1egon coast. whale movement  was
morwored  from Ncwembef  through May during 1978-1981 Primary obsewafmns  were

made from shore, and supplemental observations were hom aerial suweys,  The migra.
tion occurred m three ma jot  phases: (1) southward mlgratmn (early December to mid.

February) fiich  peaked In early January at a maximum ra!e  0129 whales/hr:  (2)
northward/Phase A migrahon (mtd. February  through April) whtch  dld  not  include caluet
and peaked in mid-March at a max!mum  rate of 14 whales/hr; (3) northw.srd/Phase  B
(cwu/calf  ) mfgralion (late April through May) which peaked m mid.  Ma y at a maximum

rate of 6 tiales/hr,  Over 50% of all whales in the combmed soulhward  and north.
ward/Phase A migrations passed by Yaquina  Head between 1.6 and 32 km from shore

Pod size  decreased and whales moved progresswdy  closer IO shore  throughout the
northward migrat!on The cow/call migration was characterized by a htgh  percentage 01
singles and pa!rs  (90%) and travel  within 1.6 km of shore (97%) In the 1980-1981
season. an estimated 15,462 whales mtgrated  past Yaq”ina  Head during ihe  ~o”thward
mlgratoon.  Discrepancies m the estimated number of calves and total estimated number

of whales passing south  and north by Oregon  may be atmbu!  able  10 late migrants,
ammals  summering south of the  study area. and h!gher  modify  rates of calves during
their nortfiward migration.

24. Dive Characteristics and Movements of Radio-Tagged Gray Whales
in San Ignacio  bgoon.  Baja California Sur, Mexico

James T. Harvey and Bruce R. Male
.

Summary

Ten gray whales, Eschr{chhus  robusws  were rad!o  tagged and momlored  m San
Ignac]o  Lagoon, Baja California Sur.  Mexico. from February 9 to Aprd 15, 1980, Mean

durahon  of dwe for mdwldual whales varied from 1.0 to 2.6 mm (i = 1.6 z 002 mm]
Nmetynme percent 01 the  11.080 dwes  recorded were less !han  6 mm and 49% less than I

mm m duraflon. The longest dwe was25.9  mm Tagged whales ausvaged  4.4 : 06 sec at
the surface per surfacing E!ght  of Ihe tagged whales averaged less than 2.9% of the time

at the surlace (range, 1.56- 16.3%) The tagged whales averaged 35.6 sudacmgs per hr
Three surfacing patterns were documented (regular-long. reg.lar-shor!.  and clumped)
which accounted for approximately one.half  of all dwe sequences analyzed for  IWO
whales Three radio.f,agged whales were momtored  for 4.5.  and II days, and moved Inio
!he ocean on 2, 2, and 7 occasmns. respecovely. MOSI  oceamc movements were a! ntghn

and 40% WS?W  agalns!  the ilde Seven of the tagged whales did  not wmam  m Ilw lagoon
Ior  mole  fhan 2 days

I

25. Gcean Movements of Radio.lagged Gray Whales
Bruce R. Male  and James T. f+aw

Summay

Etghteen  gray dales were radio tagged using  - different subdennal  attach.

ments:  a projectile “’barnacle””  lag and an ‘“umbrella”  tag. applied al the end of a pole.
(Jmbrella  tags were easier to position than barnacle tags.  and thus had betler  antenna
~ientation.  Umbrella tags are known to have remained attached for UP 1027  months.
and signals from radio tags have been received up to 94 days aftel tagging (6680 km
fmm  the tagging site), Lcxahons  of tadio-tagged  whales  have been determined using
teceivers  on land and aboard aircraft. The average dk!ance  tcaveled  per day during the
northward migration was 85 km/day and was greater Ianher  to the rhnih. estimated at
127 km/day Ior the last 29 days. No dtllefences  were found between maximum calcu-

lated swimmtng  speeds of single adults and those 01 fema!es  Wilh calves.  Some  lagged
animals rewed both south and north from the tagging site (Laguna San Ignacio,  Baja

California SW, Mexico) 10 adjacen!  calvinglbreedmg  areas. A few lingered around
Laguna Ojo de Liebre  and 1 whale  was found apparently feeding with up to 60 other
whales in an area along the northern Baja coos!.  Future technology may well allow

collection of sensor data and Iccation  information telemetered by satellite.

Tracking manatees and evaluating their  habitats.by  satellite
Hate, Bruce, Ga len  Rathbun and James Reid

1’O n  5 February  1  85  a  West !ncfian  m a n a t e e  (Trichechus  manatus)  w a s
tagged with a 401.650 MHz transmitter, which was monitored by the Argos
( s a t e l l i t e )  O a t a  C o l l e c t i o n  Systew f o r 114 days. The radio f loated in a
cylinder and was tethered by two swivels and a 2m nylon-rod to a belt
around the manatee’s caudal  peduncle. The animal was kept in captivity for
t w o  w e e k s  a f t e r t a g g i n g  t o  CO1 lect g round  t ru th  in fo rmat ion ,  wh ich
resul ted in 46 locations.  Ninety-f ive percent of  al l  locations were within
500 m of the holding area. After release, 36 days of free-ranging activity
resulted in 91 locations of the manatee, averaging 2.53 l o c a t i o n s / d a y .

F i f t y  d a y s  a f t e r  t a g g i n g , the animal w a s  r e l o c a t e d  a n d  t h e
functioning transmitter  removed to replace the batteries.  The transmitter
was reapplied on 15 April and during the next 64 days, 117 locations were
determined (an average of 1.83 locations/day).  Up to 5 locations/day were
determined. The released manatee moved between known manatee habitats: the
Hoinosas Sa R i v e r ,  t h e  Suwannee R i v e r  a n d  t h e  Withlacoochee  R i v e r .  Ouring
t h e  l a s t two m o n t h s , the  tagged  manatee  fo raged  in an area of
approx imate ly  80 square ki lometers.  Visual sightings confirmed that the
tagged  mana tee  assoc ia ted  w i th  o ther  mana tees  and  i s  ev idence  tha t
rehabil itated animals can be successful ly re-introduced  into the wild. The
transmitter sent temperature and motion sensor data.  Temperatures were
5i9nifl Cantly  different between the day and night, suggesting differences
i n  a c t i v i t y  p a t t e r n s . Activity sensors on the transmitter were most active
when the animal moved long distances.

Ch
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AIISI’I{ACT
A fin wlmlc (flu/uenopferu  fshy.sulm)  wns mdio  tnggc?d  155 km smnhwest  of Iccbmd  and  unckcd

continuously for 9’/1 dnys,  25 June [o 5 July, 19s1. II wavcllccl  more [ban  17(SJ km and  pwstxi  within
110 km of Grccnkmcf.  Dclailcd  amdysis  of surfacing pattcms,  swimming sptxds,  aswciatiun  with
cxbcr wbtdcs,  tind  did  bchavimmd  chqpx were mode  possible by the rodio  tng  signols,  which were
lransmilltxf  whtm the whale  surfaced. The whulc  fcd  on krill  off lccland  mld schooled fish off
Greenland, Thc  average interval between surfacings was 1.98 min including the shmtwwd  intervals
in clmstcrcd  blowing. Tbc average spcwxf over the entire track wfis 7.4 km/hr.  ‘tlwre were  did
changes  in acliwly  in spite of less  than  total  durkmxs  m mght.  ‘llIc ta~cd  whale’s cnnsmg  of the
lrmingcr  Sea, often in close association  WI III cons  fwcifics,  is the  first  direct  pruof  of an CUS1-WCSI
movement of a fin wbalc  between  hxkmd and East -Chxnkmd.  and an additional moof of mixin~  of
WIIAS  betw.x!n  the two ;wcas

INTRODUCHON

A fin whale (Balaenopwa  physalus)  utg-
ged with rwfiu trarrsmittcrs  was tracked
from near [ccland [o Greenland waters frtnn
25 .Jurre to 5 July 1980. Details of the pre-
paration for this open-sea radio  tagging ex-

periment  a n d  a  p r e l i m i n a r y  f i e l d  report

were given  by Watkins (1981a, 1981c).

During the past 20 yeisrs the distributing

i and movements of the fin whale population
harvested west of Iceland  has been studied
by Discovery-marking (J&rsson 1965; Jorrs-
g5rd and C h r i s t e n s e n  1968; Riivik et al,
1976; Brown  1979; Sigurj6nssun  1983). FiII
wha]cs  m:irkcd  off western Iceland have
been  recovcrcd  in the same area where they

were marked. Three fin whales marked off
East-Greenland in 196fJ (Rorvik et al. 1976;
Brown 1979)  and one in 1973 (unpublished
dssta),  all recovered on the whaling grounds
of Iceland, indicate some mixing of fin
whales across the Imringcr  Sea. A recent
analysis  (Sigurjonsson  and Gunnlaugsson,
in press) has shown that there dries not ap-
pear to bc a free mixing of whales  between
the two areas, although the fin WMC popu-
lation in the Irminger  Sca has been conside-
red a single stock for mmragcmen(  purposes
(lWC 1977). The general ~imierstanding,
supported by short-term mark recnvcrics
(Rbrvik  et d. 1976; Sigurj6nsson 1983) wirs,
however, that fin whales hisrvestcd west of

‘ )  W<uadh  ti,dc  Occant,fyapluc lw,tllutmn. Wotnh Ilolc. M:ImnclIu..ctI\  02543  ‘ )  Mannc Rcscwch  Instihm-’,
I{cyklfivik,  hxkmd. ‘) l>qmrtmcm  of Urological S.,....s, Purdue  lJnivcrxily,  fort  Woyne,  Indimn 40X(15.
‘) I luldI\-Sca  W(W Rcw.rch  Imtltulc.  San  Di.go,  Cdifor. i;,  92 I(M.
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Icclami rcnuiin  wilhin Ilw wluiling arm (ap-
proximately fr2° 30’ to 6ti”N,  24°10 30°W)
for snnw weeks at Iwrsl. Consequently, IIIL
logistics nt o u r  rirdit) Iracking  cxpcrimcnt
were phtnneci 10 t’ollow tagged  whales  in the
whaling area a n d  tu gdmr infurmatirm
about movements, distribution, and  bebis-
viorsr  of Ihe  “lcelimdic”  fin wholes.

Ihc whale  wits ttiggccl  and tracked wid]

the  W HOI/OA  R (Woods Hole Occmrugra-

pbic lnslitutinn, Woods Hole, tviassachu-
sctts, and Ocean Applied Research  Corpo-
ration. San Diego. California) mfio tag de-
signed for remote implantation at sea on
large unrestrained whales (Watkins et al.
1980). previous tests of the tag during deve-
lopment had been conducted on fin whales
in relatively protected waters in the Gulf of
St. Lawrence (Ray et al. 1978) and in
Alaska (NMFS 1977; Watkins et al. 1981).
These and previous tests on humpback
whales (Megaptera novueotlgfiae)  a n d
Brycfe’s whales (Bulue!lop(eru  edetli)  de-
monstrated that the radio tags were well to-
Icriited,  and that the behaviour  of tagged
whales appeared to he normal (Watkins
1981 b).

METHODS

Four fin whales were tagged to test the
radio tagging system in the open ocean, and
the last of these was retagged and tracked
continuously as long as logistics permitted.
The 46-m Icelandic whaling vessel, Hvalur
6, was  used to approach the whales for tag-
ging, and a 40.5-m Icelandic capelin fishing
vessel, .Ljtis~ari, was used for (racking. The
Icelandic whaling company Hvalur, Ltd.,
and the Marine Research Institute, Reykja-
vik, participated directly in the tagging and
tracking activities.

The radio tags were 29 cm Inrsg and 1.9
cm in diameter (Watkins et al. 1980) with a
point developed for blubber penetration
(Watkins 1979). Folding tugglcs  and “hula
skirt”’ prujectiorss (Watkins ct al. 1979).

were used to insure retention after penetra-
tion.  The tags were disinfected with hwlzal-
tmnium (zepbimn)  chloride and then fired
frum shuulder  guns. The tags were imptan-
ecl at an mrgle with only the flexible itntmma
(45 cm long and 0.9 cm in diameter at the
base) protruding from the whale’s skin. The
tags on the double-tagged whale had sepa-
rate radio frequencies (27.420 and 27.520
MHz).  Signals were transmitted only when
the tag antennas were out of water (twu 50
mscc pulses per sec tit 2(M)  mwatts).  Each tug

ulso curried an external culoured  plast ic

stremncr (5x6O cm) tu facilitate visual re-
cognition (NMFS  1977).

Iceland time was used during the tracking
and the analyses. This was approximately
two hours ahedd  of local sun time.

Tracking of the two radio signals was
achieved by means of separate automatic dF
rection-finding receivers (OAR) with an-
tenna mounted on the forward mast of the
~jbs~uri.  Direction for each signal was indi-
cated accurately, but because of the whale’s
variable surfacing behaviour and orientation
of the tag antennas, the signal levels could
not reliably indicate distance. Signal occrsr-
rence was recorded on a timed strip chart.
To avoid chasing or disturbing the whale,
the tracking vessel travelled on a parallel
course rather than following behind, usually
keeping the whale at a 45” angle on either
side of the bow, at a distance of 1 to 5 km.
Close approaches were attempted daily at “
different times for observation and photo-
graphy of bebaviour  and the implant sites.
F(gure 1 indicates the track of the vessel ,,
from Loran C p&itions  (usually taken hour-
ly). Although this track generally minimized
the actual swimming distance and smoothed
small-sede excursions by the whale, some-
times the ship also may have outrun the
whitle,  Overall the Loran track  closely mat-
ched the whale’s track.

Travel  speeds were  calculated from the
Loran positions, and represent averages.
Distances were mmssured  in nautical miles

3

from the charted positiurrs.  The shnrt-term
deviations in the track MUI consequent vari-
ations in speed were averaged over longer
periods. During a portion of the track, the
ship’s speed was limited to about 8 knots by
engine problems, so it was sometimes diffi-
cult to keep up with the whale. The whale’s
track, therefore, was less accurately repre-
sented during periods of mpid movements,
such as during the feeding and social activity
of the last parts of the track, but it was prob-
ably well represented during the relatively
constant-speed travel of the passage across
the lrminger Sea.

Results are given in three ways: Table 1
lists daily positions, activities, approximate
distances, and average speeds of the track;
Figure 1 plots the ship’s Loran C positions,
beginning at the implantation of the first
tag, at 2200 hrs on 25 June 4980, and ending
at 0610 hrs on 5 July; and the narrative gives
behavioral details, particularly of the be-
ginning period of the track to show that the
tag, did not appear to affect the animaf’s
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activities. Times in the narrative are ap-
proximate.

Assessments of the whales’ activities were
based on our combined experience observ-
ing finbacks (ScheviO  et al. 1964; Ray et al.
1978; Watkins and Schevitl 1979; Watkins
1981b,  1981c;  Watkins et al. 1981). “Clus-
tered” and “single” blowing were distinctive
respiratory behaviors, demonstmted  by
the radio signal patterns. “Social” beha-
viour included periods when fin whales  in
close association surFaced slowly together,
repeatedly, with no apparant feeding or
other activity. Social activity sometimes in-
cluded rolling onto the side and consider-
able non-feeding, near-surface commotion.

RESULTS

The 21-m fin whale, nick-named Kristjin
(“K’), was radio tagged at 2200 hrs on 25
June 1980, at 63° 19’N, 2Y 49’W, about 83
naut. miles (155 km) southwest of Iceland
(Fig. 1). The signals from K were tracked
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min. Sigmds were received from the forward
tag 81 each  bluw  but mdy occasionally from
the fin Iag.

27 June. Between 0130 and 14(N) hrs the
four whales swam near the surface on a rela-
tively straight, westerly course, blowing
once or twice every 1 to 3 rein, with few
signats from the fin tag (onty one signal be-
tween 0701 and 134 t hrs). The weather de-
teriorated and seas increased in height to
about 5 m, but the rad(o  signals continued to
allow reliabte  tracking.

K appeared to be alone and traveling
such a straight course that we wondered if it
were reacting to the vesset.  To test thk,  the
ship changed sides several times and crossed
in front of the whale. There was no reaction
to changes in ship’s position, speed, or sharp
turns (which create loud cavitation noise)
urdess the whale was within about XXI  m;
then K increased its submergence time to
avoid the ship, sometimes diving to pass
underneath. We had wanted to remain close
to Iceland to test the tags and the tracking
procedures conveniently near the base of
operations (Watkins 198 la), and we woutd
have been happy to find that K could be
turned. However, throughout the morning
K maintained a 5 knot speed and a westerty
course.

At 1530 hrs K began longer submergence
of 4 to 6 min with clustered btows.  It was
with another fin whale, and both maintained
a westerly course. By 2300 hrs the whales’
respiration pattern was one or two blows at
intervals of 1 to 3 min as they swam near the
surface.
28 June. At 0430 hrs the tag signal pat-

terns showed lengthening dives with chrster-
ed blows. By 09(H3 hrs the submergence
were 6 min or longer, and K was with two
other (different) fin whales, and they con-
tinued to swim towards the west. For a short
period around noon the swimming speed
dropped and the direction varied. Other fin
whales were seen at a distance in the after-
noon as K resumed heading west with its

companions. During the night, blows were
mustly  clustered in groups of three to five
but at sbortcned  intervals of 2 to 4 min.

29 June. Travet speed was less thdn 1 knot
from midnight to 0300 hrs. Swimming slowly
with one companion, at 0400 hrs K.passed
within 10 m of the tracking vessel, blowing
several times without lifting either tag out of
water (no radio signals). The whales turned
gradually toward the northwest as they re-
sumed their travel. We were able to obsewe
clearly both tag sites at 1100 hrs and saw
that they appeared unchanged, with no sign
of tissue swetiing. K was involved in social
activities at 2000 hrs with two other fin
whales, splashing and rolling. One remained
belly-up at the surface for 15 see, and
another (not K) breached three times, after
which the whales resumed traveling
together. Many blows were not visible, and
with little of the backs showing above water,
it was ordy the radio signals that allowed the
whales to be located and tracked.

30 June.  After a night of mostly short (1
to 4 rein) dives with periods of both chrster-
ed blowing and of one or two blows per
series, at 0500 hrs the submergence times
lengthened. Throughout the remainder of
the day the signals indicated steady move-
ment to the west. The weather deteriorated
and seas increased so that we did not at-
tempt a close approach. The whale was
moving relatively slowly (3 knots), but the
track (Fig. 1) indicates a higher speed, pos-
sibly due to the influence of the Irnringer
Current. By 2000 hrs K had passed onto the
East Greenland shelf and was at the edge of
the strong, southerly flowing East Green-
land Current. For the remainder of the track
the whales passed back and forth across the
meandering current boundary which was
visibly distinct, and at which fluctuations of
as much as 4°C occurred in surface water
temperature.

/ Ju/y. At 0310 hrs K shifted behaviour
and began long series of clustered blows
with dive sequences of up to 16 min. There

1,
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were a number of fin whales in the area and
K changed, partners. Apparent social acti-
vity occurred periodically throughout the
day. We also observed near-surface activity
recognized as typical of fin whales feeding
on schooled fish (rapid lunges, quick turns
with the whale on its side, surfacing with
mouth ajar and water pouring through the
sides of baleen). This was very different
from the steady, slow feeding passes
through patches of kritl observed earlier.
The ship’s crew were Icelandic capefin
fishermen and their analysis of echo-
sounder and sonar displays indicated an
abundance of schooled capelisr-fike  fish
along the boundary of the East Greenland
Current. Feeding and social activity were
followed by a period in which K appeared to
be alone and resting. Then in company with
5–6 other whates, K was actively sociat
again. The whales fed for short periods (20
rein) at a time.

2 Jufy. The night (although fight enough
to see well above water) continued to be a
time of relatively reduced activity: shorter
submergence, blows sometimes without
radio signals, and slower swimming with
other whales near the surface. K changed
companions during the night. Dive times
lengthened beginning at WOO hrs. Social ac-
tivity and apparent feeding on fish near the
surface occurred throughout the day with
submergence up to t6 min. For a short
period K was alone and difficult to approach
closely, and then was joined by 4 or 5 fin
whales. These whates remained active
throughout the night (2 –3 July), in contrast
to the relative inactivity of previous nights.

3 July. Tbe number of fin whales in
groups that included K varied up to seven or
eight at different times in the day. Other
whales were often visible h the distance.
The activities of tbe whales inctuded vari-
able periods of swimming close to the sur-
face, social activity, periods of longer sub-
mergence.  and feeding on schooled fish
(sometimes visible from dw surface). The

whales crossed and recrossed the memrder-
ing edges of the East Greenland Current.

4 Ju/y. At 0430 hrs the whales changed
their swimming behaviour from predomin-
antly near-surface swimming with other
whales (one or two blows at intervals of less
than 3 rein) to longer dives with clustered
blowing. At 1100 hrs K was feeding with 3
other fin whales, and submergence times
lengthened to 11 min. At 2000 hrs both
radio tags were observed closely and photo-
graphed. They were still in good position
with apparently no loosening in the tissues
or changing orientation.

S Jrdy. The activities of the whales varied
throughout the night, with both short and
longer submergenees.  By 0300 hrs K began
to move westward at 5 knots, and maintain-
ed that heading for at least the next 5 bra.
The tracking ship stopped for engine repairs
at 0610 hrs (final recorded position), while
K continued to move’ to the west. The radio
signals were monitored until 0800 hrs. Both
the forward and fin tags were still transmitt-
ing well when tracking was terminated.

TAG SIGNAL &WLYSIS

During the 9-day and 10-hr track, 6519
signals from the forward tag were recorded
and l@33 from the fin tag. Each signal was
comprised of a series of one to eight pulses
transmitted at two per see, when either or
both tag antennas were lifted out of water
during the whaIe’s  surfacing. Most respira-
tion surfacings provided two to four pulses
from the forward tag. During 24,6% of the
recorded surfacings the fin tag also transmit-
ted. Sometimes fin tag signals alone were
received, and as noted above, occasionally
K Mew without exposing either tag antenna.
A plot of 7.5-br  segment of time showing
the relationship between signals from the
forward and fin tags was given by Watkkrs
(1981c, Fig. 4).

The two respimtion  patterns (clustered
blowing and single blowing) were apparent
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I’lgurc  3. AVCI  iigc  s]gntil  mtcrwds  (drew times) of I
mm or longer  plolwd  fur each of four  6-hr  dtiily  pm-
,Id$ I]cn<,cf  A ww 2?IH)  O.W hrs.  [cchml  lIIIIC. which
ww 2 lm uft  Iocul  w“  tmc;  pcruf  B was  (MM-  l(Nffl
ht~, pcmxl  C wm I(MMJ  -1602 hrs,  utd  Ixrwd  D was
1(101)  22(K)  hm.  The I mm Intervals  m 1111s 6g.rc ex-
clude  all 01 the  Am dives hetwccn  blow>  during  chu.
wrcd  blowq.  ThL’ cfwc  mncs were  generally shorter
during pc[  Iod  A, the  d,u  kcst  period. and  they were on
tlw  average  I<mg.r  durwg  tlw Inghux  pcnod.  C.

in anatyscs  nf [he radio  sigmds.  During chls-

tcrcd blowing there were 3 10 12 blows less

than  I min ~ipart (usu;illy 2 to 4 blows  pcr

m in), occurring after submergcnccs longer
[ban 3 min. The average surfacing interwrl
during clustered hlnwing  was ().48 min.
Lorrgcr  dives were generally fcrllowcd  by
mnrc  ldows.  As an exumplc  of clustered
blowing, (m 1 July during 2 hrs and 58 rein,
[here were 17 dives  of 5 to 12 min (averirging
8 min 18 SCC)  with 13-I blows in clusters aver.

;iging  .3,4 bk)ws per min during [hc blow se-

qucnccs  and I  .33 MO W S  pcr min  OVCr  the

3-hr pcI  itd of  diving and cluslcrcd Mowing.
‘1’fwrc  were 13.3 signals  frnm the forw~rd t~g
and 40 trom  flw  fin t;ig.

Sil]gle  hh)wing  (s(mwlimcs  two  t~k)ws)

I[)llowcd  sh{)l  t sul)mcrgcnccs of 1 to 3 m i n
\vhc,  n the wl]alc :Ipp; lrctltly  r’. muincd ne;ir
[he  surlacc,  iind stmlclinlcs  {wcurrccl  twcr

ex(cndcd pcriwts  ( 10 hrs (m ’27 June.  fr(ml

03.1(} II)  134( I hi-s). Single Mows were often

more dit’ficult  ft) SW;  the cxhukition  wus Icss
visihlc  in ifir, :md occurring singly they did
not at; rtict 0s much a(terrtinn as did cl frstcr-

cd Mows.  l)ur]ng  single Mows rmfio signals
were  uslmlly  lrunsmit (cd (rely by the for-
wtird tag.

Submergcncc  times indicauxf  by [kc intcr-
v:ils between signals were amdyscd  in three
wuys (f-’igs.  3, 4 and 5) to relate dive [imes 10
dally rnutincs. Signal intewals  from hnth
lugs were avertigcd nvcr  f(mr 6-hr periods,
beginning after the implanta[inn of the frrr-
ward Iag, The times on the Figures were  two
hours ahead uf local sun time in the Irmin-
ger Sea so that pcrirxf  A al 220fJ 10040f) hrs
was the darkest pcrimf,  although never

totally &rrk  in midsrsmmcr  at these  Iatitudcs.
Signal  intewals  nf i min or Imsger  were

analyzed in Figure 3. This only cxcludcd  the
shnrtcst submergcnccs,  such as during CIUS.
tered blowing. Without clustered blowing,
the average  signal  intcwal (dive [imc)  dur-
ing all periods WM 4.42 min during the first
half of the trrrck (2fJ–3fJ  June) which includ-
ed feeding on krili near the surfnce  and the
trtivcl acrnss the  frmingcr  SW. During {he
second  half ( 1 –5 July) which included more

“>c_  r!”, ~,l-,. -,
,!,?4,  “ ‘“ ‘“ ,!,.  ? ‘ “ ‘

f’lgulc  ‘J Illcllt,,l,l)tr  <) f,,gt)i,l,(,lc,  val, ,)l I [,, .3”,,,,
,luImIIm  arc pl,,lml  m the .  f<,  ur (, hr ‘Imly pcn<xls.
‘I IIL’.C  .Il,,,lcrdlvc,,  m,llc<,ttl,g -wlglc’  I,14,*,,I,!I>CIKI.
,,, ),,,,  <) C(,, ,,, XI ,,,,  ).1  !)II< .,, (I,,,,,,g  IIlc, lwl.  ,), r,, )d A, ,,,
y)ltu  (11 Lllllci.m  cc. 111  w’lllvlly  ‘1,,,  ,,,,!  ,1,. ,,,(, 1,.1,,,  ,,1
lIIC  l(<,’h

>.,

Iagurc  5  The IIUIIIIW,  O( s.ugn;tl  mtcrval,  6 mm or
longer  US rclmcd 10 the four h-hr  d;iily  pen<) d,. ‘Ilw long

4 Jl%cs  occurm!d  Icusl  during  the Jurk period  A .n<l mmt
06c!n m pcrm’t  B. wlwhmay hc rclmcdt,]mrly  nlorn-
Ing  &JI,lg. altl,<,ugll  whc,lco(t\tdcrl{\g  all<ftves,,vcr  I
mm (Fig.  .3) ajvcragc  dwe  Iuuc, were fonger  d.nng
,Krl,)d c,

lung dives trnd tccding cm sclmolcd  fish
along the bmrndary  of the East Greenland
Current, the average dive time wus 5.27
min. over the entire track the dive times

avcragtxf4.  f15 min. Inchdin gallsuhmergmr.
ces during clustered blowing, the average
sigmrl  intewal was 1.87  min during the first
half of the track msd 2.(I9 min during [he sc-
condhalf, with rmovcridlavtmrgcof  1.98  rein,

[:orcacll  l]alfoftllctr?lck,  thc6-hr overa-

ges~fdive  (imes  longer  than  lnlin(Fig.3)
were gcnertrlly  sboricrdurin  gperiod A, the
darkest pcriocl,  thmr during the other per-
iods.  Dive times of 1 to 3 min duration,

1
which generally indicated single blowing be-
huviour,  were unirlyxxt  (Fig,  4) and SIIOWCXI

\
(he  wtmc diel emphasis with more of  thcw

short dives on [he average during the dark
period  A. fn confrast,  d i v e  times  longer
than 6min( Fig. 5)occurrcd lcastfrc<111cntly
during period  A, hut occurred most often
during the early mnrning pcrmrf  B. llow-
cvcr, when considcrirsg  all dives grcatcl-
than 1 min (Fig. 3), fhe totot ;ivcragc  dives
wcrcconsistcntiy  kmgcrhyub[m[  I mind ur  -
ing the mid-duy  period C,

‘1’hc  t)cc;in cumcnts cnc[mntcrcd  tikmg (I1c
truck nuiy have  had  sigrli(lciinl  cffccls  [m

9

t r a v e l  dislanccs  and cdculatcd qwcds
(’1’tiblc  l),  siilcca  nt~rthcrly drift oflk(lt)t<)r
inure wasindi~!tcd  by thcsl}il>’s  drift iiltl~c
frminger current, mld the ship wos found to

drifl at a spccdof  lrlt)re  than 2kllt]lstt)tlle
southwest in the East Greenkmd  Currcnf.
The high rtrteof tmvclon  I Julyo(  13x.3
narrt.  miles (255.1 km) was inffucncccf  by
the whtIle’s  positinn in the East C!rcenland
Currcnt(Fig.  1).

The ship’s speed during [he truck,  calcul;l-
tcd from hourly Lorsrn  C pnsitirms,  ranged
from fl.13to  12knofs.  Llecausc thelracking
ship had to compensate for unamicip,ued
changes in the whaic’s  speed msd direction

of movement, averages over several hnurs
were mom rcpresentzstivc  of the whale’s
speed (Tables 1-2). Duilyaverages  of3,5to
6.5know  arcgivcn  in Table 1. KwasulwrIys
moving; even during resting periods there
was some swimming. The average speed
over the entire track (900 naut. miles over
224 hrs) was4  knots. kfighcst  speeds occur-
red during period B, averaging 5.2 knots
over the  whole track, 4.4 knots during the
first half of the track while K wtts feeding mr
krill and travclling,  and 6.2 knots during the
second half while feeding on schooled fish
and sociidizing. The slowest overall avertrgc
speed of 3.8 knots Occurred during period
A, with a low of 2.9 knots during period A
in the first half of the track.

DISCUSSION

The WI IOI/OAR  radio tagging system
workerf well. Although the fin whales renc-
tcd to the maneuvering of the tagging vcs-
SCI, neither the impkrntatirmof  tlw tagsnnr
their prcscncc  appeared to affect the beha-
virmr of the tagged whtrle  and its communi-
ons. This is consistent with our previous
radin tagging  experience imd with conven-
tional Discovery marking, Ilsc WIMICS’
startle rcactiuns to missed tags und  marks
that  strike the wtitcr  has alsn hem consistent
(Iluud  1954;  Watkins 19f31h).

I m
m
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[My 2W’Mr  (midnighl)  posifiws of dle  tracking vrsxei  ure  Iiskd.  Tt!e  ship was u$mdly  within  2.5
mud,  milm  (S km) of the  IUKWI  wlwlt’.  7tu! predon,itmtu  observed  uclivi{y  i< gi.ett,  uttd  (he  wu Id
di.iawr’e.  direction uud avcrafie  24.hr  sDzed is cu/cu/oIeIJ  from Ibe  oositiom.  Nuulicfd  miles were. .

used  ill  measuring from the charted  posiiions.

1980-Du(e
Ship’s pwi!ion

Trovel distance Speed
(ending N. Lu1. W. Long, Whale’s activity and direction (average
2400 Itrs) (naui.  miles) knots)

25 June  63” 19’ 25”49’ 2200 hrs – 1S1  lag
— . . .  . . . , 6Y 19’ 26”03’ feeding on krill

26 — 63” 13’ 26”02’ 1245 hrs - 2mt rag
— 62”37’ 25”46’ feeding and  traveling

2 7  —  ,,.,..,.  62” OtJ’ 29”11’ lravelting
28 — 62”16 32”01’ —
29 —  ,.  ..,.,,  63”345 33”56’ —
30 — 64” 33’ 37”11’ —
Ihdy 63” 38’ 37”29’ feeding on fish, social
2 — 63” 33’ 37.34$  — . – –

3 — 63”53< 36-47, — _ – —

4 — . . . . . 64” 13’ 35”52’ xxial

a4.9 - s
110.9 – w
91.4- w

100.1 – NW
114.9- NW
138.3- S
79.9 – SE, NW
70.3- NE

104.4 – E

3.5
4,6
3.8
4.2
5.0
6.0
3.6
3.5
4.3

5 — 6#07’ 36”  S9’ L feeding on fish, social 18.0 – N, NE 3,6

‘) Position at 0610 hours.  Tracking tenninawd  at 08C4J hours.

Although the radio signals from the tags
on K allowed good tracking even in periods
of low visibilit~  and rough ~eather,  accurate
assessments of the relative signal direction
was required to maintain contact. Rapid
changes in speed, meandering courses, and
abruptly Iengrhened submergence that
were typical of K’s behaviour,  made track-
ing demanding.

Long periods without signals from the fin
tag emphasized the importance of proper
tag placement for consistent tracking. If we
had relied only on signals from the fin tag,
with silent periods of up to 2’/1 hrs, the
whale could have moved 40 km or more dur-
ing that time. If the whale reversed course
(as it snmetimes  did), the distance frum h
would have doubled, and tracking would

have been impossible. The forward tag prn-
virfed signals during most blows, at intervals
of usually less than 15 min. during which
time the whale  was within a manageable
tracking distance of irbout 2 naut. miles.

Dtrring  short submergence K’s dives
were probably shallow because the length of
time wotdd not have allowed it to go deeper.
Longer dives could have been deep, but our
previous observations of fin whale activity
have associated most long dives with parti-
cular activities such as subsurface feeding
(Watkins 1981c). This was noted also by re-
cent sonar tracking of fin and humpback
whales (Watkins and Goebel,  1984) where
both short and long dives were to about the
same depths.

The frequency of long dives shown in Fig.
5 is worth noting here, since there appears
to be a lower frequency of long dives during
period A (night) than during each of the
periods B and D (morning and evening).
(Wilcoxon’s  two-sample test gives p<O. 1
when A and B are compared, and p@.2  for
A and D). Nemoto ( 1957, 1959) observed
increased stomach contents in North Pacific
fin whales caught during morning and even-
ing hours. He remarked that this tendency

I

might be attributed partly to the clear diur-
na[migrations of the’ znoplankton  as prey of
the whale. &/eg~//lycri/~/la/~es  mmvgicu,  the
most common ‘euphausiid  species ~aken by
fin whales caught west of Iceland (Rorvik et
al. 1976: Lockver  and Brown 1978). tzener-
ally occurs at O– 100 m depth duri’ng-night
and at 10fWtW  m depth during day
(Mauchiine 1980). In general capelin (Mrd-
lrmrs ui//rrsus)  show similar diurnal vertical
movements and are most commonly found
at 0– 100 m during night and at 200-300 m
during daylight hours, although deviations
from this may occur in summer (V1lhjilms-
son, pers. comm.). It therefore appears that
the most active feeding period of the fin
whale is linked to the period when enough
food is in the upper layer (not necessarily
the greatest abundance) and some  visual
cues occur simultaneously, i.e. right after
sunrise before the prey moves down, and
during the upward movement of the prey in
the evening. Thus Ks long-dive rhythm,
especially in the morning but also in the
evening, may be related to more active sub-
surface feeding at these times. The same ap-

plies to the fast swimming belrwinur  (see
Table 2), particularly during period B when
the whale was actively feeding on schonled
fish. It may be added that if the long dives

denote active feeding as proposed, then K
and his companions rmy have fed some dur-
ing the passage across the Irminger  Sea.

The diel differences in dive times match
our previous radio-tagging results in which
fin whales, humpbacks, and Bryde’s  whales
made shorter dives at night, apparently rest-
ing and moving n,ear  the surface (Watkins et
al. 1979; Watkins et al. 1981). [t was interes-
ting that there were these night-time speed
and dive differences in the Irminger Sea al-
though the sky was never really dark. The
lack of darkness may account for the contin-
uing activity during some nights and less
marked diel  differences. Although the diffe-
rences were small, the lowest average
speeds” were generally at night, as was the
greatest number of short dive sequences
with single blows. With increasing morning
light, the whales generally became more
active, speeds increased, blows were chrster-
ed, and- dives lengthened. Although

TABLE 2

A veroge  speeds (in knof.s)  eve,  6-hrperiods,  calculated from the  ship’s positions. Although the
differences were smnll,  Ihe  lowesr  (period A) ogreed  with  diel  differences in aclivity  mfrected  by
dive limes. Note the differences between averoges for the @ half (feeding o“ krill a“d

wavelling)  and the second hulf  (feeding on foh  and socializing).

22cWWM  hrs O’KZLICMM JOOO-16@ 160&22m
A B c D

25/26 June . . . . . . . . . . . . . . . 2.5 2.1 4,2 4.3
27 — . . . . . . . . . . . . . . 4.0 7.5 4.1 4.t
28 — . . . . 2. t 3.4 4.s 3.7
29 — . . . . . . . . . . . . . . . 2.5 4 . 9 3.8 5.4
30 — . . . . . . . . . . . . . . . 3.0 4. t 5.1 6.8
Track’s 1st half  average 2,9 4.4 4.4 4.9
lJuly  . 6.8 6,5 5.5 4.0
2 — . . . . . . . . . . . . . . . . . 6.2 5.5 3.4 2.5
3 — . . . . . . . . . . . . . . . 3.3 6.7 2.7 2.2
4 — . . 5.2 6.0 2.3 3.9
5 — . 2.8
Track’s2ml  half  avemge ,. 4,9 6.2 3.5 3. I
A v e r a g e  ovcraO 3,8 5.2 4.0 4.1
—

the
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hlntys( dlvcs  {wcuricd  during pcii,d  11, the
twcrall LIIvc Imw  live.rages were kmgcr  in
pcrit)d (‘ ill~liciitillg c<msislcnlly  more acll-
vily during  d;iylighl.

Sudden  shills  in K’s  acilvily fr{ml  cluMcl-

cd  blowing I(J single  blowing WCIC mMJc  ob-
vi{~us by Ihc rwlit) [racking. A surfacing bc-
Iuivi<ml clumwlcri/c,d by rcmJily  visilllc
bk)ws, (Illcn :il ralcs of 2 104 per min and
Iugh round-ouls,  COUICJ  suddcniy  clusngc  m
Iwlmviour  [hat  wus poorly visible, with Iainl
I>h)ws  1 [{) 3 min irpurt wi[h up to [1,5  km (W
10 km/hr)  Iw[wecn  surt;!cing  am! very IiIllc

01 Ihc body showing.  “1’hcw  hchaviourd
shifts may explain why fin whidcs  nflcn
seem Iu suddenly  diwrppear  or irppctrr  in W1

a r e a
T h e  viiria[ions  in Iwhavmur [hroughout

the cfiffcrcnt  scgmcn[s l)f the tmck  were
interesting. K changed from lccdmg with
cumptsniorrs  on an abundws(  supply of krili,
truvelicd f o r  ftmr days  with  a varicly o f
other fin wh:ilcs,  then tigain  fed nn schooled

fish wrd was in socIaI  coniiict  w i t h  m o r e
ccrmponicms. The mohvation  for such truvel
may have  been cJLIc  [0 swiai factors rulbcr
than fnmf isbundxncc  or prcfcrcncc,  K is Ihe
first proof uf cast-west movcmcnl  of a fin
whtstc in the Irmirrger  Sca isncf an acfcfi! innal
indication of mixing  of  fin WIUIICS  bclwccn

Iceland and  East-Grcwnland  waters. fJtIth K
an(f  onc  nf the l>isct~vcry-l~l:irkcll  fin whales

off Eas[.Greenlisnd,  that was captured oft

Iceland only one week  after marking (Jons-
g?rrd  and  Chns[cnscn  1968), show that  mix-
i ng  may  lust as wcil  Iakc place  by quick  pas-

sages ircrtm IIw Irmingcr SCti as by gIaIJual

movement throughout the  WISOII.
Radio  [rticking  is a promising nleims  fur

slmlying IIIC II1 O V C I I I C I I[ S  and  Iociii  idcntl(y

I)( whalc~  as cvcll  m cn; d)lIng  :iccumlc,  dc -

tmlccf  mscwmcnls of bchavit>ur.  Visual
dcntllicalions  even of lIw most ctisily i&n-
Ii fi;ildc cctacc:in>  (as (or humpbxks. we
Ka!uno C[ al. 1979) do II(N  priwidc  Ihc con-

tinuous  uncqulv(w;Il  idcnlifica[itm\  nc<,dcd

for mt)lli[(lrinq  wha]c  fic[ivity.  ‘1’IIc  rmtio  tag 1

alli)wcd  omlidcn( [riwking [wcr kmg pcr-
i(ds mu.1  provided p o s i t i v e  iillt)l iniitl{m
OIX)U1 cttch surlacing. “1’hc ability h) main-
krin conluc[ tincf cxmtlnuc tu oblain uccuratc
dcmits  o f  Ihc whale”s  hclmvmur  was nol
confined jus[ It) close observations irmf
limes of g(mf visihilily,  hut t h e  s:unc ill-
formation was ubttilnfihlc  when the t;iggcd
whale could noI he seen at a distance, in
rtmgh  was, ond during pcriuds uf Iuw vM-
hility. In adcfilion  to surf;icing  information,

telemetry  of cnvironmcntul  and  physitdt)gi-
cirl parwrw[ers could  nlso be easily addccf to
Ihc rtidio  Iwdcons tu p rov ide  much murc

cnmplctc picmrcs of whtilc uctivi(ics.  fhr
cont inuing dcvclopmcnt  0( more thsn  20
yeirrs  (Sctlevili  and W a t k i n s  1960)  has prn-
vidmf  IICW  information srbout  whales with
each tagging cxpcrimcn(.  This Icckmd  to
(;rccnkrnd track nf an open  sea f in whdlc
was e s p e c i a l l y  procfuclivc,  the [r;ick  a n d

continuous behiiviouriti  data  could  not have

bcwn  ob[isined  except by radiu tagging.

C O N C L U S I O N S

1) The finwl]alc  ”’K’’wu~I]{)t  l]t)tllcrcdby
[he tug.

2) Tagged and nun-! aggcd (in whales be-
haved simlkidy.

3) The wl]ale’s tllovctllclltsw  ere])ot”  inffu-
cncccf  hy the tracking ship.

4) Kwirsdifficult  touppro~c  hwhcnalnnc.
5) Fin whiiic  associations were fluid,  with

much changing of compisniocrs.
6) S[)ci:il activilv  lrl:*vl]:ivc  tJccn~il>riIll:]rv

7)

x)

9)

())

., ,.
interest: K stuppcd  feeding, travclling,
and resting to intcrtict  with other WIMIM.
Dici changes in activity (spmxf and
durtilion ofdivcs)  occurred in spite  nf
ICSS (ban til[iil(l;!rklless:it  night.
Feeding methods vdricd  with clmngcs  in
plw y
Fin whalcsa(sca  Wcrcoftclldifficl!ll  10
sec. cspcciirlly  cfuring,  wnglc  hk)winghc-
hdvi{]urs,
“1’lw nlixing  oi  f’In  wI141cs  ucross the Ir-

mingcr SCa nluy ttikc plucc by quick
passages Ilctwccll Easl-(;llx!nlulld  iilld

Icclirnd,  as WCII  os b y  graduid  m{wc-
mcn[  thr(nrghout  the  scas{m,
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AffS’f’RACl’

The Channel Islands National Marine Sanctuary (CINMS) is a tract

of ocean, about 1,252 rim’, encompassing the waters within 6 nm of San

Miguel, Santa Rosa, Santa Cruz, and Anacapa Islands, running east and

west, and Santa fhrbara  Island to the south. This island system is

uniquely positioned in the Southern California Bight, being the firat

islanda south of Point Conception where the mainland coast turns east

toward Santa Barbara. From January 18 to February 4, 1986, s pilOt

study was conducted in the CINMS with the overall gosl of producing

baseline information on gray whales (Eschrichtius robustus) during the

peak period of their southward migration; two techniques, aerial surveys

and radiotelemetry, were employed.

Strip-surveys were flown to determine the abundance, distribution,

behavior, and resource use of gray whalea throughout the CINMS. For

strip-surveys, two replicates were flown of a systematic grid of north-

south transects spaced 4 nm apart. On each replicate, requiring 6-hrs

to complete, we surveyed 265.46 nm’ of water, an estimated 25% of the

surface area of the sanctuary. Survey 1 (on January 20 and 21) produced

32 sightings totaling 67 whalea and 8 calvea, Survey 2 (on January 21,

24, and 25) produced 23 sightings totaling 61 whales and 9 calves, and

the average count was 64 whales and 8.5 cslves. Based on these data,

the ratio of means estimator (modified) yielded a population estimate

(corrected for submerged whales) of 676 *SD 206 whalea in the CINMS

during Survey 1, and 613 ~ SD 211 whales during Survey 2, with a mean

est imatc of 643 ~ SD 173 whales (95% C.I.

identifiable as calves of the season comprised

583, 703). Animals clearly

13.3% of all grays seen

m
u)
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during strip-surveys. The abundance of calves (uncorrected) was estima-

ted at 32 ~ SD 15 for Survey 1, and 36 ~ SD 15 for Survey 2, with a mean

estimate of 34 ~ SD 11 calves (95% C.I. 30, 38).

A near-shore aerial survey (100% coverage) was flown on January 20

and 24 to  document  the numbers ,  dis t r ibut ion,  and behavior  of  whalas

within 0.75 nm of the sanctuary islands. Twenty-nine sightings totaling

58 whales and 2 calves were observed; an additional 22 whales and 1 calf

were sighted on connecting flights between the northern islands.

Gray whalea were observed throughout the CINMS,  but they were pri-

marily distributed within waters 3 nm or leaa from the island shores;

during strip transects, for example, 94% of the mother–calf pairs and

91% of the whales without calves were within 3 nm of shore. Although the

mean distance from shore for both groups was similar (1.53 -&SD 1.14 nm

versus 1.95 & SD 1.09 nm, respectively), mothers and calves were gener-

ally nearer to shore than were whales without calves; 82% of the mother-

calf pairs were within 2 nm of shore compared to 58% of the whales with-

out calves. ,In relation to water depth, 60% of the mother-calf pairs

were in water 30 fm (55.4 m) or less in depth, while the remaining 40%

were in waters up to 300 fm (548.6 m) deep over the Santa Cruz Canyon.

The majority of the whales without calves (86%) were in waters up to 50

fm (91.4  m) deep. Overall, there did not appear to be a strong trend for

whales to prefer a particular bottom type. Areas where whales tended to

cluster included the channels between the northern islands, particular-

ly Santa Cruz Channel, and points, reefs, and headlands including Point

Bennett, Beacon Reef, West Point, and Cavern Point. Locations where few

or no whales were seen included the south side of San Miguel Island, the

southeast side of Santa Rosa Island, the north aide of Middle and West

Anacspa  Island, and the east side of Santa Barbara Island.

I
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predominant behavior of all gray

was traveling (70% of ❑ other-calf

--J
o

whalea observed during aerial

pairs and 73% of whales with-

out calves); but mothers with calves traveled more slowly than other

whales. Overall, directional preference was southeast for whales with-

out calves (64%), east-southeaat  for mother-calf pairs (292 E, 21% SE),

and appeared related to the direction of the southward migration. Ceurt-

ahip and mating, seen for 42 animals, comprised 22% of the bahavior of

whales without calves. Resting and milling were seen for 25% of the

mothers and calves, compared to 2% of the other whales. Potential feed-

ing waa seen for 3% of whales without calves and 5% of mother whales;

aPParent feeding was observed 5 times within kelp beds and once over a

sand bottom. Group size varied from 1 to 14 animals, with most whales

without calves in pairs or groups; 22% were lone animals, 19% were in

pairs, 18% were in trios, and the remaining 41% were in groups of from

4 to 14 animals. In contraat, each of the mothers was alone with her

calf. Twenty-three instances of disruption to whalea due to the activi-

ties of commercial whale-watching boats were observed.

Radiotelemetry was used to track gray whales over 24 hour periods

to determine their day and night travel rates, inter-island migration

routes, duration of stay, local movements, and behavior in the CINMS.

Nine whales were tagged from January 21 to February 1 with a small (1.5

cm by 6 cm), implantable, capsule radio-tag applied with a crossbow.

Each whale was tagged, monitored, and tracked from a 68 ft motor-sailer

until the whale exitad from the CINMS (6 cases), or its radio signal was

lost (3 casea); locations of whales were also determined using receivers

aboard aircraft. Daytime and nighttime rates of swimming (i.e. southward
.,

migration ratea) were not significantly different. During 29.96-hrs  of—
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dayli[;ht track inR, the 9 whales traveled at a mean rate of 3.02 ~ SD

0.44 kts (5.59 ~ SD 0.81 km/hr) with a range from 2.11 to 3.65 kts;

during 25.5–hrs of nighttime tr~~king, the whrrles traveled at a mean

rate of 3.45 I SD 0.45 kts (6.39 .& SD 0.83 km/hr)  with a range of 2.99

to 4.19 kta. The overall mean durat lon of surfacings waa 2.05 ~ SD 0.73

Scc , ranging from 0.29 to 4.5 aec (n = 1,530). Short divea (< 1 min

long) comprised 46% of all dives and averaged 30.28 sec ~ SD 12.83 sec,

with a range from 3.95 to 59.84 aec (n = 702). The  mean  length  of long

dives (z 1 mi.n)  WaS 3 . 0 6  ~ S D  2 . 1 7  m i n , ranging from 1.00 to 28.08 min

(n = 828). The minimum duration of stay within the CINMS varied from 3.9

to 60.7 hrs for the 6 whales that  were monitored until their departure.

In the northern portion of the CINMS,  gray  whales migrated along  both

the inner leeward-side (north) and the outer weather–aide (south) of San

Miguel, Santa Rosa, Santa Cruz , and Anacapa  Islands; three inter-island

routes were documented for southward ❑ igrants. Finally, 6 of the 9 grays

radio-tagged from January 4 to 18, 1986 during the National Marine Mam-

mal Laboratory sponsored study near Granite Canyon, California were re-

located a total of 17 timca within the CINMS. The time from the last

detection of these whales off Central &lifornia  to the first detection

in the sanctuary ranged from 3 to 14 days. Radio signals were received

frwn these whales over 1 to 4 day periods within the CINMS.

The occurrence of other cetaceana was documented opportunistically.

‘There were 26 sightings of 4 odontocete species rrnd 15 sightings of un-

identif  ieii dolphin apecics, totaling 4,098 animala. No attempt was made

to estimate the size of these populations.

lhxmmnendutions  for future work conclude this report.
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ABSTRACT

Daytime and nighttime migration rates of gray whales (Eschrichtius
robustus) were documented to verify population estimatea based on
z shore census counts which are extrapolated to represent the
number of whales passing the census site, during entire 24 hr periods.
It has been assumed that there is no diurnal change in the rate at which
gray whales migrate past the census station. To test the hypothesis
thst the whales t day and night swimming rates were similar, nine gray
whsles were radio–tagged and tracked as they migrated south along s
70 nm portion of the central California coast from Point Piiios
(36”37.O’N, 121”55.O’W)  to Point Piedras Blancas (35”39.O’N,
121 °17.0’w).

The net rate of daytime travel for the nine radio–tagged whales
ranged from 1.91 to 4.27 kts (3.54 to 7.91 km/hr) with s mean rate of
3.23 i SD 0.70 kts (5.98 km/hr) and a 95% C.I. of 2.73-3.73 kts
(5.05-6.91 km/hr). During the night, their migration rates ranged from
2.56 to 3.91 kts (4.74 to 7.24 km/hr)  with a mean rate of 3.34 k SD 0.50
kts (6.18 km/hr) and a 95% C.I. of 2.96-3.73 kta (5.48-6.91 km/hr).
When compared as two groups, the day and night migration rates were not
significantly different (ts= 0.389, P > 0. 50), suggesting that census
estimates based on daytime shore counts need not be corrected for
nocturnal changes in ❑ igration rate. The oversll  mean ❑ igration rate
waa 3.31 * SD 0.62 kts (6.13 km/hr) with a 95% C.I. of 3.01-3.61 kts
(5 .57-6 .68 km/hr).  These migration rates are compared with previous
studies.
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INTRODUCTION

The recovery of the northeastern Pacific stock, or CalifOrnia-
Chukotka population of gray whslea (Eschrichtiua robuatua) from severe
depletion at the turn of the century has been touted as a marine
wildlife management success atory (Rice and Wolman,  1971; Jones ~ Q. ,
1984) . The trends in abundance of this population from 1967 to 1980
auggeat  that the California-chukotka  population is the only atOck Of

cetaceana that has continued to increaae  2.5% per year concurrent
~~~ an annual exploitation rate of 1.2% (Reilly, 1981). Nevertheless,
the accuracy of gray whale population estimatea and the assumptions of
the models utilized to monitor trends in the population size and
dynsmics of this species were questioned at the 1985 meeting of the
Scientific Committee of the International Whaling Commission (IWC).
Concern was expressed as to the adequacy of estimates for life history
parameter used in quantitative models used to predict rates of
population growth in gray whales, and for a greater than twofold
difference between current population estimstes from different portions
of the gray whales T range (IWC, 1986).

Estimates from shore censuses conducted during the southward
migration between 1978 and 1985 rsnge f rnm approximately 15,000 tO
18,500 animals (Breiwick et al., 1985; Herzing and Mate, 1984; Reilly,——
1981, 1984; Rugh, 1984), while the most current estimate of the number
of gray whalea wintering in Baja California from an aerial census of the
winter grounds in 1981 was 7,600 whales (Rice x U., 1983). This
difference raiaed questions concerning the interpretation Of the
apparent abundance trends for the population as well as the accuracy of
t h e  a b u n d a n c e  e s t i m a t e s  o n  w h i c h  t h e  t r e n d s  w e r e  b a s e d .  T h e  accuracy  of
the models used to analyze gray whale population trends is only as good
as the accuracy of the population estimates themselves, and with gray
whalea, the accuracy of the population estimates is a function of the
underlying assumptions used to develop the estimates from census counts,

The analysis of abundance trends for this population is of paramount
importance because it haa been proposed that the gray whale be removed
from the endangered species list, and the basis for such a decision is
the apparent recovery of the population (National Marine Fisheries
Service, pers. Comm. ). Additionally, the IWC utilizes abundance
estimetes to regulate the take of these whales, and to analyze
population trends.

Because shore based counts of whales passing the census station
during the daytime are extrapolated to account for whales pasaing during
the night, and because there is little dats to support the assumption
that gray whales migrated at the ssme rate during the night as waa
observed during the day, the extrapolation of daytime counts to account
for whales traveling past the census site at all hours was thought to be
the weakest link in the formulation of abundance estimates (Reilly,
1984). I Biases in the abundance estimates could be the result of errors
in this underlying assumption, that is, that during migration gray
whales may vary their swimming speed at night rather than maintaining a
constant rate of movement.

To investigate possible diurnal changes in swimming speed. the
National Marine Mammal Laboratory (NMML)  sponsored a radio–tagging
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program to document daytime and nighttime migration rates of gray whales
during their  southward migration along the central California coast as
the most d ircct method for verifying population estimates based on shore
censuses. This program coincided with the 1985/19~6 shOre census
conducted by the NNMI. at Granite Cenyon, California.

The overall objectives of this research were:

1. to obtain  data on gray whale day and night migration rates
to determine if significant diel variations exist, and hOw
these variations could affect the estimation of population size
from shore-based daytime counts (the null-hypothesis tested
would he that there ia no significant difference between
daytime and nighttime migration rates), and,

2. to evaluate the use of short-term VHF radio-telemetry
devices for the study of local movements and other behaviors of
large cetaceans, including but not restricted to gray whalea,
and the effectiveness of radio-tracking aa a toOl fOr marine
mammal management.

Immediately following this study, a companion project was conducted
to survey the abundance,  d is t r ibut ion , and movements of  gray whales

t h r o u g h  t h e  C h a n n e l  I s l a n d s  N a t i o n a l  M a r i n e  S a n c t u a r y  i n  t h e  S o u t h e r n

California Bight (Jones and Swartz, 1986). Nine whales were tagged and
tracked in the Sanctuary, and these findings are compared with the
results from whales tagged and tracked off the central California coast.

BACKGROUND

The Problem

At the summer 1985 meeting of the Scientific Committee of the
Internst ional Whaling Commi eaion several questions were raised

concerning current estimatee of gray whale abundance and recent
population trenda, and the techniques utilized tO formulate these
estimatea.

In their psper “An Age Structured Population Model Applied To The
Gray khale” Lankester  and Beddington (1985) stated that ff nOrmal
density dependent mechanisms are operating, the gray whale population
waa likely to be decreasing under the present catch regime, rather than
increasing at 2. 5%/yr as determined by Reilly &G. (1983). ~ey
further stated that since gray whales received protection the present
population should have attained carrying capacitY (K) rather than
continuing to i n c r e a s e unless (1) the unexploited stock suffered a
greater aboriginal take than hae been estimated, (2) K for gray whalea
mny have chanSed in the past 200 years, or (3) that the 19th century
take eat imates were much greater than calculated from historical data.
Unfortunately, there were insufficient data to resolve these queetions.
Cooke (1985) identified what he felt were “points Of uncertainty” in the
estimates for life history parameter ueed to calculate net recruitment
rates in gray whales. and stated that it waa difficult to reconcile
recently estimated population estimatea and rates of iacreaae with the
standard model of a population recovering from pest exploitation under

--
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the influence of density dependent factors. He concluded that the
p r e s e n t  gray whale population may not be increasing, and that estimates
of net recruitment rate in the gray whale do not provide a useful guide
to estimating recruitment rates in other baleen whale species.

Al though the Scientific Committee acknowledged that the present gray
whale data Lase haa ahortcominga, in light of recent observations of
gray whales in areas of the Gulf of California that they occupied prior
to their depletion by the whaling industry (Findley and Vidal,  1983; B.
Tershey, pers. corn. ; J. Urban, pers. tom. ), relatively etabla  counts of
gray whales in the breeding lagoons of Baja California during studies
over the paat aeven years (Bryant .et al 1984; Fleischer  et al 1984 ;
Jones  and Swartz,  1984),  and the =n=~~ency of  populatio~c~~~a  f r o m
t h e  M o n t e r e y  ( G r a n i t e  C a n y o n )  a h o r e  c e n s u s  pr~gran between 1967 rmd
1980, the relative abundance of gray whalea  waa thought to be indicative
o f  t h e  r e c o v e r y o f  t h e  s t o c k  f r o m  d e p l e t i o n , The Committee could not
resolve, however, whether the population wae decreasing, increasing, or
stable at this time.

Clearly an additional census and a program to obtain current data on
the number of gray whalea paaaing  shore cenau$ stationa during all houra
of the day and night were needed to verify the population estimates used
to analyze abundance trends for. the northeastern Pacific gray whale
population. Attempts to census the population in Mexican watere were
felt to be heffective because during the winter the population is
scattered over a large geographical area all of which has not been
adequately investigated, and because a cenaua  of the entire winter range
would be logistically difficult and not coat effective. In addition,
studiee of the ratea of travel between lagoona and the duration of stay
of individual whales within the breeding lagoons further suggest that at
any given time during the winter a substantial proportion of the
population may reside in areas other than the outer cosst of Baja
California and within the breeding lagmma (Jones and Swartz,  1984).

Shore based censuses during the annual migration were thought to
have the greateet  potential for eatimathrg  the population size provided
that the location of the census site was one where moat if not all of
the population waa known to paas during its migration. The Unimak Pasa
census site (Rugh, 1984) was thought to be unsuitable becauae  a recent
review  o f  t h e  l i t e r a t u r e  ( J o n e s  e t  a l , 1984) suggested that an unknown
proportion of the population do= ~t spend the summer in the Arctic,
but resides alon8 the shores of Northern California, Oregon, Washington,
Canada, and Southeast Alaska. The, the central California census site
at Granite Canyon was thought to be the best available site because most
‘f the POPulatiOn  apparently Pases thie location during the southward
migratiOn (Herzing and Mate, 1984; Reilly, 1984; Jones a“d S,wartz,
1984), and because there were LA years of counts at this site for
comparison with a census planned for the 1985-86 migration.

Population Estimatea  from Shore Censuses

The “best estimate” of the -size  of the northeastern Pacific gray
whalo population comes from the atilysis  of 15 annual shore censuses of
the southward migration conducted. firat at Yankee Point and then at
Granite Canyon, near Monterey, California from 1967 to 1986 (Reilly G
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&., 1 9 8 3 ; Breiwick  Q ~., 1985;  Br’eiwick  and Dahlhei~,  1986) .  During
the 13 years beginning in 1967, the population was estimated to increase
exponentially at 2.5% per year from approximately 11.285 whales tO
15,647 whales in 1980. More recent estimates were 18,477 whales in
1985, and 14,658 whalea in 1986 ( the 1986 estimate did not include a
correction factor for animals missed as a function of their distance
off shore, which would have corrected this estimate upward; Breiwick,
pers. comm. ).

The major assumption of the population estimates from daytime shore
censuses has been that whales migrate at constant speede Over 24-hr
periods and that most if not all of the population passes the census
station during the census period (Reilly, w Q. . 1983). Because it is
necessary to interpolate approximately 58% of the total migration due to
dsrkness, the most likely source of bias within these estimates is
variation in nighttime migration rate, which directly effects the
estimation of the number of whales passing a shore station at night
(Gilmore,, 1960; ‘Reilly, 1984). If gray whales slow their migration rate
significantly at night, the existing population estimates would be
biased upwards. Reilly (1986), for example, suggests that if gray
whalea slow down at night to one-half their daytime migration rate, a
population estimate of 11,083 whales would be calculated for 1980
compared to 15,647 when a continuous 24 hour swimming rate is assumed.
Similarly, if the whales increase their migration rate at night, the
present population estimates would be too low, and not account for the
actual number of animals passing the census station.

Radio Tagging Technology and Its Use with Cetaceans

Radio-tracking is an indispensable tool for the study of elusive
species such as cetaceans because individual whales are difficult to
identify, they travel for prolonged periods out of sight underwater, and
generally are visible at the surface for only short periods durin8
daylight hours (weather permitting). Continuous observations of whale
behavior have traditionally been restricted to daytime, and little or no
information has been obtained on the nocturnal activities of cetaceans.
With the development of radio–telemetric devices it is now possible to
gather continuous 2h hr information on the location of individual
whales, their movements, rates of travel, surface intervals, and their
duration of dives (Leatherwood and Evans 1979).

Recent research on cetacean movements utilizing radio-tags include
studies of humpback (Megaptera novaearidiae) and fin whales
(Balaenoptera physalus) (Watkins et A. 1978; Goodyear, 1985) and
Bryde’s whales  (Balaenoptera ~~ (Watkins & ~. 1979). Several
species of odontocetes  have been captured, fitted with radio devices,
r~leased, and tracked; these includ~  killer whales (Orcinus ~)
(Erickson 1977), pilot whales (Globicephala scammoni  Cope) (Evans
1974a) , and several species of dolphins (Evans 1974a, Leatherwood  and
Ljungblad 1979, Wursig 1979, Jennings and Gandy 1980).

Studies with gray whales have shown them to be good subjects for
radio tracking  because they are more accessible than pelagic cetaceans.
Because of their proximity to the shore during migration, and because nf
their occupation of shallow lagoons in Baja California, researchers may

‘1

approach numerous w h a l e s  i n relatively localized geographical areas.
Norris and Gentry (1974) captured suckling gray whale calves in Boca de
Soledad, Baja California, Mexico and attached transmitters with flexible
harnessea and timed-release mechanisms (Norris ~ ~. 1977 ). Sweeney
and Mattsson (1974) surgically attached a 27-MHz radio transmitter to
the dorsal ridge of a captive yearling gray whale that was collected in
a breeding lagoon, maintained for a year in captivity, and then released
and tracked as it ❑ igrated along the coast
(1974b).

of California by Evans ,

T h e  m o a t  a m b i t i o u s  r a d i o - t r a c k i n g  p r o g r a m  w i t h  g r a y  whalea  was
c o n d u c t e d  b y  M a t e  a n d  H a r v e y  ( 1 9 8 4 )  a n d  H a r v e y  a n d  M a t e  ( 1 9 8 4 )  i n  S a n
Ignacio Lagoon, Baja California Sur, Mexico. Between 1979 and 1980 they
applied 18 radio-tags to adult whales and successfully tracked the
movements of these animals following their departure from the lagoon.
In addition to migratory movements, these studies generated data on dive
durations, surf ace intervals, and rates of movement., aa an average daily
swimming apeed (overall for day and night travel combined).

In a preliminary study of gray whale migration during the 1984/1985
winter, Swartz and Harvey (1985) utilized modified pinniped radio-tags
to track two southward migrating gray whales paat Monterey, California
and along the Big Sur coastline during the day and night. They obtained
accurate measurements of hourly rates of movement, duration and
frequency of surf acings  and dives, the pe,rcent of time the whales apent
at and below the surface, and their dive/surface patterns. The findings
of this study clearly demonstrated that miniaturized radio transmitters
had great potential to gather data on gray whale nighttime versus
daytime migration rates for the verification of population estimates
presently based solely on dayt”i.me  observations, and to gather
information on gray whale nocturnal behavior for comparison with the
large body of information that presently exists from daytime studies.

METHODS

Study Site

Southward migrating gray whales were radio-tagged along the Monterey
coast between Point Piiios  (36°37 ‘N, 121°55 ‘W) and Poine Sur (36” 18’N,
121”54’W), and their ❑ ovements were monitored as they swam couth along a
70 nm (130 km) portion of the central California coast terminating at”
Pt. Piedras Blancas (35”39’N, 121”17’W)  (Fig. 1). This area was
selected because numerous gray whalea migrate within 1-1.5 nm (2-2.8 km)
of the shore throughout the month of January, and this portion of the
coastline included the location of the Granite Canyon Marine Laboratory
(10 nm south of Monterey) which waa utilized by the NMMI, to conduct the
1985/1986 shore census concurrent with this study.

Radio Tagging and Tracking

The radio-tag ueed in this study was developed by J. Goodyear
(Ecological Research Associates, Inc. ) . Each tag contained a two–stage
VHF transmit ter and battery housed in a 1.5 cm by 6 cm stainless steel
cylinder with a 45 cm braided stainless steel whip antenna encased in
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plastic beat-shrink tubing  protruding from its posterior end (Fig. 2 Top).
These tap,s emitted a 10 mli signal with a 20-25 msec pulses on discrete
frequencies between 148 and 150 MHz, and hod a life of approximately one
month. The capeule tag is designed to embed itself in the whale’s skin and
blubber leaving only its antenna protruding. The tag waa  pointed and had
[our stainless steel blades on ita anterior end to penetrate the whale’s skin
on impact. Six wire barbs on the eides of the capsule prevented it from
dislodging after penetration.

F,ich radio-tag was attached by friction fit to an aluminum arrow shaft
and was deli vered to the whale by crossbow. Upon impsct  with the whale, the
tag separated from the arrow leaving only the tag’s antenna protruding from
the skin. A freshwater spinning reel was mounted on the crossbow, and a
monofilament fishing line was attached to the arrow so that both the tag and
arrow could be retrieved if the target was missed (Fig. 2 Bottom). 8ecause
optimum transmission of the radio signal required that the tag antenna be as
nearly vertical as possible, delivery of the tags from above the swimming
whales was necessary to provide the best tag placement. To accomplish this
the tags were applied to the whales from the bow of a 68 ft (21 m)
motok-sailer, the “Diamaresa”,  which was equipped with a sword-fish bowsprit
that provided a tagging platform 16-19 ft (5-6 ❑ ) above the water in front of
the vessel (Fig. 3).

T o  t r a c k  t h e  w h a l e s , t h e  v e s s e l  w a s  e q u i p p e d  w i t h  a n  a r r a y  o f  t w o
5 - e l e m e n t  9  dB gain a n t e n n a s  (Telecmlcs  RA4-A) 1 m o u n t e d  a t o p  t h e  f  oremaat
approximately 50 f t (15 m) above the deck and oriented 180 degreea apart; one
antenna was oriented forward and the second aft of the veesel.  A third
3-element 6 dB gain Yagie antenna (Teleonics RA-2A) was mounted on a 13 ft
(4 m) mast that could be rotated 360 degrees to locate the signal source
relative to the vessel’s position (Fig. 3).

These antennas were connected to telemetry receivers (Telonics  TR-2)
capable of receiving transmission in the frequency range of 148 to 150 MHZ,
which were connected to frequency scannera (Telonics TS-I ) that could be
programmed to search for several radio-tag frequencies simultaneously, and to
signal processors (Telonice TDP-2) which provided ❑ eaaures of received signal
strength and pulse width (Fig. 4 Top). ~o receiving systems were operated
during tracking. The first system included a telemetry receiver connected to
the two formast antennas via a switch-box (Telonics TAC-2)  that allowed each
antenna to be isolated from the other and operated separately, or for both
antennas to operate together to scan both forward and aft simultaneously.
The second system included  an identical receiver connected to the 3-element
antenna to loc’ate the position of a tagged whale relative to the vessel.

Both receiving systems were monitored continuous y during tracking. As
radio transmissions were received, the time of each surfacing and its length
(recorded as the number of pulses received) were entered into a Compaq
Portable Computer which then calculated the length of the surfacing and the
length of each subsequent dive (Fig. 4 Bottom). Additional data collected
during daytime hours included the behavior of the tag~ed  whales, and, when in
a group, the number and behavior of the whales in the group which incIuded
the tagged wtrale.

The vessel’s Loran-C navigation system was used to progressively plot
whale positions relative to the vessel as they moved through the study area.
To estimate the distance from the vessel to tagged whale (i.e. , the signal
---------------
1 Tlle use of trade names in this report is for documentation purposes
nnlv. and d“-’+ r,rlr imnlv  an .“,l”rqam”.  t 1>,,  .!.-  ...  !’9.  -...  -. h..  . . . . . .
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rl~ull+ ‘L. Telonics rddlo-telemetry terei vcr, frequency scanner, and
., ,l,,,<*.  I!: ces.sor used to track the radio-tagged whales (top), and
JI. ,,:Jt. ~:d Compaq Portable computer used to record incoming telemetry
dd[ 4 (lllli.  ~<11[1).
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source) during the ni~ht, the correlation between received signal strength
and distance between the whale and vessel waa first determined during the day
as follows. The signal processor (Telonica TDP-2) connected to each
receiving system provf.ded  a measure of received signal strength in decibels.
While in visual  contect,  the distance from the vessel to a tagged whale was
estimated when the whale surfaced, and this distance waa compared to the
strength of the signal received during each surfacing. At night the received
signal strength alone was then used to estimate distance between the tagged
whale turd the vessel. In general a distance of 0.5 to 2.0 nm (about 1-4 km)
was maintained between the tagged whale and the veaael during a tracking
episode to minimize the potential influence of the vessel on the whale’s
behavior.

Two vehicles equipped with receiver/scanner systems (Telonics TR-2 with
2-element Yagi.e antennaa Telonica RA–2A) were also utilized to monitor
signels from the tagged whales as they moved along the coast. Both of the
mobile tracking teams were in radio contact with the vessel during tagging
operations. When a tag had been successfully app Lied to a whale, the
responsibility for following the whale  was transferred to one of the mobile
shore teams, freeing up the vessel to attempt to apply another tag. The
mobile team then followed the radio aignaI  from point-to-point as the whale
moved progressively south along the coast. At each location, the team
❑ onitored the signal until it beceme too weak to be reliably documented. The
period of ❑ aximum received signal  strength was used as an indicator of the
time that the whale pasaed each specific location. Shore teams also recorded
the time  and duration of each surfacing and dive whila monitoring the radio
signals. Once a signal became weak, the mobile team moved several miles
south until a strong signal was re-encountered, and then repeated the
tracking process at that location. ‘he mobile teams followed each tagged
whale until sunrise or until the whale reached Pt. Piedraa Blancas at the
southern end of the study area.

Analysis

Data from the vessel and the shore teama were used to determine each
whale’ a direction of swimming, distance traveled. and migration rate.
Behavioral data recorded from each tagged whale included frequency and length
of surface intervals and of dives during all hours that the whale was
monitored, and from these, surface and dive patterns were determined.
Because these data were obtained continuously during all hours, comparisons
of day and night behavior were poaaible.

RESULTS

Radio-Tagged Whalea:  Individual Cases

For each gray whale that was radio-tagged and tracked, a narrative of the
date, time, and location of tagging, and a description of the whale’s
behavior and ❑ igration route, including a comparison of its daytime and
nighttime rate of travel are presented first. Then, each whale’s surfacing
and dive rates, and length of surfacings and divea are presented.

Gray whale migration rates measured from 0600-1700 were considered as
daytime data, and were compared with nighttime migration data obtained from

m
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1700-0600. The gray whales’ typical swimming pattern while migrating is
composed of a series of surfacing, usually accompanied by respirations or
“blows”, separated by short shallow dives. Together these surfacings and
shallow dives constitute a “surfacing interval”. Each surfacing sequence is
followed by a long deep dive. In the following analysis, the rate of
surfacing referred to the number of times that a whale surfaced during all of
its surface sequences within a given hour. Surfacings were analyzed aa the
rate of surfacing per hour and the duration of each surfacing in seconds.
The short dives between blows were not analyzed for each whale; however, the
mean length of these short dives for all whales was 27.00 * SD 14.13 sec (n=
2302) . Only long deep dives, those greater than one minute, were analyzed as
the rate of dives per hour and duration in minutes.

Whale No. M-1: The first gray whale was rsdio-tagged at 1255 on January 6,
approximately 2.8 nm northwest of Point Sur (36”16.4’N, 121”58.6’W). This
whale was swimming south with three other whal& and wss” tracked by both the
vessel and the shore teams until 1850 when its signal was lost and never
recovered. The whale $s last known position was approximately 13.5 nm
southeast of Point Sur (36”08. 7 ! N, 121”42.0’ W).

Whale M-1 was tracked a total of 12.54 nm during 4.33 hr of daylight at a
swimming rate of 2.89 kts (5.35 km/hr), and a total of 5.77 nm during 1.58 hr
of nighttime at a rate of 3.65 kts (6,76 km/hr)  (Table 1).

Its rate of surfacing increased from 44. 3/hr to 47 .4/hr during the two
daylight houra of tracking ( 1401-1558), but then declined to 32.2/hr during
the last hour before the signal
(Fig. 5A).

from the whale was lost (1700-1759)
The mean length of surfacing for this whale increased throughout

the tracking period from 1.3 * SD 0.4 sec to 1.5 t SD 0.4 sec (Fig. 5B).
lhis whale’s rate of dives greater than 1 min decreased from a high of
28.9/hr from 1500 to 1559 to 23.2/hr from 1700 to 1759 (Fig. 5C). The mean
length of dives was variable and increased from 1.6 * SD 0.45 min to 2.4 & SD
2.2 min during the tracking period (Fig. 5D).

Whale F4-2: One whale in a group of 7 animals was tagged at 14:45 on January
8 approximately 4.5 nm southwest of Point Lobos (36”27.5’N,  121059.0’ W).
This group was trscked by both the vessel and the shore teams until 09:00 the
following morning when the whales reached the southern end of the study area
at Piedras Blancas (35”40.2’N,  121”22.2’W).

Whale M-2 was tracked for 7.75 nm during 2.80 hr of daylight at a
swimming rate of “2.77 kts (5.13 km/hr)  the afternoon it was tagged, and for
an additional 7.24 nm during 2.47 hr of daylight at a rate of 2.94 kts (5 .44
km/hr)  the following morning. During the night this whale traveled 45.56 nm
in 12.98 hrs at a rate of 3.51 kts (6.50 km/hr), slightly faster than its
daytime swimming rate (Table 1 ) .

This whale’s rate of surfacing reached its maximum just at sunset ( 1700)
at 79 .5/hr and i-hen declined throughout the night to a low of 33. O/hr from
0300-0359 (Fig. 6A). The mean length of surfacings varied throughout the day
and night ranging from 2,1 t SD 0.4 sec from 2000-2059 to 2.7 i SD 0,5 sec
from 2300-2359 (Fig. 6B). This whale’ a rate of long dives reached its peak
of 21/hr from ‘1900-1959 and the lowest dive rate of 8/hr at 0000–0059 (Fig.
6c). The mean length of long dives for this whale ranged from 2.1 i SD 0.8
min during the period 1900-1959 to 6.0 * SD 1.2 min from 0000-0059 (Fig. 6D).

-D --9-D - - -
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Table 1. Summary of day and night migration rates for nine gray whales that
were radio-~  agged during their southward migration along the central California
coast in 1986---
——. ——-—__ —____ —-_____ —— ----__ —-_ ——_----  —---. ---—___

DAY NIGHT
WHALE .-—-— -----———-—- ——---—-----  — -------------
NO. DATE N. MILES HRS RATE KTS N. MILES HRS RATE KTS
—-.——-- —--—--— .—————-_--___ ——_-- —---

M–1

M-2

M-3

M-4

M-5

M-6

N-7

I&9

M-9

06 JAN

08 JAN PM
09 JAN AM

10 JAN

11 JAN

11 JAN

12 JAN PM
13 JAN AM

12 JAN PM
13 JAN AM

17 JAN

17 JAN

———- —-—

12.54

7.75
7.24

6.77

4.33

2.80
2.47

1.58

——

5.94
10.89

4.77
11.08

19.96

3.93

--——

2.00
2.58

2.50
3.27

5.58

1.00

2.89* ,5.77 1.58 3.65*

2.77* 45.56 12..98 3.51*
2 .94*

4. 27* 49.11 13.50 3. 64*

——— 33.94 13.25 2.56

—— 34.27 13.25 2.59

2.97* 44.39 12.92 3 .44*
4.21=

1 .91* 40.68 13.50 3.01**
3.39-

3.57 35.73 9.50 3.76

3.93 46.91 12.00 3.91

—— ------
DAY x = 3.23 NIGHT X = 3.34

—_ —- —--— ——-———--—-------  —-—------  —-——

* = Tracked by combination of vessel and shore team
* = Tracked by vessel alOne.
NIJ * = tracked by shore team alone.
N. Miles = Nautical Miles.

.
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dives ~ 1 min. Shallow dives of < 1 min USUS1lY occur in-between
surfacings or blows by the wbsle, and differ from longer deep dives that
occur b~tween entire surfacing intervals. Short dives of < 1 min
comprised 64% of s1l dives. The mean length of the short dives between
blows was 27.00 * SD 14.13 sec (n=2,302), with a range of 0.27-59.97
Sec , and a 95% C. 1. of 26 .42–27 .58 sec. The mean length of long dives
(~ 1 rein) was 3.10 * SD 2.10 min. with a range of 1.00-13.08 min, and a
95% C.I. of 2.99-3.22 min.

The length of an average surfacing interval (all surfacings and
short dives between blows during a respiration cycle) may be calculated
from the mean lengths of surfacings and short shallow dives, and from
these, the average percent of time that a migrating whale spends at the
surface may be determined. The average surfacing interval is defined as
the mean length of a surfacing (2.25 see) plus the ❑ ean length of the
short shallow dive (27.00 see), multiplied by the mean I#~i;~

surfacings during a surfacing interval (2.75), or 80.43 sec.
surfacing-dive cycle would be the average surface interval (1.34 min )
plus the mean length of a long deep dive (3.10 rein), or 4.44 min.
Therefore, a migrating whale would be expected to surface to breathe
once every 4.44 rein, and spends an about 70% of its time below the
surface during deep dives.

DISCUSSION

Migration Rates

Mste and Harvey (1984), used external tags to radio-tag 14 gray
whalea in Bsja’s San Ignacio Lsgoon in 1979 and 1980, and report thst
these whales are excellent subjects for the attachment of radio tags;
they suggest that because gray whales tolerate large numbers of ecto-
parasites and epizoites, they may be sdapted to foreign objects in the
skin.

On the other hand, Harvey and Mste (1984) also state that gray
whales have been less than ideal animala for the radio-tagging studies
because of their habit of rubbing against the seafloor during feeding
and against each other while courting, mating, and raising calves, which
increases the chance of dislodging an attached tag. The radio–tagging
efforts with gray whalea prior to 1986, however, have involved the use
of external radio transmitters. These studies, reviewed by Mate and
Harvey (1984), employed a variety of methods which included flexible
harness bands attached around the belly of restrained calves (Norris snd
Gentry, 1974) , a tag surgically sutured to a captive yearling (Evans,
1974b; Sweeney and Mattsson, 1974) , and the first successful
radio-tagging of unrestrained gray whe les with umbrella and barnacle
tags (Mate Q &., 1983). The problem of short tag retention was
minimized in this study by the use af the small sub-dermal  capaule  tag
that incorporated small size, minimal penetration depth and tissue
trauma, long attachment duration, and eaae of deployment on free
swimming whales.

Although slightly slower than previously published swimming speeds,
the mean daytime swimming speed of 3.23 kts (5 .98 km/hr) determined from
whales radio-tagged during this study compares closely with rates of
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southward migration from earlier studies. Published estimates of gray
whale daytime swimming speeds during southbound migration were reviewed
by Mslme et al (1984) and ranged from 3.2 kts (5.9 km/hr) (Rugh and— —.
Brahsm, 1979)  to 5.5 kts (10.2 km/hr) (Cummings ~ ~., 1968), with an
overall mean rate of 4.4 kts (8.1 km/hr)  (Table 2). Concurrent with
this 1986 study, a daytime migration rate of 3.44 t SD 1.34 kts (6.37
km/hr) was determined by the National Marine Msmmsl Laboratory’s shore
census team during the 1985/1986 shore census at Granite Canyon (Rugh
et al 1986) . This swimming rate was not significantly different from—  —u
the daytime migration rate for the whales radio-tagged in 1986 ( ts=
0.284, P > 0. 75), or the overall mean migration rate for the Monterey
whales of 3.31 * SD 0.62 kts (6.13 km/hr) (ts= 0.203, P > 0.75).

Previously there has been little evidence to support the idea that
day and night migration rates were the same (Reilly, 1981; Reilly ~
+. , 1980) . Rugh ( 1984) collected night migration data using
night-vision optical equipment of southbound migrating whales at Unimak
Pass, Alaska. The results of his two experiments differed; one
experiment suggested that there waa no diurnal fluctuation in the rate
of migration past the census site , while the second experiment suggested
that the whales slowed to 73% of their day rate. Gilmore  (reported in
Reilly, 1984) felt that gray whales slowed their swimming speed at night
in response to limited visual cues for orientation. Other investigators
also believed that gray whales slowed their migration rates at night
(Hubbs and Hubbs, 1967; Rsmsey, 1968), but they presented only indirect
evidence.

Evidence supporting the uniformity of day and night swimming speeds
comes from a 1985 pilot study by Swartz and Harvey (1985) that
radio-tagged two gray whales during the 1984/1985 southward migration,
and tracked them along the ssme portion of the ❑ igration route as in the
1986 study. The first whale traveled at 3.71 kts (6.87 km/hr)  during
the day, and this was not significantly different from the 1986 overall
daytime rate (ts= 0.651, P > 0.70). Its night time rate waa 3.38 kts
(6.25 km/hr), again was not significantly different from the 1986
overall night time rate (ts= 0.007, P > 0.95). The second whale
traveled at 3.45 kts (6.39 km/hr) during the day, and 3.72 kta (6.89
km/hr) during the night, neither of which were significantly different
from the 1986 overall night time rate (tsa,.298 P >0.70 snd ts=
0.718, P > 0.45 respectively).

Immediately after this study in central Cslif ornia, sn additional
nine gray whales were tagged and radio tracked aa they migrated through
the Channel Islands National Msrine Sanctuary (CINNS) (Jones and Swartz,
1986) . The daytime migration rstes of the CINMS whales ranged from 2.11
to 3.65 kts (3.91–6.76 km/hr) with a mean of 3.02 i SD 0.44 kta (5.59
lun/hr)  and a 95% C. I. of 2.68-3.36 kta (4.96-6.22 km/hr), Doring the
night, their net migration rate ranged from. 2.99 to 4.18 kts (5.54 to
7.74 km/hr) with a mean rate of 3.45 ~ SD 0.45 kts (6.38 km/hr) and a
95% C.I. of 2.97-3.92 kts (5,50-7.26 kin/hr). The day and night
migration rates of the CINMS whales were not significantly different
from the rates measured off central California (ts= 0.773, P > 0.40
and t~= 0.434, P > 0.70 respectively). The day and night migration
rates for the CINMS whales were not significantly different (ts=
1.821, P > 0.91), and when pooled gave an overall mean migration rate of
3.19 f SD 0.48 kts (5.91 km/hr) and a 95% C.I. of 2.92-3.45 kta
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Table 2. Gray whale s o u t h w a r d  migrdtion  r a t e s .  A d a p t e d  frmn t.lalnte  et al
( 1 9 8 4 ) .

— —.

----------------------------------------------------------------------------
Migrution  R a t e

Locat ion Kts Km/hr Reference
--------------------------------------------------------------------------
CA/Oregnn/B. C. Coasts

Yaquina Head to Monterey

Monterey

Monterey

Monterey to San Diego

San Diego (Point Loma)

San Diego

San Diego (Point Loma)

San Diego

Unimak Pass to San Diego

Monterey

Monterey day:
nigilt:

Channel Islands: day:
night:

Monterey day:
night:

— _______________________

4.00

3-4

4.05

4-5

4.7

4.6

5.5

3.9

4.6

2.3

3.34

3.58
3.55

3.02
3.45

3.23
3.34

7.41

5.56-7.41

7.50

7.41-9.26

8.70

8.52

10.19

7.22

8.52

4.26

6.19

6.63
6.57

5.59
6.39

5.98
6.19

Pike, 1962

Herzing and Mate, 1984

Malme et al——. * 1983

Rice and Wolman,  1971

Reilly, 1981

Pike, 1962

Cummings et al_—t 1968

Sumich, 1983

Wyrick,  1954

Rugh and 13raham,  1979

Breiwick and Dahlheim, 1986

Swartz and l[arvey, 1985

Jones and Swartz, 1986

This Study

---_ -________ -_-------__  ----— ------------
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[5.41-6.39 kndhr). This mean miQration  rate for the CINMS whales waa.-
not significantly different from t~e mean rate of 3.31 kts (6.13 km/hr)
for whales trackad along the central Glifornia  coast (ts= 0.625, P >
0.50).

The nighttime migratory behavior of the gray whales radio-tagged
during this study was essentially the same as that observed during the
day, and the mean net rate of nighttime swimming of 3.34 kts (6.18
km/hr)  was only slightly faater  than the mean daytime rate. Notably,
there waa no significant difference between day and ni~ht time migration
rates as determined from this study, indicating that the census
estimates baaed on daytime shore counts at Granite Canyon need not be
corrected for diel changes in migration rate. The uae of short-term VHF
radio-tags in this study demonstrates that these remote telemetric
devices are a useful and cost effective tool for the study of gray whale
migration rates, and their surfacing and diving behavior over 24-hr
perioda.

Correction Factors for Aerial Surveys

Quantitative estimates of the percent of time that migrating whalea
spend at and below the surface are extremely important in formulating
correction factors to estimste  relative abundance of cetaceans from raw
counts from aerial surveys. Radio-tags provide precise measures of the
smount of time that migrating whales spend at the surface, and by
coupling these data with behavioral observations from a survey aircraft,
the proportion of time that a whale would be visible to an observer may
be estimated.

Raw transect counts may be biased toward underestimating the actual
number of whales in an area. Compensation for this bias requires the
calculation of t Wo correction factors for the estimation of whale
abundance from strip surveya: (1) to correct for whales missed because
they were submerged and thus invisible, and (2) to correct for whales
that were on the surface but miseed by the observera (Eberhardt  Q Q. ,
1979). The first source of bias is a function of the length of time the
observer has to view the survey araa, and the whale ‘a surface interval
and duration of dives. A correction factor to determine the probability
that a whale will surface while the ohserver ia viewing the survey area
is given by Eberhardt et al. (1979) as——

P=(s+t)/(s+u) (1)

where s is the mean duration of a surface interval (defined here aa the
length of time that a whale is at the surface between long dives), u is
the mean duration of dives (defined here aa long dives other than short
dives between blows), and t is the length of time a point along the
transect line is visible to the observer. Raw counts should be divided
by P to correct for submerged whalea.

A correction factor to compensate for submerged whales may be
derived from 130.59 hra of radio–telemetry data for surfacings and dives
of nine whales tagged during this stud y (see Table 1). Generally the
respiration cycle of grays consists of a sequence of surfacings (when
the whale blows), separated by short shallow dives. and followed by a
long deep dive. Ilere, the surface interval was defined as a series of

I
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short surfacings separated by short dives; hence, the mean duration of
the surface interval (a) may be defined aa the mean length of a
surfacing (2.25 * SD 0.83 see, n = 3,617) plus the mean length of the

short dive between surfacings (27.00 * SD 14.132 see, n = 2,302)
multiplied by the mean number of surfacings during a respiration cycle
(1 .57 = no. surfacings / no. long dives), or:

s = (2.25 aec + 27.00 aec) (1.57) = 45.92 sec. (2)

The mean duration of long dives (u) was 186.00 * SD 126.00 sec (n =
1.315). The time (t) that a point along the transect line would be
visible to an observer flying at a standard survey altitude of 1,500 ft

(

(457 m) and 90 kta (167 km/hr) is approximately 37 sec (Jones and
Swsrtz, 1986). Thus, a value for P may be estimated as:

P = (45.92 sec + 37.00 see)/(45.92 sec + 186.00 see) = 0.357. (3)

Therefore, raw counts from surveys along this portion of the central
California Coast should be divided by P = 0.357 to correct far whales
missed because they were below the surf ace. A similar procedure waa
used to calculate a correction factor for whales surveyed in the Channel
Islanda National Marine Sanctuary from nine radio–tagged whales. The
value for P in this area was 0.398 (Jones and Swartz, 1986), suggesting
that the whales surfacing-dive behavior was slightly different while
passing through the northern Channel Islands.

The second source of bias, whales at the surface but missed by the
observer. ia a function of environmental conditions affecting visibility
during ~he survey and the observer’s sighting ability and experience
(Leatherwood & ~., 1978; Davis ~ -., 1982). COrrectiOn  fOr this I
bias requires that simultaneous observations from two independent
observera be compared to determine the ratiO Of
observera to the number seen by each observer alone.

whales seen by both
1
!
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FIwre  Z.—M.P  d C,  PIIK.  lc.CdllY.  Numb.,,
indicate  MI.  capture  .11.s t.r  the three hmm...d
.nirnm..

ging  methods that  do nol  require kill-

ing arc now required. These methods
seem  to fall into Iwo categories: (l)
those involving the capture of whales,

placement of hurnesses  and  equipment

on (hcnl.  [racking along  the whale’s

route. and subsequent release and re-
covery  of data packages; and (2) those
involving placement of data or tele-
metering packages on whales without
capture, followed by tracking.

The first  method will allow data
collection  from a few artima[s,  while
ihc Iauer will presumably allow  less
complete data collection from more
animals and from those species IbaI
cannot be captured, The tests de-
scri bcd  here  are of [he first sort; that
is. they involve capture and harness-
ing.  The experiments of Evans (this

n u m bcr of Mari,w  Fish cric,s  R,, view)
with  Gigi are also  of lhis  sort, though
surgical attachment rather than  har-
nessing  was used.

We chose our  subject, the California
g~JY whale.  because large  numbers
01 suckling calves arc available  in
lhcir Mexician  breeding lagoon  during
January and February of each year
;,nd lwcause  tbc  calm working contl-
Iions  in [be Itigoon  would assist  [hcsc
Iprcliminary  tc~t>.  We expect  Ihal  (he

majority  of rmdIs  ohluincd  on (his
rclfi(i  vely well-known anioud  will be

upplimhlc  m more  oomnic  spccics,
Our ICSIS  were  restricted to cttptuw,
Iutrm!ssing,  and very short (mu  mtck-
ing.  kince  we cxpecled  that our  results
would rw+tire har”css  redesign prior
to long-term  tracking, This proved 10
b. (he case.

We attempted to capture suckling
animals only because  of Ihc obvious
dangers  and  seamanship problems pm-
scnmd  by aduh  whales. The ratiormlc
supporting Ibis choice  is thai  ~ suck.
Iing  calf, harnessed and inslrumenmf,
should keep station  with its mother
and, hence, give a true migratory
route.

To our kttowledgc  Iivc baby gmy
whale captures or handlings  have
been reported. Eberhard[  and Norris
( 1964) report  working wi[h  a stranded
baby gmy whale in Scammon’s  Lagoon.
Rokl Eisner  (pcrs.  comm.)  delailcd
a capture of a baby gray whale in
Scammon’s  Lagoon from a small cata-
maran by use of a superficial harpoon
followed by neoing,  David Kenney
(pem,  comm,) direclcd  the capture of
Elmer’s animal and the capture and
transportation of Gigi. the gray whale
calf caught in Scammon’s  Lagoon and
held for 12 months in Sea World.
The latter whale was  captured with a
iail noose from a small fishing vessel
equipped wi[h  a bow plank. The ship
was reportedly damaged slightly by
the mother  when the baby was brought
alongside. Theodore Walker (Cous-
teau, 1972) is shown manipulating a
stranded baby gray whale in circunt-
stanccs  much like those  discussed by
Eberhardt  and Norris ( 1964). Spencer
( 1973) reported on the drug-assis!ed
capture of adult whales in Scammon’s
Ldgoon.

THE STUDY SITE

Wc chose n o r t h e r n  Magdalctm
Bay. Baj:t  California S“r. Mexico,
ncw Boca de Soledad  for our work

bccausc  of an abundance d’ whales
living  in a syswm of shtillow  hays  and
ralbcr  narrow  channels  und  bemuse
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Kcnntilh S. Norris  and  Roger  L.
Gentry are associated with  the
Coadal  Marine Labumhwy,  Uni-
vmsity  of California, Santa
Crwz,  SIInbi  Ctuz,  CA 9 5 0 6 4 .

the  Mcxicm  govcrnnwnl  has recently
declared  the better  known Scammon’s
Lagoon  (Lagtitm  O j o  de Liebre) a
whale  reserve. Headquarters were es..
tablished  i n  (be  small  govcmmcm
cwmcry town of Lopez Maleos,  which
fronts on (he main  lagoon  channel 8
km southeast of Boca de SoIcdad
(Figure l).

I n  [his  region  the chamtel  is about
800 m wide and averages I I m deep
in mid-channel, To the wesI  a low
ridge of dunes separates the lagoon
from (he sea. The shore along tbe
dunes drops precipitously into  deep
water.  The eastern bank is typically
bordered with dense mangrove Ibick.
ets ofh!n  CUI by shallow bays and
channels. The shore along the  man-
grove coast  usually shelves gradually
over a broad tidal  flat [o the  main
channel. This tit  fference  in botmm  co”.
tour proved crucial m capture and
harnessing.

While whales were found through.
out  the  deeper parts of the channel,
one concentration occurred just in.
side Boca de Soledad  and another OC.
curred  a! a broad expanse of water just
north of Colina Coyote (see Ftgure  I).
II  was here, or somewhat closer to
Lopez Mateos,  that our captures took
place. Our counts  showed approximate.
Iy 86 whales in residence in (he entire
channel system. Most were mothers
and young,  but a few males were pres-
ent.  as indicated by copulations ob-
served inside the channel.

WHALE CAPTURE
AND HARNESSING

Capture of suckling gray whales
proved to be rather simple, once the
basic techniques were established, Four
whales wcrr netted  in 3 days  (27-29
January 1973). One was  released be-
cause it was clcwly 100 large for our

harnesses. The o!hcr  Ihrec wcn!  suc-
cessfully harnessed. rebmsed  m their
mnlhcrs.  and tracked.  Capture  w a s
performed from the swordfish bout
LWI.WMI.  a 15-nl vessel equipped with
a 11.5 m wcldcd  aluminum  pipcpulpil
projecting from its bow. During CdP-
tttre Captain Tim Houshar  occupied
the  basket  at ihc  cnd of the p u l p i t ,
while the hclmsnum  stewed from a
rcmole sta!ion  atop  ihc  crow’s  nest.
The vessel was maneuvered Lwhi”d  a
whale  pair. attempting to place the
ne{man  in the  pulpii  over the  animals
as they surfaced IO breMhc.  At ihe
same time another crewman in a
speedboat zigzagged around and in
front  of (he animals in an attempt m
direct and distract them.  This attcnlpt
succeeded often  enough  that surfacing
whales rather regularly allowed (hc
pulpit to pass over them. The tendency
to surface beneath she  pulpit varied
rather widely from pair 10 pair and
seemed most consistent in mothers
wi[h  small young.

Once a pair surfaced under the pul-

pii a noose  of 1.25 cm nylon line was
placwl  over  Ihe  small  tinimal’s  head by
mmm  of  B large  metal  h o o p  cut
[hrough  d its outer margin  and he ld
t o g e t h e r  inside  a piece of  plastic
tubing  (f:igurc ?). T h e  rather  slow
speed of the  whtdcs  (u!itttdly  hXS than

7  knots)  and  the  teliuivcly long tinle

they  s p e n d  at the  surrace  during r&~-

piralion  make this  a reasonably sin>-
PIC process.

At this point Ihe nylon  noose  which
was lied  10 the meial hoop with light
twine  was  pulled loose. The hoop
separated over chc  animal and was
pulled away, Ieaving  the  noose  to slip
back 10 the tail stock of the Iiule whale.
Another crewman on the pulpit pulled
tbe noose tight over tbc tail stock. The
noosed young took out a modest
amount  of line. usually less than 100
m, before the line was belayed around
a Samson post.  The young dtd  not
dive for extended periods (less than
1 minttle)  but towed  lbe  vessel  for a
time in this position. The mother
always stayed in close attendance.

Flgue  2, —.2@Lue  01 the baby  tide.  Wt. hc.o~  ● nd “00s-  bwl”~  r.lmcmd 0“., tlw baby.  trot, ● loo
ltt. sWrdll.h  plank filch  1. rnm...wnd.d  oww thn nmther.y.ung  Pk.
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often  sliding over the Iiue  or coming
up underneath it, AI times shc lilted
[hc young on hcr  snout or b;wk,  timl
occas ional ly  she thrashed  at the  W.
slraining  Iinc with her  Ilukes..

Once the  young animal  begun  m
slow somewhat, it was brmqght  back
under  the pulpi:  by bringing in Iinc.
The mother  came with it and swam
under ihe pulpit or slightly off [o the
side. Ncvcrdlda  femalcatwmpt  mhi:
the hod or the pulpit,  thuugh  our
small wtmplemay  not  bereprcsmmttivc.
A head net hag of S cm nylon mesh.
also containing a noose of 1.?5 cm
nylon line and similarly pm.itioned
on a hoop frame, was  placed over
the baby’s bead. Optimally [his net
was deep ertough  to extend from :he
tipofthcsnottt  lojusl  postcriorm  the
pectoral Rippers. In practice our nets
were too small for all but one animal
and placed the noose anterior m the
pectorals. Even so, the nocse  did not
slip loose.

With lines fore and aft the young
animal was severely hampered and
could be pulled in rather easily by
hand. During this time the boat and
skiff had been maneuvering the pair
toward the east bank  and ils shallow
shelf.

Twoplastictra.sh  barrels  comai”i”g
lhecoiled  bead and tail lines  were  lift-
ed into a waiting skiff and payed out
to the restrained whale until the shallow
shelf was reached. Then the lines were
taken ashore and the men. usually
four to six. pulled (be baby sideways
onto the shelf. Usually ihe  mother”s
efforts were strenuous at this time, and
occasionally sbe looped tbe line over
her body or tail giving an irresistible
pull, but  always she rapidly slipped
free and [he baby could be towed  in
again. The baby was  beached in about
0.7 m of water, 10 m or so from the
shelf edge. The mother was unable  to
emcr s u c h  s h a l l o w  w a t e r ,  though  she
did pa[rol  the  shelf edge,  and in one
case partially stranded herself. seenl  -
ingly  in an altempt  m reach the  baby,
Thus protected from the obvious ire
of the mother. it was  rather simple to



placv  t h e  htir,ws,  <,,,  tl,c  huhy  I he

dtingcr  from  !hc  moIlw,  w,,,  nl,tdc

cl..i,  r when ,S crcwnum  lb.g;  tin $WWI.  IIW

Wtlill,l  ,, tcw  ,,,.4CI,  ,>1  ,,,,C “Ilw’  I..,,l:dc

w h a l e  Iihf  hcr  IAIl,  bcnx tiI  h.,  ck ,snd

!hrushc.d  ihc  lhd.cs  un, und !n ,, stint!.

CIrclc,  hor,z,mt,til  10 II,. W;IICC .urti,cc

Shc  nussul  t h e  man  b y  quitti  3 dis-

tance  but (hc  force  of t h e  b l o w  wit\

enough  to send  II shcc I (d wmc.c ovm

Lwcrytltlc  ,Wilrhy

lhc hnby  ,cn)n,,,cd  r,,lhcr  qu,cl

during [he  harnessing process, “The

Imrnc$b  wus uktudly  dippo)  nn u n d e r

t h e  snuut  und  workaf  p, I\ IcrIo,ly  !,,

the pectoruls  wllich  were then insmtcd

(hruugh  Ihc Iumwss,  The hmncss  w:)+
II>CII  Iightcncd  in place  unttl  snug over
the hahy  ’s body,  Al Ih#s  pmnt.  taming
for  harness  WIC.LMC hcgat,  as a corr’]si.

hlc  m~igncsium  bul(  w h i c h  hdd the

rclcasc  mcchanisnl  hcgim  10 corrocfc

u\vIiy  in snlI  wwcr.

‘Three or four mm  pushed the baby
back ,11(0 deep  wtltcr  OV~r  the shelf
taking  care 10 avoid  the  nlothcr.  In till
hut  one  cusc shc wus ncurby  umf
qlllcl.ly look  up Slilltun  will, her off .
spring. In onc CWL! the rno!hcr Ief,
Im.(ore  [hc baby WIM  lutmchcd  mu)
W,W ~1  kthmwtcr or so down  the  buy
.IIOW  VAWII  lhc  baby  bq+n  10 s w i m
In IJccp  w a t e r .  T h i s  baby cruIscd
quiclly for a short  umc iind  then. who>
[thou!  100 m fl on)  III’.  moihcr.  turned

u. if on a Mgnid  and  raced  [owflrd  her.

TIM’  mt]thcr  did  the  same,  t u r n i n g

tuwurcf  t h e  b a b y  z,nd  beg, nmng  10

suvrn  r a p i d l y  Owe lhcy  w e r e  near

Ihc  nto!lwr  o rclcd  the  baby, thrashing

IIIC waler wi!h  hcr  Iiukcs.  II WIM  prob.
;,blc  thm  nn  ;tc<mslic  uccogmtmn  sig-
n.d was involved. ‘1 his young  aninud
h.,d  hccn tvmlling dmrl IOW Ircqucncy
s igna ls  wbilc  >trtinded  Ivcn !1 the
yaw ng  <hd Iu.come  scpm UICIJ  from  t hc
,),  <> II,  C, I,y W,,  )e lh.lj,,,  c,., CI,L!,,CCS  for
rcunmu  rcmainctf  exoAlc  III bccimst
,,(  !hc rcs!nc [cd chimncls  tivwlablc
fs>r ~winlmlng

In dl citscb  111. prcwncc  of t hc h;,r.
Iww  h.d no  v is ib le  cf(ccl  on  the  bc.
Iv,$,  ior of the m<nthcr.yotong  pm,

HARNESS DESIGN

111, 1),,,,,,.,,  Wn, C,m,,,  ”c,ccf ‘,1
1,,111  l:sycIb  01 o n e - w a y  ,Irt(ch  I.ino
241,1  c<mmltmly  uwd  m  In brwuling
glrdlc\  *IA c,wwt,, Ib;ta  pcrtnitfcd
<, XP.,ll,l  <111  a!llf  ctmlrwlwn  ill’’  lUl1Ll the

WI IJIL.’S circun]fmencc. “Ihc Iwo  legs
of tiach  Imrnm$  hull  II tgurc  .1) were
ut[uchcd  lt>~clhc,  VCW,”ll~  b y  ,, D’”
rIItg\ to a Iialwd-rclcasc  mcchant sm.
[Xw$dly lhcy were bolwxf  IOU curved
meld plmc hokbng  the mdm  trunk-
mi l le t  H, MWOIIIUI  rows  of gruttuncls
5 cm tipwt  i n  t h e  hctivy  fdw!ic.
lmprcgnate<l  nyhm  reinforcing bond
al Ihc  d,,r,;,l  C,, IJS < d  11)..  har,uss  leg,

Ullowcd  :Kf,w,l,llc,ll,  10 wl,lllah  01

AI ICICI  II circunllcrcnccs  and  idlcnvcxf

Ihc  burn.%s m h sccurcd  under d! ffcr.
cm dcgrccs  O( Icnsmn.  Wc  pulld
t h e  hwncsws  snug  on our unimtds.
WI IICII  prcvcmmf  Ihmcr from  w a t e r
p;hslng  around  lhc  swimnung  animal
Id  kept  the  htirncss  un plncc  during
ch.cs  (Ihc  hurncss  wm 40 cm wicfc
and  I 12cm long).

The  strength  fcaturcuf  ihe barnms
was  a 2 5 cm wide by (1.6 cm thick
W,,  vc,, nylon  Slrup  ,,1 (I)C  lmhllg  and

lrtIIIII1g  edge 0 1  CUCI1 hurncss  half.
lIICSC  straps. held  in sewn folds  of tbc
Imrncs>,  wcrcscwn tothcl]amcss<mly
[Ie;tr lhc vcolrd  .. D’”  rings,  Ihm pcr-
m,ttlng  harness and  straps  m bc UC).
Justcd indcpendcnlly  to the whnlc’s
cilcuodctcncc  the grommclcd  CIVJS
o f  bmh the  Imrness  ilsdf  and  Ihe

strcngdwning  straps  were attached  to
hohs  on  the  dorsnl  pbIIc  by nlcans  o f
Lnudcd  nuts

A plastic cup on  each  side’ hy mid.

body sInu  Il:ucd  W1 instrunwn(  housing,

and  a polyblllyl  Clllm’ldc  roll  S e w n

tic’row the harness  afxwc  the  pcclorals

uctcd  us a bi,(lcn,  prcvcnling  bunchong

of”thc  h;u,ww  in Ihc  atlteri,?r.fl<,,[crlc)n

dirccllun

lhe Iimcd-rdcasc mcchmism con-
sislc’1  10 IWO  dtuninum PI.UM  bchf
togctllc’r  h> i, u’nlr;ll ,fwlllg-fowfclf

, nul Mle,lLe ,“ ,r.”. “,,1,1”, do”,  . . . Imply on.
tire,  ””!””l  0,  ,“. N,,!!”,,”,  Mo!,!!.  F,,h”,,  a,
S“,”,<” NOAA

ma~nchtium  boll.  onc PI;  NC. bad  tm.Ir

Iapcw.d  c, IIncr Ix)m [hut  fit  inlu  f o u r
Iw’cpluclc.  0 1 1  II IL’  olhcr pbllc.  -file

“ [ ) ”  11,1/+ <d t h e  Il<lrllcss  Icgs dlppwl

o v e r  t h e  p,)bl,  *nd over  four Wong
$+nn!+  thu[  m$islccl  i n  forcing  (he
phIIc\  npnIl  dunjng  jcllison#ng.  A l l

Iem+ons  01 the  Imrncss  am! nykm
straps  were cxcrltid  uguinst  these PUW
‘The nmgnesmnl  hell bore only the
vc.nicul  struin  d it spring  bclwccn  Ihc
( Wo plwe5

The WUII  thickness of the magncs.
ium bolt  determined Ihc imcr.nl  hc -
twccn  submergence In scawwcr  and
lhc Iinw 01 fmmkw+’  When the  bolt
hrokc  Ihcsprin!+  lorccdthc  twoplnms
apart und  rcleusmf  [hc  ..[)’”  rings  from
Ihur  pmm  Corrosion  of [he  bol[s  was
insurwf  by u central copper  sl.ecvc  that
prmno!cd  mpid  electrolysis.

The dorsal  plate to which the bar.
ncssn!lachcd  wwconstructcxf  of S mm
curved aluminum. designed 10 fil over
(hc body contour of u baby while.
An (lccnn  Applied Research Model
1’1-2  (12 rwb<>  trwlhmmer was  secured
[othccenterof this plain. and  a pnint-
MJ yellow cap mudded of high densily
p<dyurcthan  fonm wos  fiItcd  over tbc
trwv+mlttcr  for flotutmn,  Foanl  nco-
prcnc shccling  was glued  to the ventral
surface of this  plate MI prevent chafing
(he whale’s skin.

To fasten the  harness armmd the
a n i m a l ,  the Iwo htdvm.  conncclcd
vcmrally  to the  tlmcd.rclcusc  mccha”.
nwu,  were slid  under  the animal  and
the pcc!oral  Ilippcrs  inserted through
the harness.  “rhc  rudio,  float, nnd plate
w e r e  placed  cm  the  dorsul  midline,
imdmch  hurncsshdf  was pulled tight;
t h e  approprimc  rows  o f  Eromnwt$
in IIIC. hnrncw  were filwd  over bolts  in
lhcdorwl  plate  and  the nuts Iightcncd
duwn.  Then  the C?XCCM  rows  of grom-
mets were CUI off with a knife snd [he
hcmvy  n y l o n  sIraps  secured  ir)  place
awl  similarly trimmed. f:imdly  straps
Irom  (he  11o:H  were nt(achcd.  and Ihc
cnll wm Imdy  m lx Immchmf  10 i[s
mollwr  I’ifwrti 4 show+  the harness
:Ind Iwf Io in PIJCC  os the rchmwxl  cull
it>,tw it, mttthcr.

TRACKING At.lfl
HARNESS RECOVERY

Tlw [hree  h a r n e s s e d  whalm re-
mained  within n fcw hundred meters
of their rclcuse  points (SCC Ftigurc  1)
VISUUI  trackingin  doylight  W:IS  grcnlly
wsisted  by the bright yellow  IIWII  tind
upper  harness which were  t,isiblc  eve”
a foot  m two undcrwutcr.

In (he  first release, after some time
i n  !hc water,  the calf swam purpose-
fully toward the l.(mww, mrncd  on
hcr s i d e ,  a n d  rubbed  Ilw harness
against  Ihc hull and keel of [he boal  --
breaking the float  partly  loose. rclmw-
ing one  “D” ring. imd  snapping the
libmgkm  rwfio unlcmm.  Trammissicm
of ritdio  signals immcdinmly  cwm!d.
This damage  could  huve  bum  PI’cvcm-
ctf b y  our  malntaintng  a grcawr dls-
tancc’  trom  the harnessed animal. The
umcd.  rclcnsc  mcchanisnl  conmint!d  a
5-hour  bolt  w h i c h  had not  relcawd
by the Iimc  darkness  fell.  The harness
was  recovcmd  2 days later  tn vegtx  J-
ticm along  the  clumrwl  edge.  ubout  ?
hm frOnl  t hc rclctwc  poi 111.

The second relmw,  tinwf  for some.
whm Icssthnn  5 hours. wcor tlawlcwly.
Includlng  radio  Irach  IIIg  ;md  Imrucss
relemc..

T h e  thud  rclcusc  WAS  Wmncd f o r
20 hours.  wulh  !racking ovcro  fight
f r o m  Ihc’  LtutwIII.  To assisl after dmh
should  [hc  rudio  m~lfunctmn, a wah!r  -
prO1>f hfcJuchcl  ll@t  Wlls  fi\cd 10 [hc
IIO;$I  “ihough  buth  mdw  tmd  lIghI
lunclioncd  al rclmsc.they f~ilud  bclorc

61 62



Flwr.  4.—MMh.r  and  you”.a  s“tmml”s  with h.,n,,s  ● nd ,,dl.  !“ Phcm

dark, and !he animal was  lost during
Ihc night.  However, shortly after dawn
I he released harness was found floating
u,ithin  60 m of the vessel. Details
of [hcse  releases and trackings are
prmented  in Table 1.

Dlscusslotd

The capture nlethods  described here
i,,r suckling gray  whales are remark-
.,hly  effective and simple. Excepl  when
!hc mother is under the  pulpit or at
I IN. edge  of shallow water, [he methods
wcm relatively safe. Given enough
+hipbward  power the noosing methods
\\m”ld work with larger animals,
though  the sheer bulk of an adult
umuld  make any movement by the
,t, hale.  purposive or not, dangerous.

~his  would certainly be a prime con-
+dcration  in any attempt to affix a
h:ir”css  on an adult.

The harness described here would.
,$ ith minor nlodifications.  serve nicely
for short-term tracking and instru-
,nwn!a[  ion  of small gray  whales. Be-
Ltusc  a whale  attains  66-72 pcrccnt  of
II.  adult  size in the first year (Rice
,md Wolnutn, 197 l), growth during
!hc  iirst nlcm{hs  i s  cxtremdy  rapid.
ti;mwsscs  for periods of nlore  than  a
it cck must  therefore include a device
I h,It  allows f<x growth  bu[  also  keeps
., constant  icnsicm  a“d locks  i f  the

T.bl.  I.—tt.m..mlnm yd trmcki”a .1 wv h.1. ..1”9s.

Animal Pla””ed WI;::;;
number G!,lh  L~m;th  b;! ;tln

Data nnfl  name Sex (m)
Beaching t.

(ml”) release (ml”)  Tracklna

1/27/73 (l) Cml(a)  F 2.41 4.20 5* Y)* 37* 4 II,,  45  ml”
track  .,.1,,,.
time  .ncemm”

V2~73 (2) Lee ; 2.11  420 14% 3 h,.  16  nun
1/29/73 [31 Baja 2.51 5.16 2:: X: 8 * 17 hr. 23 mi.

10 ha,”.,,
recowerY.  lime
to ,.1..;.
umerlain,

animal rubs the harness against under-
water obstructions.

Another concern on any long-term
track is abrasion of the harness. The
purposive rubbing of whale No. 1
against the capture ship and its mother
caused damage to [he radio antenna
and serious abrasion to the lower har-
ness legs. On whale No. 2 ihe abdonli-
nal legs of the harness were abraded
through the girdle fabric and into the
flat nylon strap in several places, even
lhough  the animal wow the harness
for only 3 hours, 16 minutes. Behavi-
oral observations suggest that  much
harness wear results when the baby
rubs against the  barnacle-covered
back of tbe nmtber  and slides to one
side as she  surfaces. None of ihcse
problems was  nlmc than  very nlim.rr
in these  Icsts. But clearly hmg-ternl
tracking wiib  increased expctiure  to
obstficlcs  along the  nligra[ory  p~[h
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will exacerbate these  problems greatly.
More durable materials, such as metal
or the stronges[  fabric, and more re-
silient radio antennae will be needed
for successful long-term tracking.

The release mechanism dependent
upon magnesium bolt corrosion worked
adequately, but variations in waler
temperature and salinity could un-
predictably alter release lime. Long
release times  (more ihan  a week) may
require a new system. such as [he  use
of electroexplosive  or electronic re.
lease mechanisms (hat  might  allow an
operator to release [he  harness upon
command.

Harnessing is probably the  least
injurious nlcwu of attaching instru-
ments  to cetaceans, and harness place.
mcm around the pectoral flipper area
is probably op[imal. Pec[oral  place-
ment insures maximum exposure of
the  anlcnna,  minimal body movemcm

during  swimming. and  relatively little
change  in girlh  during  diving.  I-lmhw,
when physiological data me to he tak.
en, most important vital areas (lungs.
hem,  brain) are nearby.

In our opinicm  p a c k a g e  volume
could be relatively high.  providing ii is
weigh[  compensated until ncvwly  iso-
stalic.  A baby  whale  mighl  well carry
15-20 kg of instruments property
housed and shaped m reduce  drag.
Instrument placement is probably best
just above or between pectorals where
it would .ause the Ieasl disequilibrium.
In these  positions it would h> most
difficuh  for the wbide  to r“b the instr”-
menls  loose. An)’ such package. of
course, would have m Lw strongly
protected from impact and abrasion.

Tbc  harness used here was designed
with  a float at !hc top  to suspend [he
antenna with the harness hanging be-
low so that when cast off it rode easily
with the  antenna  in the vertical posi-
tion for good transmission.

In conclusion. the  first steps of whale
capture and instrumentation have been
taken, but much renlains  to k done
m transfer $be  methods m (1) long
term  trackings. (2) other  species  which
must be caught and handled at sea,
and (3) adult whales.
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WEW TAGGING AND TPA~NG  KETHODS  POR TIO? STUDY OF

WAAINE  tmMMAL SI1OL.CCY MD WIGR4TIOW

Kanneth  S. Wsrrls,  Hlilhm E. Evans,  and G. CArletin  RhY- .

ManY aspects of our kn@ledge  of maxine m.amsal  biology, includlng

t.lkaae  important to management. rest upxt shaky ground. TMa is not at

all surprising to those 0 f us wlm at.t~  to gafher  such data. particu-

larly  upm the own  sea. It simply isn’t easy ta work with these olu-

nive. often bulky creatuma  fmm  the unstable  platform of a ship’s

dock . In fact, it is remarkable k. ah we have been dble to learn

about the large -hales, for instance, as rnst data have hen  drawn

frcm the nonrandom  .mampl  Inq of industry. Crucial  *h, especially on

population identity and nmvaments,  reudn GY be gathered. This is as

true for mar I.na — L  wpulations  of p r e ca r i ous  status  as for ex-

Ploltod SpCCi.98  . This papnr concorns q new approaches that we fool

will soon allow a freeh look at tho biology of marine —1S and tbt
will lead to better Infofmtio”  o“ which to base managmrmnt  practices.

One of the most needed deve lopnenta is to design htter instru-

mentation for tracking and telemetry. A vital past of any population

study is information on uc.vmnont  and overal  1 range. Without such ln-

fo!mkation  it is Impoaslble  m a.waesa  the dlscrataneas  o f  v a r i o u s  PWU-

lations. Such data  are  basic for manaqcment  on a sustainable yield

basis. NOW of oux knowledge of large -le migrations has coma

through the use of Di8mvery marks+llm.  number~, mmtal cylindcrn

@hot into the whale (Brown 1962) . rata fmm these marks are llmlted~

they are uost useful for age and growth, but not so useful in deter-

mining movmncnts.  since only two pints on tho whale’s track can be

recorded, the pint of marking and the point of death. Yurther, these

~ @nts are Of tOn ~ tie m wwrwhlc mrea, since wet mmkinq

ham baon done .“ the fmdi”g qrounds w&t-u the catch La alsa made.

U3
Q3



3 % Mmkus, awdis, Am SAY

Only rather recently have many marks k-sen placed im whales far frmn

tha high latitudes (Site 1963; Clarke 1962)  . Even so, there im doubi

6taut whether rorquals (Balaenopteridae)  regularly cress the equator

(Sli jper, van Utrecht. and Naaktgeharen  1964; Norrim 1966) . It ia

almo uacertain  what routes mat aprcies travel. in their nnvements

toward the equatozd whether they feed in temparate  or tropical ~

waters. Mreover.  for most species there are few data which adequately

strew the degree of mixing of the various  migratory populations. rmwbin

(1966) describes the mixing of various stocks of Aatarctic  humpback

whales, Hegaptera. Next W rnthing,  lmwever, is known of c.xmnercial

species of whales in the warm-water gxxmmds  of the open sea. To

cliirify these impxtant  guestions, w need ta trace the paths of

whales vith repeated fixes on marked individuals.

Scarcely anything is known of the movdments  of sma+ll  ~rpoina

and whale schools, except for tiose species invmlved in mirmr fisher-

ies, such as tbe pilot whale Globicephda  (Sergeant 1962) or for 6pe.-

cids currently being radio-tracked [i?vans 1971 and chapter la of this

volume) . The increasing imprtance of potpoi.q.gs in CXXMUeKCi.11 catches

or as adventitious kills in the tuna fishety (Perrin  1970) UIak=s the

need for such data very great. It is reasonably cepcain  tht most of

the smaller odontocetes do not migrate such hemispheric distances as

~=e b~een whale6, but it is also cartain that in -Y places their

local occurrence is seasonal; swh data exist only for a handful of

10ca3  ppulationg  , At this &oint it is fxuitleas  to ask how big the

PWmlation  of a given porpoise species  might ba, what its recruitment

is, whether or not its schools are units having temporal a.ntinuity,

or what the natural fecundity and mrtality  levels are. It. ti M&

~Pfi-t to learn to track thes+e ~iIMIS ~t on tha basis of

* Fc.ints  along their mute, but in such a way that schcul titer-

mixture, migration paths and speeds, 6nd ~pulation  nuubars  begin to

become evident.

Finally, many other aspcta of natural history art! significant

for informed Inanaqe.me”t. One needs to know about growth  @ metabolic

relationdIiw  in conjunction with know19d9a of fucd suurces  and foad-

ing  bahavior. W* need infomtion about, disconti”mus  distribution

TAGGING AND TSACKING HEITIJDS
- -- .,..,. .

as related to hydrographic features dad primary & secondary produc-

tivity. Such infomnation will help to determine *ether localized

exploitation decimatea a Fapalation, or whether wider areas of the

“oca?m must be managed. In addition, O= needs to &w when and where

mating und calving take place, and - cracial enviromnental health

ia to whale Ppulation health. Must l&phck: came ~nti shallow

‘water to breed? Where do young gray uhales (Eschrf chti us mbustus)

go after birth (Rice and Wa3man  1971)? Mb@ happens to breeding

structure tien familial or school relatloashipa  ain disrupted bj

htasan exploitation? What factors influase infant umrtility?  A

“6* “on gathering behavioral data wa9 de on camivu prpoises

over &a decades ago (!4cBride and Hem 1s48) and much has been learned

since. but precious little has been gathered f mm animals in their

mtllrar habitats. Hence the technology of data-~ck  design and at-

“kachment to marine —la is of much importance and prauises to pro-

‘fiiie-  “&verse  and valuable information.
-.—.. . . . . . :-.

We will discuss three separate d~es that are either owra-

tional or in design stages at present. C.mmun to all three is the

“*wing of marine macauals with data wcka and/or radio beat-ans,

‘-ZiIC3%iS  ii our sub jec’f “hi% 1’” Ueihodr *= fitni the use of radios

tm”’=irr cetaceans for subsequent tracking by hat or aircraft tu

C@PPiI19 DWiIW mamn.ls with recoverable packages for data frw

81i&teti time perials  and b instrumenting large whales for satellite

‘:ficking. There ‘-”e m aspecta  which we will ‘ME discuss here;

“:theai  are the r. f .’ liak, i.e. transmission of signal, and the re-..=e=i.+=tm ~i~.&lf:- %ih-of the<e &s=rv’c” special  ‘coniider.a-

‘Sfon, and iheir ex”~iusfcin  here is ME tz. imdicat; their lessex  im-

‘=i; - liowe+er~-they  are problems rnre- ei.ictm-nic  this strictly

-biologiczrl, hence their lesser @mphasis here. -= -. -.
-- =-----

Radio-Teldetifc  Studies of Small Odantoce-Ee ‘Cetaceans
— . .

. lhe possibility of accomplishing  tba  tasks  prwiomly dhcuased. .

mukl  ham  hoen npeculation  tan yaa~” •~. TM fcuirtiility of agply-

lng Sma of these tacbniglms m the Stndf of -in. ~s in the
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field tan now been dewnatrated  on a few qmcias  of small odmtocetam.

Technigucs for the capture of these animals, daveloped principally by

several ocoanaria, hava made Pssfble t.hm  ● ttachment Of instrmonts

to them tir subsequent radio or acoustic mni~rin9.

I&din-beacon circuit designs, successfully used for several years

in the recovery Of untethered instm=nt z-kw- at - (~lfi M’f
KannY  1971), provided tha baflis  for rad~+a~in9  ~d *ta~nL~ring

of delphinid cetaceans (Fig. 19-1) . uithio the past three years

several conmmn cblphins (Delphinus  delphis) v two PilOt WhA14S (GlObi-

cephala  scammnil  , one killer whale (Orclw orca), ad Ona Hawaii-
spinner porp.oisc  (stenella cf. Iongimstris)  han hen  s~cas8fullY

trackocl  at sea. m-m Dclphinus  M a r t i n ,  E=ms,  wd ~wera  1971)  ~d

the Stenella  (Norris and Dohl, in preparation) have been followed fOK

as long as 72 hours. l%e Stenella trackirq wan accca!plished with the

f$@pnt descrtied by Martin, Evans, and eowczs (19711  .

In addition to determining the movaents of them individual,
it has been pesible to obtain the nuxkmum d.=@hs a~icved  dUrin9 ea~

..; -—--~-. .-
+“”

>-

\,
. . .

&’--”
x,/=’ ,’ . . . .“.>* u

FIGURE 19-1. A &rs.d  fin radio-beacon ti cafriad by D.91phinus de.l-
vhis. [Pb  toqraph  by tha  u  . S .  Naval llnda  Reseuch  arki Oevelopmnt
>enter. )
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dive by telcmmtxy  (n.ans 1971 and Chapter 18 of thio wulume) . M an

11 Iwstratlon of the fmt entLt2 of these technique, eapaciA31y on the

larga wwea, a gummy of mms’s  resu.ltm follows r

(1) Scfwal a of D. delphis follow and dive over prminent

f aaturea of the ocem bottom (aearamts, esafpwmtm,

Canyuns) .

(2) The depth of umat  D. delphls dives ia C1OOO1Y rnrre-

Iatad with the depth of the vertia21y  migrating, dtep

scattering layer (DSL) .

(31 Hard nvvements  of D . delphis  appear  to cormlata  well

with  seasonal shifts in ~pdat ions of certain  Pish

mmh an the northern anchovy (Engraulfs  -rd8x)  and

& paCif iC haka (H~l UCCiUS JMmfuct”s) .
(4) Ni+wwh  herds  of D. delphis  my spend several .3aYa

lo a restricted arm, movements of up - 1S0 to 200 mi

_ - in a 48-lxmr period occur.

(5) ~w-nt and dl.ing bth.tvior  of D . delphis wtriem
miqnif icantly  as a function of light-dark cycles.

Data such as theme exemplify Imw Inf.anuation  on niche and hkbitat

may k d=tmmimd &f ualng telemetric techniques.

Natural Hls&aw Data Packm for FLafina ~lm

h addition b tracking antis over long periods  of kima,  thre’

am speci Pic shorter-term noedn. Iofonmation  on behavior and physi-

OIW is needed for single dives. The carrying capacity of *8 en-
vir.anment  for any anti ~pulation S.s de~ed tn a groat  ‘&tent

by feeding behavior and truphc-enezgetics. The Opt fmllm  way to gather

such data fa to romrd ovar shorter porlcds  and in mm detail than

the aforementioned technique of radio-tracking all-s.

Soma wrk with data packs ham bc.sn dane by Da vricm and Wah3-

achlag (1964) and by my-man  (1966) , wlm record.ad  dives of unrestrafn.d

Weddal 1 eeala (Lepfxmychxas) undar  Antarctic Em ice. Progress  id

telcmiatIy  (Me  clay 1970 J Fryar 1970) i“dic.tes tit  ● m~rding  fnstru-

mant package  auld b4 deve loped to remrd  ewvar.1  data  chmutds  for

o
a
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FIWPE 19-2A. A recordinq  instrument pa&age containing a tam retarder
for recording both internal and external ~ratures from an unfe-
strafned pinniped. External leads to thermistors (not skvn) are
plugged into the bottim of the pack. A receiver pick9 up tran=nission
fran  an internal pill. The entire pack is placed in the n~Prene
sleeve for protection. (G. C. R. y pbto!?raph.  )

1
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FIGUPJ3 19-2B. A radio pill for transmisdon  of internal tr.waratufe.
The pill is enclosed in steel  and mated with silastic.  The antenna
is a dipale. Shown dove the pill are tk transmitter (which is stnble
under changinq  rnnditons  of tcdnperaturo  & vultaga)  and the batteri~ -
(G. C. say  plmbwraph.  )
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later analysis. ?rormida.ble  pmbla9 of ~niat~i=tiOn a= PA~i~lY

obviated by the large size of most u=ine ~s.

UCoxdingly, in cooperation with OceaA APPliti  Rese=*  COXPX~-

tio” of San Die90, California. we baWJ desi-d  ad built a data ** ‘

(pig. 19-ZAI  the p-se of which is to make hour-long =Mfiin9s

ffm free-swimming animals. A snmll tape remkder cdnprises the bulk

of the &tA pack and determines the di-ter of the tubti- Plexiglass

~usin9, tiich w+ have specified for 600 m water deP*. ~ ~~k ~

the titi pack svitches  it on at a preset time. WhCreUWn the *- me

recorded  on taPe. After the dAta pack is retrieved and the twe re-

~v=d, demodulation of the data is by a deck  m~t md s~iP*~~

remrder. Package retrieval implies the inclusiOn Of a r- ~a~n

as a f eatufe of desiw.

2qIe tdp.e recorder largely determines the lewth of rarnrti9  ti~ -

such data as temperature my be recdrded  digitallY,  md -PO s-cd ~Y

be slow. However, we also wish to record in situ sounds made by the

,tdmal, and this must be  &ne as analog, for tiich t- SV4 mwt be

much faster. A major design pz=bl~ is ~niat~izatiOn ‘f the *W

recdrder for longer operation in the analog tie. our present data

channels include three for external temperature (tw’a fOr ~~1 skin

swface Wd WLMUrf ace. one for ambient watef or Ar t~~ratu=e)  v

and a fourth for calibration. In dditidn, a rddio Pill (Fi9 - 19-~B)

transmits internal [s@~~) t=t+=ature.  w~ch tells * ‘iLngs,

COre temperature and f eedi.ng  (by a sudden dMP in tie t~rat~

tidicated)  .

Mernal  temperatures are recorded by means of the~ismrs On,  ~

wire leads. A difficult problem cOm=e~s desire Of “pill” t~=ra-

HXe transmitters with sufficient stability a.wihst  =Kiations in

both voltage and the temperature of their suravundings. some prevl-

ous studies present data which appear  Suspect, but in wev  f- ases

iim sufficient data presented On the elect~nics ‘g cirait~. ‘iii

stability is discussed by Fryer (1970) , and waft~k,  RAY, And *tin

[in press)  discuss el.mtronic  design probl-s  of this sort.

~t~cbnt of tfm data pack is by a haSAE=S ~i~ hs= hen

developsd  for pinnipeds (F199. 19-2A and 19-3}. SO* Ot~ild ad
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FIGOP& 19-3. A Stell.xr sea lion, Eumetopias  juinta,  wearing the
recording instrument package sh~ in Fig. 19-~.
de Oe tiut 200 kg.

me anim.m 16 a
(G. C. Ray plvtograph.  )

p~cid seals cm carry  relatively brge PAcktges by this mms. At- -
tackment is a Punct ion of body size, eh~, and cmpecial ly flexibility.

The Package illustrated hero is relatively simple electronically. I%a

MjOr problem iS one of design and it was believed wise to 801w plub-

l~s Of attachment, durability, and tr~dssion f~m tie ~tema~

Pill before adding other .chamels  such as for heart rate, svirdnq

speed, diving depth, ~d the like. -Y Of the9a datd are ,abt,l.al.
wi~ Prm~ant  technology and  with only a undarata  fncream in mize of

tha dAta pack. Al@o ~t b k focyottm  ● CW ● nvitu~ntal  tits such

as aalfnity, light levels, and other Parawters *ich PKOVfdO  ~~~

tit  environmental correlates to behdvior and phYskIIogY.

Tracking of hrge Cetaceans

Schevill  and Watkins (1966) were the first to attempt rmlio-

tracking of tny cetacean. ~dio beacons uera attached frun aircraft

m unrestrained adult riqht w~las (Eu~~~eM glacialls~ ‘iti SI@l

dams fmbcdded  in the blubber. However, m whale tracks warn  obtained.

A system is now being assembled that seeks to calve scam problems

imdved  in tracktig larqe w~les # ad it iS ~Wd t~t tra~s ‘ill ~

obtatied  from anima-1$  over considerable periods of time. The d~ta

psckage is being designed by Robert H. @oa.arI  of the Franklin Insti-

tute Sesearch Laboratories, Philadelphia, California. The harness

and capture and attachment techniques are being developr.d  by K. S.

mrris. Nowk-xn mystlcetes are much e.w+ier to catch than adults,

being little larger than name odontocetes  that are caught for Ocean-

arim  display. Gray whales havo tvica been successfu31 y captured

(Sobati E18ner  and D. W. Kenny, pertxmal .xmmunicat ions) , and one

hmpback whale calf has been maneu~r=d  aWY f- its ~*ar ~d CW-

tured by tile Oceanic InStitUtO (Fiq. 19-4). It seems probable that

young of other whale species would IXI feasible to capture, eapecia31y

the sperm whtie, Physetar,  and the slow-mvirq  right whales.

fin capture of *. M-aptera ~va-@lae  ~lf =c-ed OIS 18

February  1970 from the S/V Nolokai a faw hundred ❑ aters off Sandy

Bead, O*U, fL3waii.  Tho mother and calf were pursued Wtil *e

calf *an to stay at the surface for rafdtively long pariods. Then.

as. the boat came near the pair, the calf veered  awaY  f corn  ltE mt~r

and came to the vessel’s tow where it stayed  while the coil-tors

attempted to place a net over its head. It PXU~ ck.tile, ref uaLn9

to leave even when the rnllectors  entered the water to adju9t tha net.

t%.  Cdf  was  b r o u g h t  *trd,  maasuc~  ( 4 . 6  m  10nq). p~~aphed? ad

r.laaa.d  G=. tha mw, *ich remained n@SW. tin ~0 c~f w*~ Pl~c~

back in ttm watar,  it ● gain ramainod  C1OSC to * 14alokal, of-n

touching tha hul 1. Flma31y, it waa lad w thm COV, uit-~ ~

I
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V.SCtOr magnitude, light level, heart rate, MY t~Peratura, amus~c

output, and water -nductivity.  Thase will be re~fied fr-ntlY

md BtOred either digitally or an a Continuous analog on a Spectrua

rwcmrdcr.

Conclusions

l%e central point we wish m etress 1s. that these electronic

methods bid fair to provide data akwut many aspects of marine memmdl

biology which are otherwise unobtainable and which  are knumrtant  tO

management. Wildlife mdmgers  should achieve closer liaison with

tioSe develOpinq  these systems, so that information ptrtinent to their

p~blas cm be obtained. Further, these methods, thouqh still ex-

perimental, will certainly bo improved with use. Only a few workers

arc developln9  these W.IYS of gath=rin9 data frOm ~rino IMUUMIS. NOta-

bly, Or. T. Ichihara  of the Far Seas Research Institute, Japdn,  b&s

tested a high- frequency sYst~ (160 MHZ) on a marina tu~le (lchi~ra

1971) which should  SO.= Produce useful results  ~th Cet~ce~s.

TIE systems  described here are not the only potential new tcmla

for tagg inq. It is ~ssible  to mark cetace.ms for visual racoqn.ition.

Perrin and Orango (1971) havo used spaqhotti tdqa Successfully in

atudyin!gtenelld  in the tropical eaStcrn Pacific. DISc tags IUVO

been  in use  for some time (Norris and Pryor 197D) . In addition, Evans,

Hall, Irvine, and Leathervood  (1972) have marked five species with

discs, plastic straam.rs,  and by freeze-brmdinq.  Such marks arO

often visible for considerable dis~ncas  at sea. However, it has not

yot been possible to provide a visual tdg that cdn record ccIUpleX

data for a remote viewer to see. It must also be borne in mind that -

many cetaceans .alre-ady  bear individually distinct markdor example,

scars on the qray whale and the head murkinqs  (including tia ‘bonnet-)

OF the right whale. Nevertheless, in all cases lnvolvtig a visual

uk, long hours must i= Sp-tnt at sea in close P~x~itY tO ~~ mi-

IM1O, and this Ig often an kmposaibility given the inconsistencies

of veather  and sea state.

Srandfng  of UIUA1l odontocetea  was noted ~S auly aS 1953 (~1~

1960)  . Freeze brands, made by an Iron cuoled in liquid  nit.roge”

Or ~OtiOr  stmn9 coo lant ,  p roduce ,  on  odontc.cetea  at laamt,  ~

vm’y  diatimt  white  scar which ia eanily visible at sea. Such marka

- b as large an the fin, in the form of nombera  or aymbla.  They

rdn visible since the porpise*s  skin reuains fres of algae md

other orqanisus. flrand8 placed QI-I captive Stenella  at the  Weanic

Institute, Hawaii,  by Thomas Cmhl at this writing have persisttd for

four years . Norris ard cd-d are considarinq a band-held laser that

might dl low pl acdment of coded marks  without capture of the animal

fnvuLved.

llte idea of an aqe-specific mark is also sound. Thin would in-

volve the injection of a marker canpourd  from a Discovery-w  mark,

filch till provide a vintile  band in kanen or teeth durkq growth.
2n rnnclusio”, we need not ha 8fIt isf ied with present methcds nor

detdrred  by the expense and difficulties of new mmtfmds,  NOMO of which

are still being designd. It is C16U that the data w nedd in order

ti understand whale  biology nwme fully must be obtained in “~ ways.
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AN IVAI.[JA’lWN  OF ‘1’lK1iNIQIJM  F(X{
‘1’AGG[NG  SMAI,I. (XX) N’I’(XE’W  C E T A C E A N S

A, l;~llVINl:,’  [/. S. Wtll.!  l.’  ANU M. [),  SCOTI”

AIIS’1’RAC’I’

Cetacems are difficult tu study in the field. Most
individuals move nlmost  constantly, rise tn the
surf~ice only briefly to breathe,  and are difficult
UI differcntiatx  from  conspecifics.  To fwilit  ate
individual recognition, rcscwclwrs  huvc dwml.
oped  several tagging techniques and tested tkem
on small  odontoccte  cetaceans. Nishiwaki  et al.
( 1906) plmwd streamer tws on cw]tive  rough-
toothed dolphins, S/e JIo  brcdunvj~sis,  and
concluded that none  were  effective. on the ol.twr
trend Perrin  et al. (1979) rccmwrwi  spd)etti  taim
annlhcr  type of streumcr,  f rom free-ranging
dulphins,  .$tr,MJII)  spp., i n  the czstern  tropienl
Mcific  UP to 1,478 d after attachment. Roto  tags
were  plnced on the spotted dolphin, S. atfr~~uu(u.
a n d  one marked individutil  was r e p e a t e d l y
identified from a wmisubmersible  over ii period

of 3!4 yr (Norris and thyor 1970). Evans c1 al.
( 1972) successfully used radio trans,nitlers.
Inrge  plustic  “button” lugs,  spaghetti  lags, and
frtxue  brands on u lotul uf five species in the
1 ‘acific  ocean  and ( ;U If of Mcx ice. I matlwrwood
:ind  Evans  (1979) IMve rmcntl  y reviewed dmwl
opments  ami  uses of r a d i o  tws on  cctwwans.
Irvine  tind  Wells (1972)  r e p o r t e d  t h a t  a n

. ..—. — ..— .
M :Nwsv  t W(  WW,3,S”I  .! UI,  \!$!41
t’l  Sll Kli  Y 11111  .I.EV’IN \,(ll.  till  N<>  1, 1!$%2

i m p r o v e d  butkm  tug was sighted 3 mn after
atV~chment  to a bottle nose dolphin, Tu rstips
ttw  MYI(US,  near Sarasota, h%. Despite all these
in~pr’ovcments  in tagging  tcchnolob~,  however,
1 iltlr  information has been available about kmg-
tcrvn effectiveness or affect on the wearer$  of  any
tyi>e  uf Pag.

T h e  tqxi nfs  prn~rwrl  nf Irvine and  We] I s
( 1972)  was  r e i n i t i a t e d  in  the same area in

January 1975, after a 4-yr lapse. (Jsing  radio
transmitters, vismd  tugs, and  naturul  mtmks  we
studied the movemmt.s  and  activities of bottle.
nose dolphins. Retwcen  29 J:muary  1975 und 25
J UI y 1976, 47 dolphins were captured. tagged,
and released a tntal  of 90 times. A summary of
the bagging program and an evaluation of the
tagging m e t h o d s  used ure  included b e l o w .
l)rtuikd amdysis  nf the tagging program results
is Iwewntcd  by Irvine cl  al. ( 1979,’  1981).

Ml? ’l”HO1)S

The s tudy  wtis cunducled  along  40 km of
cwwt  south from ‘1’aml~i llny,  Fla.  The study area
includr{i  shnllow  ckanncls  and bays hounded by
a  ch;lin  of Imrricr isl;!nds  (NOS  Chiirt No.

—..—. .——.
‘iI,v,,,,,.  A. Ii., M 11. S,{)11.  l{.  S, WAI:I, .J. N Kntnftmmr),  and

W 1: I:vwn%  1!17!1. A slmlv  d 11,*. movwnmls smd m,tiwlws
of lhc A[l,ml!c Imllkmosc  ddlll,!n,  ‘I’llr. t,v,. Iw,w,,(M,  in$lll{l  -
,,w ,W w,,I,Mw,, or !W:NUW hwk, )wum Awuihd,l’,  N:il, ww.1
Twkmd  lt)k,rnl:ttwn  Service, )> .,f W“ Pwl  Itoyd  Rum],  Sprir~*
(,,4(I,  VA Mlhi  m 1>11  2!1S(  1.12,  M II.
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11425). Dulphins  were  captured by encircling
one to nine animals with a 455 m X 4.5 m net
dropped from a fast  moving hnat  in shallow
w,ater.  An inner  circle  enclosure method (Asper
1975)  ,VaS  USW1  to minimize esctapes.  The  inner

circle  was parlitimwd  so that individual dolphins
eauld  be  isalated a n d  e n t a n g l e d  w i t h o u t
c o l l a p s i n g  tlle  mr(ire  net  on remaining animals.

Tangled dolphins were  removed from the net
and placed for tagging  in a stretcher, usually
held in the water alongside a boat. All animals
were  sexed, measured, and photographed before
tagging. Previously tagged dolphins were
examined and  retagged  as necessary before
being  released.

The study area was surveyed as thoroughly as
possible at least biweekly in a 7.3 m Wellcraft
Fisherman5  boat equipped with a 3 m tuna
tower. All dolphin sightings were recorded
during 228 surveys photographs were taken to
facilitate identification of tags and distinctive
dorsal fins.

Radio Tags

An improvement (Model PT 219) of the radio
tag developed for small pelagic cetaceans by
Ocean Applied Research Corporation (Martin et
al. 197 1) had not been tested on T. truncatas  In
our first efforts, the transmitter was attached
with plastic straps to a foam-lined fiber glass
saddle and secured to the dorsal fin with a
stainless steel bolt through the fin,  Because
saddles provided by the manufacturer were too
small for most T. truMcatas,  the transmitters
\vere  attached to fiber glass saddles molded by
the authors (Fig. 1A, C). The saddles were lined
\\,ith  open cell fwam  to protect the animal from
abrasion and to allow water circulation for
thermoregulation.

Transmitter saddles were attached using
techniques developed by other i nvestigaters  (see
review by Leatherwoed  and Evans 1979). The
first seven saddles were attached with single
bidt.s  through the dorsal fin. The last three
saddles were attached with bolts fore and aft to
provide greater stability agtainst watxm  flow
(Fig. lC). Spring-loaded bolts with dissolving
nuLs  were designed to release the saddle  and
transmitter from the dolphin sometime after the
1-2 mo life of the lithium batteries.

‘V{,fcrcncc 10I trade  names  aloes ml imply  crdorscruent  Iv
I!,<,  NtitionA  M:trinc [isherics  Service, NOAA. or the U.S.
Fish and \\’ildlilc  Swv3ce.
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Ten radio ta& (designated RT-1  thrnugh  RT-
10) were attached to dolphins between 29
January 1975 and 9 June 1976. The RT-1
transmitter consisted of a single 35 cm long X
3.7 cm diameter tube with a 63 cm high spring
steel antenna on the forward end. Transmissions
from RT-1 gradually failed within 2 h, ap-
parently due to saltwater leakage intu the
battery case. Cause of failure could not be
confirmed because the transmitter was missing
from the saddle when it was sighted 2 d after
attachment. Transmitters on subsequent radio
tags were. attached to the saddle with bnlted
aluminum plates (Fig. 1A, C) instead of plastic
straps.

The transmitter antenna on RT-2 was ob-
served to be broken off at the base 5 d after
attachment. Consequently, transmitter pack-
ages on RT-3 through RT-10 were modified to
two tubes, 19.2 cm long X 3.8 cm diameter,
connected by copper tubing at the forward end.
A flexible 42.5 cm high whip antenna extended
vertically from the rear of the starboard tube.
The tubes, with transmitter assembly in one and
batteries in the other, were bolted to either side
of the saddle, and the connecting tnbing  was
solidly encased in fiber glass (Fig. lC).

Visual Tags

The button tags described by Evans et al.
(1972) had proven not to be durable  on Z’.
trwmatns  (Irvi  ne and Wells 1972). Therefore, we
elected to try rectangular fiber glass  “visual
tags” (Fig.  2). These tags were 10 cm X 7.5 cm
and made of 0.4 cm thick yellow lam  inakd fiber
glass with 5.1 cm high black tape numerals
epoxied to the surface. Each tag  was  held in
place by Teflon bolts w ith stainless steel washers
and cotter pins. The bolts were placed near the
anterior edge of the tag to produce a streaming
effect as the dolphin moved through the water.
The bolt hole was bored through tbe fin and

cauterized with a heated rod, and  shwathed with
Plexiglas tubing in the same manneras  for radio
tags.

Double bolt tags,  also yellow  rcctwqdes  with
black numerals, were cut from  O:2cm  thick fiber
glass and varied in size from 9.0 em X 12.9 cm to
10 cm X 15 cm, depending nn the size of the
dorsal  fin to be tagged. The Lmlts  were located
near  the anterior and posteriur  edges of the tag.
Numerals were  7.7 cm high. Because cutter  pins
had shwared some nf the ‘tlf Ion Ixdts  nn single

FIGURE  1.—A. Single tube transmitter wilh spring  antenna forward (cmdolphin  RT-2). B. Dorsal  fin 8 moafter  transmitter in A
was  attached. C. Twin tube transmitter z?semldy  with whip antenna aft. Dissolving nuts are top center and below the forward
uortion of lhe tube. D. Dorsal fin from C 22 d after  the transmitter’s installation. Note discolored, apparently necrotic. area around
~orward hole and apparent micraticm  path of toP bolt.

b o l t  t a g s ,  d o u b l e  b o l t  t a g s  w e r e  a t t a c h e d  w i t h

0.64 cm stainless steel bolts and nuts.

Freeze Brands

When first captured, all dolphins were freeze
branded with 5 cm high numerals on both sides
of the dorsal fin and on the body below the fin
(Figs. lD, 2C,  D). Recaptured animals were
rebranded as necessary to improve visibility of
existing brands. Application times of 15 s with
irons cooled in a mixture of Dry Ice and alcohol
were used to brand the dolphins captured before
August 1975. Thereafter, liquid nitrogen was
used as the coolant. The application time
remained 15 s. When possible, the skin was
rubbed with an alcohnl  swab to lower the skin

temperature by evaporative ceding  prior to
branding. Before April 1976, the branding irons
were applied to the skin with a gentle rocking
motion ta  assure even contact. After that time the
irons were held firmly against the skin without
mot ion,  and brand v is ib i l i ty  was great ly
improved. In some cases, however, partx  of the
brand did not show because of uneven contact
(Figs. lD, 2C,  D),

Roto Tags

Numbered Roto tags (NASCO  Inc., Ft.
Atkinson, Wis., Jumbo size) were attached to the
trailing edge of the dorsal fin of all dolphins
handled after January 1976.  Red tags were
attached to females and yellow txgs to males. The
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1,’IGUNE 2.–A. Smule  I.dt  VIWI.I L*K held  1>s Tcffu.  bolt and cotter ix.. Noti3  lug Iwlt  scar from 197u.71  study u Double tmlt  tag,
l(oto tug (.t  tOII  rc.r  of fir,),  111111  .Iwdmttl  MU (lower right)  C. Double bolt 1.X urI  free+wimmin~  dolphin Nom frowe  brand  with
i“cornplctc  left  digit  .“ WY I,rlow  (W 1) A IKUI+COVVWLI  ttt~ 2 m. after  inilid  irmallntiun.  Note indented area of “kin n,hcrc
w ntm flow  +:;,  in+t  tw~  on OIU.XAC  side of fm cnmwd  prew.r e.. rw.r  side.  Note nlsn  Ami’olorcd  tissue  mound  forwmd  lwlt hole
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.spaghcui  Tags

Spnghl+tti  tags ( ~k)y ‘~nK  turd  Mmsu  facturirrg,
Inc.,  Seattle, Wash., Model fI’11  ti!)A)  were tislwi
nn sumc dolphins captured from April Ill  rnugh
Junv  1970. The, attachment tech  niqa~, WIIS
similar tn lh~il  dcscribcd  by Evmss et al. (1972),
except  that the tiags were  applied to ani  reals i n a
stretcher.

Nattml  Mnrks

Some dnlphins  had disfigured or uniquely
shaped dorstd  fins. A photo catalog of these
recognizable unttwgcd  smimals  was compiled m
a reference for field identificutiun.

RESULTS

Nine hundred ten tagged  do lph ins  were
sighted; 781 were identifiable, and 129 others
were not. When field identification wua uncer-
tain, photographs of combinations ond locations
of tugs or tag remnant9  were often examined h
verify individual identities. A compilation of
tagging and sighting results is presented in
Table 1.

Radio Tags

TM  dolphi  IIS were mdio  tagged  and  tracked
for up to 22 d (Table 2). Eigkt  of these were  later
recaptured and examined. In five instances, the
saddle was lost, uppzmmtly  because the bolt
ripped thrnugh  the fin  (for exmnple,  see I~igure
Ill).  Fin damage wus  apparent 3 te G wk after

t:igging by which time suddles  no longer  fit
snugly  over the leading edge of the fin. When
leosened, the saddles titled backwards creating
an ohvieus  draw,  this shifting caused  the  bolte LO
m i g r a t e  dorsuposfcrinrly.  When RT-8 wua re-
captured after wearing a trwrsmitter  for 22 d,
the two bolt  holes hnd not healed nor appeared
infected. The  forward bolt had migrated dor-
.suposttwiorly about 1.6 cm (Fig.  1 t)), and the
saddle wae fouled with algal growth und mono-
filament line. When RT-9 wsa recaptured ufter
46 d, the saddle and rear bait were missing, but
the front bolt waa still present but bent, with part
nf the disserving nut attached. The  partially
healed wounds appemxf  discolorwt  and necrotic,
but showed no obvious signs of infection. OIdY
RT-6 showed  no fin d~magc  from the radio tag,
but  the  tag  (with malfunctioning transmitter)
was removed <8 h aftsr  attachment.

Two dolphins, RT-9 and RT- 10, developed
aberrant swimming behavior after 10 and 17 d,
respectively. Both smimals were observed to
respire without bringing the dorsal fin to the
surface in a typical cetacean rolling motinn,
ulthough  each could move rapidly under water.
Evaluation of the problem waa  impossible
because RT-9 evaded recapture attempts during
this period, and RT- 10 waa not sighted during
cupture  operations.

One  animal, RT-7, died 17 d after tagging,
apparently of causes  unrelated to the radio tag.
Necropsy  results implicated pulmonary damage

from parasit ism ~ a cause of death. It could not
be determined if the capture-taming process
c o n t r i b u t e d  to the cause  of  death.  T i s s u e
autolysis  precluded histmwathological  examina-
tion, and nn parssitcs  were  found.
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Visual ‘rags
Sixteen single bolt tags were attwbd tretwcen

January and December 1975. One was lost
within seconds, and three others were lost within
24 h. Two tags had twisted after 2 mo, damaging
the fin and requiring removal of the tag. Another
tag was believed to have ripped through the fin of
a third animal. Two recaptured dolphins had
bolt migration scars, and the tags were lost. Of 32
single bolt tags identified in the field, only 3 were
sighted more than 2 wk after tagging.

From December 1975 through May 1976, 19
dolphins were tagged with double bolt taga. Tags
were identified on free-ranging dolphins 187
times through July of 1976, and one tag WR2

sighted 2 mo after attachment. Broken tags  wet-e
observed eight times, and nine sightinge were
unidentified due to algae and barnacle fouling
(Fig. 2D). Several tags were observed to have
only the upper anterior edges broken, implying
that breakage was from physical contact.
During recaptures, four intact taga were re-
moved because barnacles on the inner surface of
the tag caused skin abrasions. Six broken taga
were removed. Bolt migration was not as
common as with single bolt tags, probably
because of the stability offered by the rear bolt.
Althnugh  none of the bolt wounds appeared fully
healed, none appeared infected when the
animals were recaptured and examined.

Visual tags were often discernible UP to  zoo m

away. The numerals were rarely readable at
distances >50 m, but even broken tags, tag bolts,

and tag scars were useful for identification nf
some dolphins.

Freeze Brands

Freeze brands were recognizable on marked
animals  a t  d is tances of  <30  m,  althnugh
photographic analysis was often necessary to
confirm identification. Some brands were
difficult to identify because they were  jncom.

ldete  nr  because of the relatively ponr color con-
[rast nf the brand against the skin (Figs. 1D,2C).

One of the dolphins captured by Irvine and
Wells (1972) in March 1971 and freeze branded
(nn botb sides of the dorsal fin) was captured
arain  in December 1975. The animal had a
rwdable freeze brand on only one side of the fin.
on another dolphin branded in the same manner
in Msrch 1971 and additionally recognizable
bvcause  of a deformed lower jaw, the brand  was
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readable in May 1971 (Et)ans  et al. 1972), but the
brand was no Iomzer  visible uunn recaoture in

F e b r u a r y  1 9 7 6 .  -

Roto Tags

From February 1976 thrnugh  July 1976, 53
Rota tags were placedon  38dolpbins,  including3
animals released with 2 tags. Roto taga were
known to be lost from 17 animals and were

replaced on 10 of them. A healed indented notch
on the trailing edge of the fin was the only
evidence of tag loss. Two Rotn tags were replaced
due h barnacle fouling on the inner surfaces.
Brown algae and/or barnacles obscured the tag
numbers on most recaptured dolphins, but the
tags were still readable on close examination.

Roto tag color could be observed from up to 70
m in calm seas. When examined photngrapbi-
cally,  position of the tag on the fin or placement
in relation to other tags or marks helped verify
identity. No dolphins were identified exclusively
with Roto tags.

Spaghetti Tags

Seventeen spaghetti tags were attached to
13 dolphins, including 4 dolphins initially
released with two tags. None of the animals
reacted noticeably to the attachment process.
Six tags were missing from four animals re-
captured 10 wk after tagging. Three tags were
removed from three other dolphins because
the entry wounds appeared to be festering.
Animals that had lost their tags bore healed

but discolored scars that were similar  in size to
the festering entry wounds described above. No
scratches or other evidence that the dolphins
may have attempted to remove the tags by
rubbing were noted. The wounds, up to 1.9 cm in
diameter, apparently were created by movement
of the base of the tag streamer on the skin.

One spaghetti tag was observed in May 1977,
345 d after attachment. Several orange colored
spaghetti tags became faded within 4 wk. an
observation not reported by other investiga-
tors.

Natural Marks

Twelve untagged dolphins with recognizatde
natural marks were identified a total of 87 times.
Photographs of an individual taken first in 1970-
71, then during this study in 1976, and by Wells

IUVINE  w AL: AN K\, AI.t IArION nvrma  tic  (,ETAtWANS

et aLG in 1980 suggest that natural marks are
relatively permanent.

D1SCUSS1ON

The most nbvious  shortcoming of tags attached
to the dorsal fin was the short longevity. Water
drag, tissue rejection, and attempts by dolphins
to shed tags may have contributed to tagloas  and
fin damage. We had hoped that tissue would

grow tightly around the bnlt  sheatha and insulate

t h e  w o u n d  f r o m  b o l t - i n d u c e d  t i s s u e  i r r i t a t i o n ;

h o w e v e r ,  h e a l i n g  a p p a r e n t l y  n e v e r  o c c u r r e d
while bolts were in place. Since tag wounds did
not heal, different attachment methods or new
designs are needed. Transmitter packages on
two killer whales, Or-cinns  orca,  were held for 6
mo by pins implanted diagonally to the plane of
the leading edge of the fin (Erickson’), and may
offer an alternative method of attachment. The
relatively larger fin of a killer whale (vs. a
dolphin) may, however, have increased chances
of success. Carbon bolts attach human prosthetic
devices? and are another attachment method
yet to be tested on marine mammals.

Radio tags have proved useful to study the
ecology of small odontocetes  (Evans 1971, 1974;
Evans et al. 1972; Gaskin et al. 197a Wfirsig
1976), but the configuration used in this study is
not recommended fnr use on T. trnncatrm  The fin
t+mage,  p r e m a t u r e  t r a n s m i t t e r  1 0 S S ,  a n d

unusual swimming behavior which we ob-
served, may influence study results. These
factors have not been previously documented.
Radio tags caused nn obvious behavioral effects
during captive tests on Delphiwns  delphi.s
(Martin et al. 1971). In  field studies, however, the
radio tagged animals have been infrequently
sighted and never recaptured, so possible long-
term effects of the tags on the animals are
unknown.

GWe  Rs.  R. S.. M.?.  S..11,  A. B. lrvi.c.  and P. T. I?u+e. 19!31.
Observations durmK  1980 of bottlmwsc  dolphins. T,irsiops
tr,wc’,dw,  marked during  1!17w197C,  on tbc west coast of
Florid&  Report tn National Marine Fisheries Swvicc.  C.n-
li-acl No. NAStl.GA-A  .195: 21 p. Avuib!blc  Center  for Coastal
Marine Studies. Univcrslty  u{ California, %ntn Cruz.  CA
9.50(M.

Wrickson,  A. W. 1977. I>opulati  .nstudi.  *of killer  whale.
(Umiwt.v ,orcn)  in (be Pacific Northwesk  a radic-markin~  and
trucking  study of killer  wh~les. A\,ailddc  National Tcchni-
cd  Information Scrvicc.  5X$5 t,ort  Royal Road, Springfield,
VA ‘22151  m PR.2WC15.  34 P.

‘Anonymous, 1977.  The  ;q>plic  ation of hiKh purity carbon
twbnulou  for Rchabilik.tim  Wc+ineerinK  Center  at Rancho
Las Ami<os  llosvitxl.  John F .  K e n n e d y  Space  Cenlw
(NASA) Repurt Sfl  U.77.  100.”  146 I). Kennedy Space Center.
Cap+!  Kennedy, FI. :S2S99.

Freeze branding proved the most durable
mm-king method. The variability of marks on the
animals captured 5 yr after branding indicates
that tissue response to the branding process is
inconsistent. Freeze brands have remained
readable after several years in captivity, but
optimal coolants, application times, and pres-
sures have yet to be determined (Cornell et al.g).
Our refighting, after almost 5 yr, is the longest
yet reported. Twenty-one of 26 of the dolphins
originally tagged in this study were observed
during 1980 and had freeze brands that were
either completely readable in photographs or
were legible enough to confirm identifications
indicated by other characteristics (Wells et al.
footnote 6). Pvfaximum  longevity of freeze brands
is still unknown, however.

The comparatively high incidence of spaghetti
tag loss reported here is noteworthy because this
tagging method haa been previously used with no
reports of rejection or absces:  (Sergeant and
Brodie  196%  Evans et al. 1972 Perrin  et al.
1979). Recent tests on captive dolphins have
shown, however, that tag loss may be related to
tissue rejection, attachment impact, or to the
angle of dart entry (Jennings’”).

Recognition of natural marks provided useful
supplementary information in our study, and bas
been used to study bottlenoae  dolphins in Texas
(Gruber  1981; Shane and Schmidly”)  and
Argent ina  (Wursig  and Wursig  1977). Close
approach to the animals is usually required for
field recognition, however, and we felt that
photoidentification  was necessary to verify most
of our sightings.
This taggbsg study bas demonstrated that

repeated sightings of tagged dolphins are
possible and can provide substantial amounts of
information about the behavioral ecology of
small cetaceans (Wells et al. 1980; Irvine et al.
1981).  Selection of the tags to be used should,
however, invnlve  consideration of tagging and
refighting effort, tag visibility and durability,
and potential harm to the tagged animal. Vkual

Worncll,  L. H.. E. t). Asper,  K. Oskrn,.  and M, J. White.
1979  In.estisMio.s  on crsotr.nic  markuo? procedures for
marine mammals. Available National Technical Informa-
tion Service, 5z35  Port Royal Road. Springfield. VA T2151  as
PB-2Y1571J,  24 P.

mJ,  G, Je””i”gs,  Fishery Biologist, %uthwcst  Fisheries
Cwdcr,  National Maril]e  Fisbericz+  Service, NOAA, 1>.O.  Box
271. IA+ Jolla,  CA 920:18. per..  commun. Ockdnx  1!)78.

Wihaw,  S. I+.!  and 1). J. Scbmidly.  197s. Population
biokwy  .f Atlanttc  botu.nos.  d.lpbin,  T#tr.siops  tmm’,d,tx, in
Armt!xLs  Pass.  Texas.  Available  National Technical lnform-
Lio” Scrvicc,  5285  Port Rwzd  Ituad, SlwioKfickl,  \’A 221S1  a..
Pft.2S3SLS{.  I:R)  11,
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tags  urc rnnst dctcct;d]  k , , but nrr nut du r!iblc  and
m a y  damage the  dorsal  fin  tissum.  Freeze
brands  are durdrle,  but  not highly visible. Rotn
trigs nre  of  limited  use  for field  ident i f icat ion
except  in unusual close range situations (e. g.,
Norris and Pryur 1970),  although a cn!nhination
color and location of the tag  can identify an
i n d i v i d u a l .  For f r e e - r a n g i n g  d o l p h i n s ,  s p a g h e t t i

tws are  the o n l y  c u r r e n t  t a g g i n g  o p t i o n ,  b u t

i d e n t i f i c a t i o n  n f  these  tugs  usuully r e q u i r e s

c o l l e c t i o n  of  the anirmd.  If animals  are to be

captured initial Iy, cmnl>  i nations  nf Pag  types turd
usc  nf rmtu ral  rwrks con p r o v i d e  e f f e c t i v e  f i e l d

i d e n t i f i c a t i o n .

Al though rad io  tagg ing  and  tug  or mark
identifications m-e  valuable LAS for ecological
studies of cetuwmns,  more development and
tinting of tags  tmd uttiichment  techniques are
needed.  Invest igators  should  realize  that
tugging  methods which are successful on one
species may not work well on another species.
I’rior  to field studies, Lags  should betmtcd on the
species to be studied. We also  rccommc!nd
intensive fnlluw.up  sighting surveys to maxi-
mize  data  return and  b determine the effect Of
LUTS und nl;irks on free-ranging unimals.
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ABSTRACT

This study reports (1) the development of a radio transmitter
suitable for trackti killer whales and the results of an effort
to track two radio-n&ked  killer whales over a period of five
months, and (2) the results of a limited photographic identif ica-
tion study of killer whales in Puget Sound.

The procedural steps employed in the development of a radio-
marking technology for killer whales included (1). studies of the
morphology and anatomy of the fin of the killer whale (2) the
development and testing of prototype radios, and (3) the develop-
ment of a method for attaching radio-transmitters to killer whales.

The radios ultimately developed weighted 3.1 pounds, and
were capable of surface and aerial mmitoring  to distances of
S and 18 miles, respectively. The radios were affixed to the
anterior base of the dorsal fin by four surgical pins set just
beneath the skin. The radio pack was designed to self-release
after the one-year life of the transmitters by timed corrosion of
the nuts securing the radio packs to the whales.

Tests of the radio technology developed included an initial
continuous ten-day tracking effort during which the whales traveled
extensively throughout upper Puget Sound and Georgia Straits. The
daily travel distance of the whales averaged 68 nautical miles and
the average travel speed was 2.8 oautical  or 3.2 statute miles
per hour. Maximum measured speeds for short distances approximated
16 nautical miles per hour. The mean dive cycle of the whales was
5.77 minutes. The cycle consisted of a long dive followed by three
or four surface blows of 3 or 4 seconds spaced a mean 21 seconds
apart. The longest recorded dive of 1365 timings was 17 minutes.
Periodic observations and signals of the whales were received over
a five month period following the release of the whales. These
results suggest that a base technology is in hand for radio-marking
studies of killer whales. Conceivably the same technology could be
employed in radio-marking studies of other cetaceans.

The limited photo identification study permitted the identifi-
cation and characterization of “J” pod a resident pod of killer
whales. The pod composition was the same as documentated in a
study conducted by the National Marine Fisheries Service in 1976.
Namely, 3 adult bulls, eight adult cows and 5 calves. One of the
calves had been born since the October termination of the National
Marine Fisheries study and another had apparently been lost from
the pod.

iii



113

.

.

>

.

.

In
.2
.0
s
u
o
u
.2a

.-mm .- -.

>

>



No.

1

2

3

4

LIST OF TA8LES

Page

‘ Data and summary results of zinc anode release
mechanism developed for killer whale radio packs. . 12

Visual and radio contacts of two radio+narked
killer whales, ..,..... , ., ..,....17

Killer whale tracking data. . . . . . , . . . . . . 18

Sinmnar yofblowcycl  edatabyday  . . . . . . ...22

vi

1

No a

1

2

3

4

s

6

7

8

9

10

l!

12

13

14

LIST OF FIGURES

-
-
-b

Page

Making  a plaster fin cast of a killer whale , . . . . 2

Oesign of the radio pack installed on the female
killer whale . . . . . . . . . . . . . . . . . . ...4.

View of the San Juan Island Kanaka 8ay holdi~ pen
at low tide . . . . . . . . . . . . . . . . . . . . .4

Map of Fuget Sound, Juan de Fuca Strait and the Strait
of Georgia ..,,..,, . . . . . . . . . . . . . .6

Schematic illustrating procedure by which radio pack
was pin-attached to the female killer whale . . . . . 7

Radio transmitter affixed to female killer whale. . . 8

Catching-up the two killer whales in the Kanaka Bay
holding pen . . . . . . . . . . . . . . . . . . ...10

Buoyant state in which the whales were maintained
during final instrumentation. . . . . . . . . . . . . 10

Position of radio-pack and antenna on the male killer
whale . . . . . . . . . . . . . . . . . . . . . . . .13

Closeup of radio-pack as attached to male killer
whale . . . . . . . . . . . . . . . . . . . . . . . .14

lMean hourly travel distance of the radio-marked killer
whales . . . . . . . . . . . . . . . . . . . . . . . . 20

Course of travel of the two radio-marked killer whales
during the ten days immediately following release . . 21

Mean hourly blow cycle of the radio marked killer
whales . . . . . . . . . . . . . . . . . . . . . . . .z3

Distribution of blow-cycle durations by type of
activity during travel periods. . . . . . . . . . . . 25

vii



LI~ OF APPLNOIX

NO - Page

1 Specifications on the transmitters . . . . . . . 32

Introduction

This report presents the results of a study to develop tech-
Mlogy for radio-marking and monitoring the movements of killer
whales, and to conduct a field test of the technology. The study
was performed under Marine Mamnal Conmdssion  contract number
M.KAC012  awarded to tie author on 11 April 1975 and supplementally
extended and amended on August 12, 1976. The studies were extended
to permit continued monitoring of two radio +narked  ki 1 ler whales,
and to analyze data obtained during the tracking effort.

In addition to the grant funds provided to the project by the
Marine Mamnal (hmnission,  substantial financial, material ad log is-
tic support was contributed to the project by Sea World, Inc. The
period of the investigations extended from 11 April 1975 to June 30,
1977.

Metkds

The procedures employed in the development of the radio-marking
effort reported here concerned a regime of activities designed to
assess the efficacy of the procedures to bc employed prior to the
use of the procedures in the field. These procedures included reli -
abi 1 ity tests of the equipment develo~d and controlled studies of
radio-marked whales prior to their release.

As a first step in &signing  a radio-pack for the killer whale
a fin cast (Figure 1) was taken of ‘Sandy” a Z1-foot female killer
whale retained as a research animal in San Diego by Sea World.
Following this a radio transmitter and attachment harness was de-
signed to be affixed to the anterior base of the dorsal fin of a
whale.

The basic criteria sought in the development of the radio-pack
were (1) a minimum transmi ssion life of one year, (2) a signal
distance approximating the 20 airline miles achieved with trans -
mitters placed on large terrestrial manmtals, and (3) a radio package
which would not annoy the whale or cause behavioral aberrations.

The basic radio telemetry system selected for fabrication was
the system developed by Messers. Larry Kuechle and Richard Reichle
of the Cedar Creek Electronics Laboratory of the University of
Minnesota. This system has been adapted to a wide variety of bird
and mammal  studies, including seals and sea otters. The specif ica-
t ions and circuitry of the transmitters is presented as Appendix 1.

The transmitters configured for use on killer whales were powered
with two 2.8 volt lithuim  batteries generating a ~wer output of
approximately 10 milliwatts. llc transmitters operated in the 164-
165 MHz range and were pulsed at a rate of 100 beats per minute to
achieve lengthcd  battery life and to permit greater signal identifi-
cation. The antenna was a wi)i p antenna constructed of a 17 inch
Icngth  of vinyl coated 8/32” stainless steel cable reinforced at the
hasc with a six inch Icngth  of rubber hose.

viii
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Figure 1. Making a plaster fin cast of a killer whale.

. .

The first radio unit developed was potted with ?l.1 Scotchcase  {5
electrical resin in an eight-inch length of 2-1/2 inch diameter
stainless steel tubing and with the harness pack weighed five pounds.
Subsequent, packs of the design illustrated in Figure 2 were reduced
to 3.1 pounds in weight by potting the radios in 2 inch diameter
thin gauge aluminum or plastic tubing.

The harness for the attachment of the radio to the dorsal fin
of a whale was constmcted  of two layers of 6-inch wide PVK 120
single ply polyester/polyvinyl belting. Tliis  was pop-riveted to the
radio housing tube prior to potting as illustrated in Figure 2. The
imer surface of the harness was lined with a 3/16” thick layer of
neoprene qxmge where the pack would lie against the skin of an
instrumented whale.

Once the prototype pack had been developed the entire radio
package was submitted to a series of reliability and performance
t~sts. Distance checks of the radio from a small boat and frcm a
llght aircraft and utilizing Yagi antennas yielded line of sight
surface ranges of approximately five miles and air ranges up to 18
miles with the transmitter located at the water surface. The trans -
mitter  was subsequently placed in an ocean water tank at the Seattle
Marine Aquarium for 30 days and its operation was periodically confirmed.
Following this the transmitter was placed in a water pressure tak and
submitted to 1,000 PSI of pressure for a period of 30 minutes. This
pressure was equivalent to a sea depth pressure of over 1,000 ft. and
well in excess of the maxinnnn  8S0 foot known recorded diving depth of
killer whales (I?awers  and Henderson, 1972).

Following these tests the radio was still functioni~  normally.
Hawever,  the radio ceased operation two days followiqg  the pressure
test. Upon examination it was determined that one of the rivets used
to attach the belted harness to the radio had been forced through a
thin area of the potting acrylic in which the radio compnents were
housed. !!hile this fracture was minute it was nonetheless sufficient
to allow water invasion which caused radio failure. This problem was
avoided in later generation radios by placing tbe harness rivets at
the ends of the housing tube and away frem the radio components. All
additional radios including one of two transmitters actually placed
on killer whales withstood the water pressure test.

The procedure devised for attaching radio packs to the dorsal
fins of killer whales was by the use of several 5/32” diameter stain-
less steel self -threading surgical pins. These pins were to be set
shallowly below the surface of the skin to avoid the internal integriey
of the fin. The nuts to be used to secure the pack to the whales were
corrosible zinc and designed to release the radio-pack after an esti -
mated one-year period.

An additioml activity undertaken prepreparatory  to testing the
Oyrat  ion and efficacy o f the radio-pack and procedures developed for
killer whales, concerned the location and development of an area where



Fi~ure 2. Design of the radio pack installed
on the female ki] ler whale.

killer whales to bc instrumented could be held for a period of time.
The site selected and developed was a small unnamed bay located
adj scent to Kanaka Bay on San Juan Island. The lands surrounding
this Bay were under lease in part to Sea World,  Inc. and in part
owned by Dr. Arthur  Martin, Professor of Zwlogy  at the University
of Washington. L?oth  principles kindly consented to the use of the
embayed waters for use in the killer whale studies. Facility support
provided at the site by Sea World included a retaining net set across
the bay entrance and a trailer laboratory-housing unit. Figure 3
presents a view of the embayment area.

Results

The killer whales obtained for use in this study included an
18-feet male and a 20-foot female. The animals were two of a pod
of six killer whales captured by Sea WorId,  Inc. on 7 Mareb 1976 in
Eudd Inlet at tb southern terminus of Puget Sound (Figure 4). ‘l%e
anima 1s were first moved by ship to tie Seattle Marine Aquaritm  on
Marti  14 and 1S and to the San Juan embayment pen on April 5 and 6.

Instrmnentation  of the Whales

The instrumentation of the female whale was performed at the
Seattle Marine Aquarium on April 4, 1976 prior to the transfer of the
whales to the San Juan holding site. This procedure permitted the
first instrumentation to be performed under quite ideal circumstances.
Figure 5 presents a schematic of the manner in which the radio-pack
was attached to the dorsal fin of the female whale. Five pins were
used to secure the pack and were placed using a hand dril 1. Four of
the pins were set diagonally through the radio harness and the lead-
ing edge of the fin so as to lie principally within or just below the
heavy skin layer of the dorsal fin. A fifth pin was set crosswise
through the fin approximately z inches in from its leading edge.
Stainless steel washers were then placed on the pins and the timed
corrosible release nuts were applied. The nuts were tightened so
as to position the pack snuggly  but not tightly against the fin. The
pins ends were clipped off approximately one-half inch frcm the surface
of t!m nuts. Fieure 6 illustrates the radio-pack as attached to the
female w h a l e .  “

The attachment process was accomplished without noticeable re-
action by the whale. There was no bleeding fmm the pin sites and
the animal did not flinch or thrash about at anytime during the at-
tachment process. To limit the possibility of infection the dorsal
fin of the whale had been washed thoroughly before the attachment
operation and an antiseptic salve was applied over the skin before the
radio pack was affixed. Simi Iarly, the self-threading pins had been
autoclave and aseptically wrapped prior to the instrumentation effort
and each pin was tooted  with ant iscpt  ic salve prior to placement.
Ilm attachment procedure was done under local anesthesia, using 2 per-
c e n t  xylocaine.
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Figljre 6. Rm.Iio transmitter affixed to female kil ler whale.

Test Monitoring of ‘the Instrumented Whale

Upon the release of the two killer whales in the San Juan
experimenml enclosure an around the clock monitoring effort was
initiated which concerned (1) the welfare security of the animals
(2) behavioral observations and (3) pre-tests of the radio trans  -
mi tters and receiting  equipment. The security check included a once
daily scuba examination of the securing nets and at the minimum bi -
knsrly  examinations of the holding facility and the whales.

Behavioral observations made at the site included respiratory
timings, hydrophore recordings of vucal i rations, notations of
activities including interactions between the M whales, and
responses to such stimuli as changes in the tides or to our activ-
ities.

Above all, the instrumented whale was observed closely to
ascertain whether the radio-pack appeared to disturb the animal
behavioral ly or to annoy or cause it disccmforturc. The instrumented
animal did not manifest activities of any type which were suggestive
of behavioral aberrations as gauged by the canparative  activities
of the two whales as observed together previously in the Budd Inlet
holding pen and at the Seattle Marine Aquarkun  before the female was
instrumented, and as subsequently observed together at the San Juan
holding site when only the female was instrumented.

bring both the pre and post-instrumentation perio& the female
whale was the dominant anima 1. This was manifested as mild aggression
which was periodically directed against the nwle.

The instrumented whale also did not attanpt to rub the transmitter
against floating objects or manifest other actions which would suggest

that the radio-pack annoyed or otherwise bothered her.
Timings of the respiratory cycles of the two whales while re -

tained in the San Juan embayment pen included both visual things of
both wfnles during the daylight hours and radio timings of the in-
strumented female on a 24-hour basis. Comparisons of the visual
and radio timings of the female were essentially alike as were the
comparative visual timings of the male and female whale.

On April 22, 18 days following instnrmentation of the female
whale, both whales were caught up and examined.

The procedure used in catching up the whales was first to divide
the embawent pen in half by stri%ing a net frcm the midpoint of the
outer enclosure net into shore (Figure 7) .

The whales were then forced inshore until stranded in shallow
water by a take up net deployed across the seaward side of the pen
and slowly workml toward the shore (Figure 7). As the aninuls
s trmded they were each tended by two or more persons in diving suits.
This attendance concerned ( 1 ) preventing the whales from losing
houyancy  and (2) keeping them water-bathed once secured. The catch-
ing up process was timed to occur just before high t idc. Surprisingly,
the whales cxhihited  very Little reaction to being caught up except

u)



Figure 7. Catching-up the two killer whales in the Kanaka Bay
holding pen.
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for a great deal of vocalizing and a few seconds of minor thrashi-
ng when first stranded. At no time even when initially stranded
did the animals make a concerted effort to break back into deeper
water which they could easily have done, nor did the whales have to
be forcibly stramied  or held ashore with the take up net at anytime.
Consequently, the entire catch-up process was accomplished without
visible trauma to the whales. The state of the tide during the
harxiling  process did not pose any problems inasmuch as the tiles
were maintaimd in a bwyant state once captured (Figure 8).

Inmrediately  following the straniing  of the whales, the instrw
mented female was examined. This visual examination revealed that
the radio -pack was still securely in place and there was no evidence
of tissue edema. During the examimtion  the securing nuts were
removed from one side of the radio-pack ad the skin surface below
ad the pin sites were examined closely. This examination revealed
no evidence of irritation of the skin underlying the radio-pack and
there was no evidence of a purulent discharge from the sites suggestive
of infection. This analysis was substantiated further from bleed
samples taken from both animals and later analy  red. These analyses
showed no significant change in the blood characteristics of either
whale, particularly in the white blood count of the instrumented
female, from values determined prior to instrumentation.

A second aspect of the examination concerned the amount of
corrosion the self-release securing nuts had sustained during the 18
day attachment period. This was visually discernible ad post-
weighing of four of the nuts tiich had been removed  yielded calculated
retention periods of 119, 128, 134 and 293 days, respectively (Table 1).

Following the examination of the instruntmted  female  whale, the
male animal was instnnrrented.  The tadio transmitter attached to this
tiale was identical to the one attached to the female except that
the antem was set to emerge at a 45° angle from the forward edge
of the radio-pack rather then emerging directly from the top of the
encasement tube (Figure 9) . This modification resulted in the antenna
setting upright in front of the dorsal fin on the male as contrasted
to a position parallel with the leading edge of the fin for the female-
The result was that a higher antenna silhouette was achieved and the
antenna did’ not brush the dorsal fin. However, the bmshing contact
of the antenna against the fin of the female (Figure 6) showed no
evidence of abrasion on that animal 1s fin.

The attachment procedure employed in putting the radio-pack on
the male was the same as used for the female’s pack with the exception
that the fifth pin set across the leading edge of the fin was eliminated
(Fi~re 10). Heavier securing nuts were also used to increase the
estmated  retention time of the pack on the whale.

At the completion of the instrumentation of the male whale the
female whale was to be reins trumented. The original intention had
been to replace the first transmitter with a new transmitter. However,
some difficulty was anticipated in securing a new transmitter over the



TA)le 1. Data and sumnary results of zinc anode release mechanism

[nltial  weight of Location on Weight after

zinc ruts (.gmsl radio package 18 days (gins)

?.45
8.!75
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developed for killer whale radio packs.

Calculated Current 12?
estimated measurement

% weight daysegf estimation ~
loss days of life

15%

14%

119

128
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RC 7.12 13% 134

LC 7.69 ~% 293
— .

7.41 9% 210- 32S

a Calculated from weight 1O$S while attached to a free-switing whale for 18 days.
h Based on lahoracory current measurements and Faradays  low. W=IKt; 1=0.8 x 10
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Figure 10. Closeup of radio-pack as attached to male killer whale.

original surgical pins and setting new pins seemed undesirable.
Consequently. it was decided to retain the first radio inst~enti-
tion iather-  &an prejudice an already proven attachment result. The
only loss accompanying this decision was the slightly-reduced trans -
mission life of the original radio. In the reattachment of the pack
on the female either new nuts of longer life were used to replace
the original nuts or a second nut was placed over the original nuts.
ln either case the reattachment life of the trans@.tter  was estimated
as being one year.

Following the instrumentation process the two whales were re-
leased back into the embayment pen for a four day observation period
before they were released. This observation period revealed  no
changes of behavi.r on a canparison with behavioral traits observed
before the fiml instrumentations and the functional operation of
both radios was confirmed.

Release of the Whales and the Tracki ng Procedure

At the time of the release, two tracking vehicles were in place.
These included first the “Propeller” a 65’ vessel contracted from
and operated by the Sea Scouts! and a Cessna 180 float-equipped air-
craft. The prime tracking vehicle was the Propeller which was diesel
powered and able to make 9 knots. She was equipped with ~~r and
sorer and capable of continuous all seas operation for two to three
week pericds. These features were considered necessary to achieve
a successful tracking test since it was not unlikely that the instru-
mented whales would leave the inner waters of Puget Sound.

The technique developed for tracking the whales was to set three
Yagi antenna arrays on the masts of the ship. Two of the antenna
arnays were set at a 600 angle to either side of the bow of the ship
and the third array pointed directly to the rear. In sum, the three
ante~ arrays monitored the entire 3$0° area surrounding the ship
to a distance of approximately five nules. The area of overlap
between adj scent antenna arrays was approximately 30°. ‘the procedure
to be used in tracking the whales was to monitor all quadr+nts  during
times of general searching and when a signal was picked up its direction
was determined by isolating the signal on an individual amtenna or by
balancing the signals received between two antennas. The more USUd
procedure was the latter approach since the whales then could be
directly trailed using the ship’s two forv.md antennas or tracked
abreast by balancing the signal between one of the forward antennas
and the rear antenna.

The aircraft tracking vehicle present at the time of release
was simply backup insu~nce in the event of an initial loss of the
whales or a failure of the ship tracking technique. The procedure
used in locating the whales with aircraft was to affix a Yagi antenna
array on either wing strut. As with the antennas used on the ship,
the aircraft antennas were capable of isolation by a switch.



Prior to  Me ~eleasc of the whmlcs a test Of the ShipS traddllg
procedure was performed by running the ship out from the pen and
performing test monitoring of the whales from vxrious positions
relative to the ship’s head. This test showed monitoring capability
to the anticipated five miles. Previous tests had already established
the workabi 1 ity of the aerial monitoring procedure except that the
brief surfacing times made location of the signal direction difficult.

The two radio instrumented whales were released at 1300 on
26 April. The release was accomplished by simply folding back one-
half of the net securing the bay. During the pulling back of the
net two sml 1 boats were stat ionai in the take up area to keep the
wh,,  les away from the net. This precaution proved unnecessary, however,
and several minutes passed before tlu whales could be induced to leave
the ~n onc the net was folded back. This they did slcwly and de-
1 iberately  and soon after the animals were observed nuving to the
outer sets.

Tracking Results

Following the release of the whales, the animals were tracked
cent inuous  ly over the next ten days excep t tiing two periods when
position contact was lost for 9 and 12 hours, respectively. The
continuous tracking effort ws terminated on May 5 due to severe
md io interference in the Bel 1 ingham,  Washington area.

Subsequent efforts wade to monitor the whales included periodic
shore, air and ship radio searches, visual air and ship searches and
reports from observers. These efforts resulted in eleven contacts
or reports of the whales over the subsequent five months (Table 2).

Llsring  the initial ten day tracking period the hales were
tracked 191 hours and 21 minutes during which period they traveled a
measured minimum 531.8 nautical miles (Table 3). The actual distance
traveled by the whales during this tracking period was undoubtedly
somewhat greater than the recorded distance since our calculations
were based on straight line plots betveen  obseNations  or radio
locations of the whales.

During the tracking period the mean hourly travel speed was 2.8
nautical or 3.2 statute miles (Table 3). There were relatively few
instances of rapid travel by the whales and all of these were for
relatively short perieds. The three maimum measured speeds were
16.8, 15.8 and 15.6 nautical miles per hour for periods of 10, 8
and S minutes, respectively. The longest measured run at speed was
11.4 nautical miles per hour for a ~riod of 20 minutes.

Ihe avemgc daily travel  distance of tic whales based on tbe
six full &ys the whales were tracked was 68.13 nautical or 78.3
statute miles (Table 3) . Comparable values were rea lizcd using the
mcm travel speed calmlated over the entire tracking period. ‘Ihe
greatest and shortest distances traveled during a single day were
74.2 and 57.9 nautical miles, respectively.

1(1

Table 2. Visual and Radio Contacts of Two Radio-marked Killer Whales.

Date Period
.

Location Type of contact

4[26-5/5

5/8

5/9

s/n

5/12

5/12-5/13

s/lti

7/29

8/13

9/10

9/15

9/16

San Juan Islands and Lawer Georgia
Strait

Mid-San Juan ISl~dS

San Trico+nali channel area, B.C.

Points along northern edge of
Orcas 1s land

Sequim Bay

Sequim Bay and immediate off shore
waters

Jervis Inlet, B.C.

President Channe 1 opposite Waldron
IS land

Cattle Point at southern tip of
San Juan Island

ilouth  of Fraser River, B.C.

Lilm Kiln Point, southern edge
San Juan Island

Sucia Island area

17

Visual and radio
tracking by ship.

Air radio contact.

Air radio contact.

Shore radio contact.

Observer report.

Track ing by ship.

Observer report.

Observer report.

Tracking ship radio
contact.

Observer report.

Observer report.

Shore radio contact.

Iv



Table 3. Killer Whale Tracking Data.

Nautical Hourly rate of
Date Hours tracked miles traveled travel (in knots)

4/26/76

4/27/76

4/28/76

4/29/76

4/30/76

5/1/76

5/~/76

5/2/76

5/3/76

5/4/76

5/5/76

TOL4L

10.07 23.20

24.00 57.90

14.28* 23.60

23.98 68.10

24. 61.40

23.95 72.70

1 2 . 0 7 3 7 . 6 0

11. 53** 2 9 . 0

2 4 . 0 8 7 4 . 2

2 3 . 9 0 7 3 . 9 0

11.00 39.2.—

191.33 531.8

2.30 Knots/hr.

2.41

1.6S

2.84

2.56

3.04

3.12

2.47

3.08

3.09

3.56

2.78

*
In radio contact for remainder of day but unable to accurately

** Plot the remaining hours.
Tune and distance between points where whales temporarily lost
and again picked up (time and distance not included in totals).

AS is to be noted by reference to Figure 11, the travel
distances of the whales was highly variable between hourly periods.
However, the data do suggest six relatively regular alternating
periods of high and low travel. The reason for this pattern is
not clear. Two possibilities are alternating periods of active
travel and slow resting type travel, or periods of ~lativelY  sus  -

tained travel interrupted by periods of feeding activity.
Figure 12 depicts the travel course of the two instrumented

whales over the initial 10-&y tracking period and the locations
tiere the whales were subsequently observed or monitord.  During
the ten-day tracking period the whales traveled extensively through-
out the San Juan and Gulf Islands, lower Georgia Strait and the
eastern end of the Strait of Juan de Fuca. Subsequent locations
where the whales were observed or radio lccated  included several
sites in these same waters and observations at the meuth  of the
Fraser River and in Jervis Inlet, British Cohnnbia,  Canada. The
latter sighting was in excess of 12s miles north of the most southern
sighting of the whales in Sequim  BSy, Washington.

D i v i n g  D a t a

During the period that the radio-marked whales w:re being
tracked an effort was made to determine the blow cycle of the
animals according to their activity and by time of day. The radio
signals afforded a unique opportunity for the precise determination
of these data. The blow phase of the cycle was measured by the
presence of a radio signal and the dive phase was measured by
the intervening absence of a radio signal.

The normal dive cycle of the whales comisted of a dive of
several minutes duration followed by three or four brief surfacing
blows and short shallow intermittent dives. An extensive series
of timings revealed each of the brief surfacing blows to be 3 to
4 seconds in duration. The short dives between blows were quite
variable in length but averaged 21 seconds. Thus, in the normal
blow cycle the 3 or 4 surfacing blo~is of the whales were confined
to approximately one minute of the total blow dive cycle. The
only significant variation from this pattern was when the whales
were actively feeding or on a few occasions when they briefly
rested or slowly swam at the surface of the water.

Table 4 presents a swmnary of the blow cycle of the radio-
marked killer whales for the seven days that these data were compiled.
The mean length of the blow cycle over these seven days based on
136S timings was 5.77 minutes. The shortest daily mean blow cycle
was 4.64 minutes and the longest 6.50 minutes.

Figure 13 presents the blow cycle of, the whales over the seven
day recording period as hourly averages. These data show shorter

*
Period of surfacing during which respiration or “blowing” occurred.
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Figure 11. Mean hourly travel distance of the radio-wrked
killer whales.
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dive durations during the late afternoon and evvning  thwl during
other times of the day, This pericd is believed to correspond
with the whales major feeding activity,

Figure 14 shows the distribution of dive times during periods
of active travel, milling/feeding, and active feeding. Active
feeding was feeding concentrated in a local area. Conversely,
mil 1 ing/feeding  was feeding activity which was spread over a
several mile area. As may be noted in Figure 14, there was very
little difference in the diving durations of the whales while
t rave 1 ing and milling/feeding. This is in marked contrast to the
shorter diving durations recorded for the whales when act ively
feeding (Figure 13).

The longest dive time recorded for the whales was 17 minutes
and less than 20 of the 136S dives timed exceeded 11 minutes
(FiLmre  13).

Photo Identification Studies

During the months of June, July and August three five-day
searches  were made of the San Juan Island area to attempt to locate
md photo- identify killer whales. The animals sought in this
~ffort  were: (1] the marked kiIIer  whales to ascertain whether
the radio-packs had. in fact, detached, and (2) a characterization
]f the whales in “J” pod, the killer whale pod identified as the
lost discrete resident pod of whales occurriog  in the waters in
md adjacent to Puget Sound (Lligg, !Mac.kkie and Ellis (1976) and
nlcomb and Goebel (1976)).

These field searches resulted in encounters with “J” pod on
une 22 and again on .June 23. On June 22 the whales were intercepted
t Sunset Point at the southwest comer of San Juan Island at
1:30 a.m. They were subsequent Iy trailed and photographed until
:30 in the evening at which time they were in Speiden  Channel at
he north end of San Juan Island. On June 23 the whales were
ntercepted at 12:30 a.m. in President Channel just south of Waldron
sland. The whales were subsequently followed unt i 1 7:30 p.m. during
hich time they proceeded north through bounda~ passage and across
corgia Strait  to the Pt. Roberts area.

Ouring both encoti,ters  extcns ive color and black and white
holography was taken of the whales. Subsequent analysis of the
holographs revealed the compos it ion of the two whale assemblages
5 apparently the same. In any event, the whales which were readily
lent i f iable on the basis scars or saddle patch markings were
resent in the pod during both of the observation periods.

The number of whales observed during the encounters was
Ither 16 or 17. Of these, the adult whales were the same animals
reported as present in the pod during 1976 by lhlcomb  and Goebcl

1976)  . These included three large males, J-1, .J-3, md J-6 and a
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presumed eight females, .J:2, J-4, J-.5, J-7, J-8, J19, J-10 and
J-12. Calves present in the pod tiered five and possibly six.
Females quite definitely acco@anied  by calves incl~ed J-2, J-4
and J-5. The remaining calves showed no definitive association with
any of the pod f males although J-10 was frequently accompanied by
a calf. The calf of female J-5 was young and a new birth since the
conclusion of the National Marine Fisheries Service study in
October of 1976. Calf J-15, a new birth in 1976 (8alcomb  and
Goebel 1976) still closely accompanied its mother, J-4.

In the limited photography effort in this study, it became
apparent that both the identification of calves and determinations
of their mothers was cliff icult. First they were difficult to
identify by photography. This was in part due to apparent shielding
of the calves by other whales. The calves also had indistinct
saddle patches and few if any discernible scars. Further, many of
the scars identified in the Salcomb  and Goebel  study were largely
indiscernible in the current photography. These factors, plus the
rapid growth of the calves and an apparent loose calf-cow bond in
older calves renders photo-documentation of their status questionable
unless performed at three or four month intervals.

Discussion

The results of the development research conducted under this
contract would appear to have significantly contributed to the art of
radio tracking technology as directed toward studying cetaceans.

While the radio-marked whales were not monitored over the one -
year ‘design life of the radio transmitters and the self detaching
mechanism, the evidence gathered showed that the radios were st i 11
in place and operating five months following first attachment.
Accordingly, two key objectives would appear to have been achieved.
These include the successful long-term attachment of radio-packs
to killer whales and the development of a radio transmitter capable
of long term operation under field conditions. The success of the
attachment tec~ique is considered the sin=alar  most s i=wif i-t
result in view of the difficulties a number of investigators have
experienced im achieving long-term radio attachments on cetaceans
(Kaufman and Irvine (1975) ) . The procedure employed here is believed
to have succeeded because (1) the pack was firmly secured so that
it could not swivel or work, and (2) the attaching pins were set so
as to lie principally within or just under the skin rather than
being set in the tissue of the fin core. As a result tissue rejection
and[or pressure tearing apparently was obviated.

As regards the radios, the initial main concern with their
performance was the antenna. It would have been preferable to pot
the whip antennas in the harness collar proper such that the antennas
would not have been sub j ect to flex breakage. This was not done as
it was felt that a fairly high antema silhouette would be required

to give sufficient signal output for tracking, particularly when
there was anv wave action. The whip design developed withstood
breakage eve; the known five month ;tta~nt  peri-ti.

Although a fair measure of success was achieved in tracking
the tiles using the multi-array receiver antenna design, the
procedure was exceedingly demanding of manpower effort and time.

As regards the tracking effort, this required the undivided
attention of one person on headphones at all times. As a rule the
tiles made three or four consecutive surfacihg  bltis over a
30-40 second period every six to eight minutes of time. During
these surfacings which averaged 3-1/2 seconds or 6 to 8 radio
pulses, the headphone operator had to switch between the various
antennas to determine which antenna carried the strongest signal.
If the signals were not balanced, the headphone operator would then
have the ship swung and on the next surfacing he would again attempt
to achieve a balanced signal and thus determine the directional
position of the tiles. Distances of the whales from the track-
ing ship were known only generally except when the animals were
observed visually. However, the distance between the ship and the
whales was maintained relatively constant at about one-half mile as
was ascertained by radio signal strength and the temporary loss of
the signals as the animals passed around islands or peninsulas
ahead of the ship. A5 a rule, following the whales was usually
not part icularly  difficult except when they fed and, of course, tihen
signal interferences occurred. GTI a number of occasions radio
interference was severe and on three occasions it caused losses
of contact with the whales. Procedures for countering this might
include changes of radio frequency and greater filtering out of the
signal received. Helpful, too, would be a direction finder receiver.
Such a finder was purchased from Ocean Applied Research Laboratories
and its use should greatly aid future tracking efforts. However,
tests of this unit have yielded distances less than one-half of
the distances possible with the Yagi antenna array. Consequently, a
coupling of the systems together would appear desirable.

The greater need for a direction finder device at this time
concerns attempts to monitor whales from the air. In the current
generation of studies, signals were regularity received from air-
craft but the very short transmission periods, the long down times
and the fact that the aircraft was traveling at relatively high
speeds all keyed together to render air position monitoring as
nearly unworkable with the receivers used.

As concerns the biological data resulting from the test of
the tracking technology, the great amount of daily travel was un-
anticipated.

AS concerns the results of the limited photo-identification
study performed under this contract, it is apparent that the
technique has definite value in population studies of killer whales.



This appears particularly so as regards the life histov of individual
resident pods, i.e. , longevity of individual whales and reproductive
recruibnent. On the other hand, the efficacy of the procedure for
assess ing the population status of whales in an area appears somewhat
problematic. The studies of Balcomb and Goebel (1976) wd of Bigg
et al. (1976) while providing a base orientation of killer whales in
the waters of Washington State have not been of sufficient detail
or duration to provide a clear understanding of the dist ribut ion,
status and population characteristics of the killer whale stocks
inhabiting these waters. With the exception of J.pod which appears
to be resident and stable, the remaining pods of whales identified
in Puget Sound, lower Georgia Strait and the Strait of Juan de Fuca
appear to be either transient whales or numerical y unstable resident
pods . Although two of these pods (K and L pock.) have been classified
as resident pcds by Bigg et al. (1976) and Balcomb  and Goebel (1976)
these researchers are in disagreement as to whether L-pod is, in
fact, one or two pods. Further, these researchers reported the
regular joining together of the assumed resident pods and the
occasional presence of individua 1s from one pod with other pods.
Taken together these observations render suspect the fidelity of
specific whales to particular pods and thus of the integrity of the
pods .

The reports of the photographic studies appear further to
asstnne that all of the whales present in the inland waters were
identified. This assumption appears unwarranted in view of the fact
that the whales captured in the radio-marking study had not pre -
vious 1 y been identified and further the radio-marked whales were
not observed by the photographic teams during the five month period
that the animals were at least  periodically present in the study
waters. Further, Bigg et al. recorded seven transient pods in lower
Georgia Strait none of which were observed during the National Marine
Fisheries Service study. These observations indicate that thti ob -
servational  incidence of killer whales in Washington waters is low
and/or that major differences exist in the numbers of whales which
occur in Washington waters between years.

A second required point of clarification is the seasonal dis-
tribution of killer whales in Washington waters. Balcomb and Goebe  1
(1976) regularly observed whales during the period June through
Cctober  but observed only 3 pods in April and none in May. Their
survey did not cover the months November through March and the
study did not include most of the waters of Juan de Fuca Strait and
it addressed only 1 ightly the waters of lower Puget Sound. Conse-
quently, the relative seasonal distribution and abundance of killer
whales in the waters of Washington State is unknown.

A third major unknown ss regards the ki her whales associated
with the waters of Washington State is information on population
turn-over and reprodl]ctive  recruitment. The photographic surveys

identified the composition of the resident pads of killer whales
observed as being approximately 20 percent adult bulls, 20 percent
calves and 60 percent undifferentiated animals. The latter were
presumed to include primarily females and irmnature males. While
the 20 percent calf figure is suggestive of recruitment, the re -
productive recruibnent  rate of the assumed resident pods is IDS. ,
certain since the calf group is suspected of containing several year
classes of whales. As regards turnover rate or age or sex
specific mortality, sufficient studies have not been perfonced  to
provide a nwasure of this. A major point ~ ascertaining this by
use of the photo- idcnt if icat ion procedure concerns the persistence
of the identification markers. While identification scars and
saddle patch markings appear to be relatively long lived on older
animals, the persistence over t tie of the identification markers
on younger whales is *own.

These considerations suggest that a &tailed evaluation of
the photo -documentation procedure is in order to determine the degree
to which the technique can be relied upon to assess the status of
killer whales in Puget Sound and adjacent waters.

Recommendations

The results obtained in this study demonstrate the value of
controlled procedures in the development of new technologies as
opposed tO direct field applications of yet unproved procedures.

A number of recommendations for future studies relative to
the invest igat ions perfomned under this contract can be made. Cne
area requiring particular invest igat ion concerns long term (one
year minimum) attachment procedures. Ideally these studies should
be performed in semi-natural environments such as the embayment
enclosure ut i 1 ized during the current studies. The health and
behavioral responses of radio-marked animals to the instrumentation
procedures should be an intergral  aspect of this research.

A further line of recommended research is the development of
projectile radio transmitters. While it is expected that such
radios wi 11 have 1 imi ted attachment 1 i f e, the radios would appear
to offer enlarged opportunities to study the larger cetaceans
inasmuch as captures of even ki her whale sized cetaceans is ex -
tremely  difficult and expensive. Short term radio -taggings of this
type may also pennit tracking for sufficient periods as to identify
areas ard times when whales might be vulnerable to conventional net
captures.

A further line of research desired as concerns radio attach-
ment pr~cdurcs  includes refinement of the technology for releasing
the radio-pack once the life of the radio has been expended.
Ideally, tests of this technoloL~  should be performed using captive
animals.

Ncccssary  rcsca rch of the radio transmitters principally
concerns lengthend  1 i fe of the transmitters and miniaturization of



the radio-package. A logical candidate procedure for lengthening
the life of the transmitters would be the addition of a water
switch which would turn the radio off whenever an instrumented
whale dived. Ocean Applied Research Laboratories incorporates
a pressure operated switch on radios developed by that firm.
Additional research of the transmitting antenna is also desired as
regards breakage and possible corrosion effects.

As concerns the radio receivers, particular research is
required to develop filters to screen out all but the exact trans -
mitting frequencies. Additional work may also be required as
concerns a directional receiver although the direct ioml receiver
of the Ccean Applied Research Corp appears quite good except for
its limited range.

A further technological approach desired for an area such as
Puget %und would be the development of a net of automstic receiver
stations which could monitor the movements of transmitted whales as
they passed given paints. In the case of the Puget  Sound area a
3-array station could possibly serve to monitor the movements of
transmitted whales as they passed through the general San Juan area.
Doubtless, the development of such stations would require considerable
electronics research but tie rewards of the effort should justify the
expense.

Lastly, consideration should be given to developing a trans-
mitter for killer whales suitable for tracking by satellite telemetry.
The National Marine Fisheries Service is currently investigating the
potential of tracking porpoises by satellites relative to the tuna-
porpoise problem. However, current indications are that it will be
some time before tmnsmi tters are sufficiently miniaturized for use
on porpoises. Further, the question of suitable attachment procedures
for porpoises remains unsolved. These problems are far less restrictive
as regards the killer whale. Consequently, it would appear to be a
species of choice in the development of satellite telemetry for
cetaceans.

As concerns studies of the killer whale employing the photo-
documentation procedure, a major full year study is recommended to
assess the suitability of the technique for assessing the year long
distribution and status of killer whales in Washington waters. As
Oppos~d to earlie; sttiies  it is recommended that this effort be
distributed relatively uniformity in the state’s waters as opposed
to the area limited study perfomned  by the National Narine Fisheries
Service in 1976.
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Ap[)crdix  1

Oepadmenl of Ecology and Behawolal 13010gy
108 Zoology Bu,ldmg
M#..eapoks,M,nneso!a s5455

(612)373.5177

October 14, 1976

O r .  A. U.  E r i c k s o n
P r o f e s s o r  o f  Wildlife
College of Fisheries
University of Washington
Seattle, Washington 98195

Dear Al:

Were are the specifications on the transmitters --

Frequency: 164 MHZ, nominal. Actual frequencies used:

1) 1 6 4 . 1 5 0  f’ftfZ

2 )  1 6 4 . 2 2 5  t.lfiz

3 )  1 6 4 . 3 5 0  ~Z

4 )  1 6 4 . 6 5 0  ~iZ

B a t t e r y :

Pulse repetition
rate:

Pulse duration:

Current drain:

Encapsulant ion
coupound :

An tenrm:

P o w e r  outpur:

5) 164.500 MHz ‘

6) 164.400 MHZ

7) 164.400 NE{Z

Power Conversion, Inc. Nodel 660-4,
2.8 volts output, 416 milliampere days

c a p a c i t y ,  t w o  c e l l s  i n  s e r i e s ,  5 . 6
volt power.

Approximately 100 pulses/minute

20 millisecond minimum
35 millisecond average

0.4 milliampere (average)

3M Scotchcast  (/5 electrical resin

Stainless steel 8/32 (7 x 7) vinyl
coated . 17° long. Reinforced rubber
tubinp,  u s e d  c o  rmkc s t a n d  u p r i g h t .

Approximately 10 milliwatt peak

Appendix 1-A

O r . A.U. Erickson
October 14, 1976
Page 2

Narness material: 1) Neoprene - impregnated cotton duck
.+ ply, 1/8” thick (white material)

2) PVK 120 simple ply poLyestcr/polyvinyl
(black material)

Cushion ❑ mterial: Neoprene sponge, soft density
open cell, 3/16” thick. Bonded
to harness material with Plio-bond
adhesive.

Rivets: Stainless steel

Tubing: Stainless steel, or schedule 40
PVC pipe

Circuit diagram: Enclosed

This may not be exactly the form you wanted, but it 1s the
only way to give a fairly crmp  Lete  description. If YOU  only  uant

to use a short description, I suggest something like the foll&ing:

Transmitters used were crystal controlled pulsing continuous
wave at 166 Mllz. The transmitter puleed at a rate of about
100 pulses per second and were on for about 35 milliseconds.
The power source was two lithium cells in series, with an
average drain of 0.5 millkmps. Tbe antenna was a 1/4
wave covcrcd vertical whip.

YOU can describe the harness as you want. Hopefully this fills
your needs by way of description.

Sincerely,

H 7.
“/f(, )L-3. [

/
Larry Kuechle

LK:gle

Enc.
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MARINE  MAMMAL SCI1:N(  1, 1(})  191-202 (Juiy 1!)8>)
@ 1985 by dw SwIuy  for Marine Mamm@y

RADIOTAGGING STUDIES OF BELUKHA
WHALES ( DELPHINAPTERUS  LEUCAS)

IN BRISTOL BAY, ALASKA

KATIiRYN J. FRW.I

h(lYl>  l:. h)w RV
Ahsk,i Dcpw mcm of Fish wrd C,wnc,

I WI) ( .ollcge  Ro.Ic1,  Fiwbank>,  Altika 997(J  I

lhmml R NM-sON
Almka  Depiwrrmm  nf t%h and  Gamt,
P O Box 1 I 4u,  Nom., Alaska 99762

Ikearth  was conducted m lh(td Bay,  Alaska, to determine the applicability
U( radirrugging w srudies  01 bhavmr.  dwuibucwn  and movcmmrs  of behddra
wh,des  Backpwk-sryk  VI+ I mzrrsrniwxs  wcw atcachwl 10 rwo belukhas  b y
pinmng dm)ugh  III. dorsal  ndgc Eh(h p,wk.tgti  were shed  .ifrcr  ahmc  2  w k
due m migration U( the pm through  Ike  (Issue  Movemcnrs  of radio-ragged
w h a l e s  wwr  tssen[dly kxml w!dun  Kwchak  Bay. Three  ba.mc  rrspiracion pal-
wrns were  idmt&d:  wfacmgs  dIN  wrrc  gruupd  inw  hrcathmg  pwiuds  rep-
WMWI  hy hmgcr dIvm,  surfat q+ IIM  IJd  nor  ortur  Jurmg  resrm wd breathing
pcncds, .IIJ long-m. vmy.long  sur(m mgs separated by shun-m-very-shun dwes
llww  panrms  w e r e  interprewtl  as rcprcvmmg  wdvchng, kling  and (cwhng
or resung  m $ery shallnw water. Surfirw  UIIII ckve uwm-val  da[a weir  u s e d  1 0
cakukue  a mmxrmn fat nw uf  . 2 . 7 5 ,  whl~h Lould [hen bc apphcd 10 auml
survey  mums  10 U. IIIIMIC  IIIC mIA number uf hclukha  whak~  m (he srudy area.
Muddhuwns  to radio  p“LbgL%  wc nm5swy  m urdcr to mtreaw  re[muon  rime.

Key words: Iwlukhd  wh.dm.,  Dr/pb/nuplrru~  lru( dI,  Alaska, rirdmqging,  muve-
mmts,  wsp,t.  i[fi,m.  lwh.lvmr

As piirt nf o comprehensive research prqyun  on dw biology of  belukha
whulm,  De/pbindpreruj  lrurdj,  i n  wcsrem and  nur(hern Alaska ( S e a m a n  and

Uurns  1 9 8 1 ,  Scamirn  et al. 1982,  Frtisr  r /  d. 1984),  we invwigarwl  the
applical ions of rwliut~~~u~g. Work wos done in inner Brisro!  Buy,  where a lor~e

hrxd  of lwlukho  whidm txcurs evcq s p r i n g  wrrl  summur,  ump,regared  in and

war rlvcr nu)urhs  where prey  are  almndanr,  This ma UISO  wpporrs  rhe  world’s

Iargmr  cmnmcrl  i.d fislwry  (or  rml  stilIIIon  (on, orhymhuj  n{rku ), [kcmme of rheir
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Fifswr  1. Map of SCOCIV  area in Bristol Bav, Alaska, and Iwations of the bekskha
whal~ BB from t&ing  ar ~145  on 9 June 19“8.3 m recuvery  of the radio m 1410 on
23 June. I-10 Jun 1630 I-G 2-10 Jun 2215 h; 3-1 I Jun 0830 h, 4-11 Jun 1500 h;
5-12Jun  1150 h; 6-12Jun  1530 h; 7-1.1 Jun 12(XI  h, 8–13Jun  1625 h; 9–14 Jun
1600/1745 h; 10-16  Jun 1640 h; 11–18 Jun IWO  h; 12-20Jun  1314  h; 13-20

Jun 1730 IU 14-21  Jun  1157 h; 15-22 Jun 1319 tU 16-22 Jun 1737  h.

interactitms  with the red salmon fishery, behskhas  in Briscisl Bay have btwn
comparatively well wodied (Brooks 1955, Fish and Viusia 197 I ).

Kvichak Bay (Fig. 1), where our research was conducted, is characwriwd by
large tidal range (7–8 m), strnng currents, very rurbid wmr and extensive mud
flats scpatated  by deep channels. Whales appear in this artv in April ur May
shortly after the break-up of seasonal shorefosr  ice (lrust rl u1. 1984). Orhcr
herds of whales appear in spring and summer at a numhcr  of locacions  along
the coast  from Bristol Bay nnrth and east m the Moclwnzic l)cha  and Amund-
sen GuI( (Seaman and Burns 198 I). Marking of animals with visoid  and din

tags will b needed in order rn invescigm  intcrrclat  iunships a mung these gmu ps.
Our objectives were to evaluate techniques fnr waching  rwliu packages mrl to
investigate movements and behavior uf whales in Kvichdi ikiy.

MATIRIAI.S  ANI> Ml:rtaJi~s

We used VHF radin transmicum (type  AB 340, owun  Applicxl Rcsetirch
Corp., San I)icgo, CA) with 250-nlilliwau  power, uutpur at 164.3X7 and
164.585  M Hz, and a 1 ()() -milliscc tmnsmissiun  rqxwwl  120 rinws pcr min.

FROST ET AL RA[N{)’FAG(;lN<;  WI IAI.M IN ALASKA 193

The transmitter was cunstrucrrxi  as a pair of 2 x 15-cm cubes  with electronic
components in une and lithium baccerim  in the nther. A 47.5-cm semi-rigid
whip antenna was attached to the nchirrg  char  connected the battery to the
electronics. Each radio was shur ofT hy a skvater switch located near the tip
of the antenna and transmirred only when the anrenrm broke the surface. The
transmitter was attached tu a fiberglass saddle, 2 I cm Inng,  12 cm wide and
5 cm high. Tocdl  Imckage weight was 450 g. The saddle was rnoldeci  to fit a
cast of ct belukha dorsal ridge and was lined with 4-mm-rhick  open-cell foam.
Closctl-celi foam was addecl  m the top uf  the package  so that the transmitter
wnuhl floar wirh rhe antenna nut of the water whwt it was separated from che
animal. The backpack rransmittcr  was similw to that described and used by
Gaskin ef tvl. ( 1975) on harbnr  purpuiws ( Pboroems plmroem~ ) tnd by Burlw
and Jtmnings ( I X-1o) un dolphins  ( S/enef/u spp, ). PACICIKCS  were arrached hy
inserring  a nylon rnd rhroogh a hole cored in the dorsal ridge of rhe whale.
Magnesium screws were piiswd through hules in rhe leading edge nf the package
and threaded inru eirher end nf the rod. Screws  were designed  m corrode and
releaw  the packiige after ah{ wt 6 wk.

TIW backptick  attidmwnt was rested on rhc carcass nf a recenrly  ded behskha
( 2 9 6 . 5  cm long) found flming  in Nusha~~k Bay on 29 junc 1982.  The
package fit snugly river the rlursd ridge and, except fur sumc difficulty in
aligning the hnles, the acrachmenr  was easily accomplished.

We caughc whales by herding rhcm with small (4-6 m) motortizecl boats
until the animals scmndecf  rhemselvts in shallow warer.  This techniuue used in
swmbinatinn  with ncrs can be very  cffecrivc for carching  beiukha whales (e.g.,
RiIy  !962,  %rgtmr and Broslie  196!)). A hclicnpwr  was used tu Incme whales
and m wordinate  acriviric~  hy mmns  of racliu  cot-ma  wirh rhe boars. A net 46
m long and 3 m skp, which wtis cnnstrucred of 15-cm srrccch-mmh  no. 48
thread nylon and hung likt! a gill net wirh ncr fhts and lead line, was used  as
a fence m direct  ur cnr-min the animals. Two piiirs  of numhertxl visual streamer
rags cunstrucred  nf hrighdy colored polyvinyl chloride fabric  and measuring,
4 x 32 cm were attachecl to each whale  by wwirsg  through rhe dursal  ridge,
with 1. 5-mm -slia.  n ylun-mated  srainless steel wire (Sevcnsrrand  Tackle Corp.,
Flonringum fkach,  CA).

Radio signals frnm ragged  whales were mnnimrcd daily, when pmsible, from
shore, boats and a hclicoprsx. The receiving system cnnsisred  of a Telonics TR-2
rcccivrx  widl scanner cunnecwd  m a rwo-elcmcnr YAG I antenna. On the he-
Iicoprcr YAC,  I anwnnas were dircctcd uutward  on each end of a 3-m metal
conduit bolted across  the nuse of the aircmft, and rhe rwu anrrmnas were
connected tu the receiver through a tight-left switch box.

We collected rwu types uf data on rwlio-tagged whales. First, whales were
ltxalized by cirher  sweeping the antenna in an arc when wnrking from the shore
or btxJcs  or swirching  from k’fr m righr antrmna in the helicopter and deter-
mining [he dirccri{m  uf rhc strungest signal. The signal was then followed ruwanf
irs source, usually unt ii a grnup uf whales was sighted. By noting changes in
signai strength and in bearing m the signal as rhe Iocatiun of rhe receiver
changed, it WM Mual I y possi~lc  m verify  the kscat ion of the cawed animal.
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Verified positions were recorcled  as relocations of rhat particular whale. Secondly,
we recorded data on respiration patterns when we were clnse tmough to [IIC
mimals  to receive clear, strong signals, and when they did not appear m he
afkcted  by our activities. All respiration partern data were recorded from clrifring
small boats or from shore using hand-held, digital sropwarches. Data ccrlltxtion
pwiods usually lasted 30-40 rein, during which we recorded the length of each
surfacing and each dive to the nearest (). 1 SCC.  The length of a dive is defined
as the time from the last  audible signal of a wries to the reception of the first
signal puke upm resurfacing; the duration of continuous signal pulses is con-
sidered the length of a sutfacing. The surfacing rate is the number of recorded
surfacings divided by the length of a data collection period. A breathing period
is a series of surfacings separated by dives of less than 30 sec.’

Tagging operations were conducted in Kvichak !lay from 11 May ro 15 JLIIY
1983. In addition to radiotagging work, we conducted sysrcmatic aerial surveys
in Kvichak and Nushagak  Bays and recorded oppormnistic  obset-vaticzns  to
help describe the distribution, abundance anLI  movements of belukha  whales
in the area.

R ESLJLTS

The  first whale tagged was a 2.3-m subadult  dark gray male (referred to as
BB), which arrived at the Bumblebee Cannery in South Naknek,  Alaska, by
truck on 9 Juhe.This  whale had Em-r removed from a salmon sctnct about  7
km south of the Naknek  River mouth and was kept covered and wet until our
arrival 2-3 h later. We attached a radio package ( 164.535 MHz) and two
pairs of visual tags, The animal was carricci into {hc water cm a strctchcr and
rebsed. Upon rc[easc,  the whale swam away in an apparently normal manner
artd  was monitored for 30 min to ensure proper functioning of the radio.
Subsequently, verified positions were clcwrminccl  cm 16 occmirzns  over a period
of 13 days (Fig. I). Signals were murincly  Lfctccted  ar more rhan 20 km (and
occasionally up to 30 km) from small boats and at 30-60 km frum the
helicopter. BB was visuafly  sighted twice: once from a fixed-wing aircrafr on
11 June and once from a small boat on 13 June.

BB’s movements were local within Kvichak Bay throughout the two weeks.
For at least the first 26 h, he remained near the Naknek River mouth. C)n 11
June, 36 h after release, he was visually located 14 km to the north. Later that
day, BB moved approximately 30 km down the west side of the bay, against
a flood tide, in 6 h. During the next 11 days, BB was usually located nearshore
within a 30-km stretch of cowt  from Halfmoon  Bay to Lake Point. Between
1730 h on 20 June and about noon on 21 June, he moved 25 km from mid-
Halfmoon  Bay to north of Graveyard Point. By noon on 22 June, he was twat
Lake Point, 45 km from his Itxation  at noon the previous clay. Scvwal times,
BB’s subsequent locations were within I –2 km of each other over 24- and 32-h
periods. This whafc was lasr located with radio attached on the 13th day after
tagging. On day 14, the radio was found, floating uprighr  and transmitting
normally, approximately 3 km northwest of BB’s last known location. The
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Firtwr 2. Lncations of the hclukha whale hf from the time of taaainrz at 1630 on
1~ J~n~  1983 co  rCCOVCw  of the mrfio  ar 1500 on 3 July 1983. 1- l~-ju~  1800 h; 2–
20 Jun 1351 h, 3–20 Jun 1730 h; 4-21 Jun 11>7 h; 5–21 Jun 1232 h; 6-22 Jun
1805 h; 7-23 Jun 1405 h; 8-23 Jun 1425 h; 9-23 Jun 1648 h; IO-24 Jun 1339 h;
11–27Jun  1255 h; 12-27 Jun 1502 h; 13-28Jun  1110 h; 14-29Jun 1410 h.

magnesium screws were partially corrndccl  bur inract and srill in place in the
nylon rod.

On 18 June 1983,  a 3,7-m  adult whire femdc hcluklla  (“’M”)  was herded
inro shallow warcr in Hal fmnon Bay and stranclccl  at slack low tide. After a
small net was placed over her head she lay quietly, rising m hrcarhc  about once
a mimtre,  while a radio package ( 164.585 MHz) and visual tags were attached.
After being tagged and measured, she was g,uidcd into deeper water and re-
kzmmf.  M “s position was determined on 14 occasions over a period of I I days
(Fig.  2). The  OAR radio on M, although “idenrical”  to the onc worn by BB,
was more difficult to track. Maximum receiving distance was 42 km from the
helicopter (signal weak) and 23 km from a small boat. This whale was never
visually tesightcd although her radio signal WM repeatedly l~alized.

After hcr release, M remained within receiving range for 7 h, then, during

a mriud  when respimtion  data were being collcctcd,  she swam out of receiving
range to the snuthwcsr.  She was relocated on the following afternoon in upper

Kvichak Bay near Graveyard Poinr. For the next three days, all locations were
in the upper part uf the bay. After the fourth day, all verified locations were
along the co~t  kcween  Hal fmoon Bay and Lake Point, Directional information
was recorded several ti mc~  from a receiver Iucatcd  near the mouth of  the Naknek
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Figure  j, ExansplLs  of respiration paucrns of dx bdukha  whale 1311  Venial bars
indicate pericnls  during which rdio signals were rcccivcd. Scale is in mmuws

or of divea (32.68 w. 34.16 WC; I = 0.41, P > 0.50), icnsf the number of
surfacings per min and proportions of time spent at the surface were also similar.
The only difference berween these patterns was a higher incidence of single
surfacings during ey~ B2, III jwtrcrn  B I the respinu inn scqtacncc consisred of
a breathing period averaging 4,9 rolls (range I-8), sqmrarecl  by dives Imting
about 10 see, followed by ir Inngcr  dive whith Iasred on avcragt of 2 min 5
sec (range I min 35 sec ro 3 min 48 see).

Two dive patterns were recorded for M ~ one currcsponding  m A 1, and a
second, rype C, us which Icrng-ro-vcty-long  surLtcings  alrwnarwl wlrh shorr-rn-
very-short dives (Fig. 4). Type B dives  were idcnrificd during radio trucking  t)(
M, but were  noi encounreru-1  during pcriucls  wlwn  wc collected  respmttion  datit.

Of the usable  surface and  dive time dam fur M, 16 pcrccnt was dassificd  as
type A 1 (Table I). The surfacing rate was similar ro A I for IIB; however, rlw
propxticsn of time spent on the surfaw by M was more than rwice that by BB,
largely due to a significantly gwatcr average Icngdl of surfa(ing (2..22  scc (or
M w. 0,94 sec for BB; I = I ().62, P <0.0 I ). llw  avcrojjc  Imgrhs uf rypc
A 1 dives for BB (36.07 SCC)  and M (29,78  SW) were nor slgndicmdy difTmcnt
(/ = 0,89,  P > 0.30). Parrcrn C for M was unlike till nthcrs  A dilrcrcd  mIISI
notably in rhar signals wtm received  during 40 p+mcnr  O( the dim  UWCIIOII

periods,

IX5CLISSICIN

Behakha whales are concentrated in the middle and upper porriwts of Kvi-
chak and Nushagak BJys  from itt lcasr  mid-M:iy through July. Brooks ( 1955)
ptssrulated a smsonal  movemcnr  from Kvichitk Bay to Nushagak Bay caused
by changing abundances of prey (sahnun), il(](l Lmsink ( 196 I ) srittctl  rh~l
movemenrs  berw.wn  the two hays ~rc ccsmm{m.  Noncrlwlcss, we Lnow of no
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Fj#urc  4. Ikmnplcs  t~f rcspwutum  pa[rcrns  O( the Iwdukha  whale M .  Vcrn(  d b a r s

imlicalc  pcnmls during wtmh  mcko slgnds wcw rrxc.lvd.  SLalc  is i n  minuws.

dirccr information to support rhis assertitm, [n 1959 and 1960, Lensink applied
visual rags tts 46 l~lllkhils  in Kvictmk  Bay. TwrJ animals were Icrcatwl  I-3
months afrcr tagging, b[xh in Kvi~hak  Bay. flsring  the 2-wk perirsds in which
we followed mdio-mgged  belukhas  in 1983, rheir muvememrs  also appeared m
bc confined tn Kvichak Bay. We flew nine  aerial  surveys berween  15 April and

14 Augusr  1983 and sighted lwlukhas  in arcm intermecliare between Kvichak
and Nushagak Rays on four occirsiuns: 15 April, S May, 14 June and 24 Jut-w,
The June sighrmgs were  of fewer  thm I [) whitles  whwwts rlmse  in April and
May wsxc of 40 or more,  all htwlcd  intn Kvichak Bay. observations in burh
1982 and 1983 indicated a clmr rrmd  of imrm.sing  abundance in Nushagak
Boy  from June m red-July, but SIWIWCXI  no obvious wrncurrtmr decrease in
Kvich~k Bay (Fmsr ef u/. 1984),  Wc itmsider  it very likely rhar behakhas du
move between Nushagak and Kvichak  Boys (abuut  80 km iipart)  since we
have rcgulariy recurclcd daily muvcrncnts  of 100-150 km wirhin Kvichak  Bay.

The cwo radio-tagged  bclukhas  nmlc  subsranrial  movcmwsrs up and c lown
Kvlthak Bay, hur were somtirimcs hKtircd m rhc same area over periods {If
several  days. Suctcssive locations of CJggcd  animals showed nn clear  trend of
ncr movcmen[  in rckirion to tid;ll t ytlcs, t iowc-wr, Inrerprcrari[m  of mnvcmcmts
f’rt]tn rhtw  dar~  IS lllfhlulr hwausc  vcrilkd lt~tiriwls were usually several  hnurs
;ip,wr, ofwn invulving a  t hangc IJ( III IV. ( )hscrv:trimls fr(wn SMAII  bnws and
a i r c r a f t  inclic ared thiu bclukh~s in Kv!~hitk Day  nuwtd hcrwcm  rlw Kvi(lmk
River mourh imd the ricld tlitrs of rhe outer bay ,m u f;wly reguku rwice-disily
biisis (Frost et a/. 1984) and ir is Iikcly that the ragged wholes did rhe same,
These muvcmmrs were  usuitll  y wirh I he [idc.  occitsmnd  movtmwnrs  againsr
rhe tide (precluminanrly  t+bing rides) served  m keep rtw whales in rhe wme
gerwral arua from day tt) tlay.  Bru[jks  ( 1954)  and Imsmk  ( 196 I ) ids(I found
thar heluklms  gwwrully  switm  up rlw Kvichok  Rivm url flmthng  tides oml dIJwn
cm rhe ebb our ol>wrvarinns  and rhusc  of Fried et d. ( I 979) hitvc inditwwl
tlwr belukha movements in Nushitgdk  Biiy were indtpendcnr  uf tidal stage.
We have nn cxplanatiorr  ft)r the iipparcnrly different rnuvemenr  patrerns  in the
two adiaccnt  bays, 1( is prohtiblc  thar the tsvcmll  parrwn  of muvcmcrrcs  and
utilization of various areas is it]lhrenccd  largely by rhe disrributiun and move-
ments of prey (I%osr  tt d. 1984),

Wirhrsur  visuid umlirmariun,  clmclamm uf hehtiviors wirh respiration pat-
rerns  of radio-r~lgged  WIMICS is difficult. Parrcrn  D, with surfacings clumped
into discrcw brwhing pcri{ds  scparartd hY rclilrivcly  lung dives, was inrerprcwd
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as feeding in harbor porpoises (Watson ancl Gaskin i 98.3) am-l in spotrcrl

dolphins, $tene//a attwwa~a  (L.WIUTWUCKI  and  Ljungblad 1979). Characreris-
cics  of breathing and diving periods for the whale BB were similra ro rhcsse for
harbor porpoises, but the behrkha had a longer mean diving ~riod  (2.09 VJ.
1.44 rein). BB’s average brearhing period (0.73 rein) WaS abour  one-rhird rhe
Iengrh of the diving period, which suggesrs that behrkhas  may be somewhat
berter divers than harbor porpoises, in which breiirhing periods were one-half
as long as dives (Warson and Ga-skin  1983). Althocsgh  the Iongesr  dive recorded
for BB (5 min 56 see) w~ almost 2 min longer rhan that repor$ed  for harbor
porpoises (4 min 4 see), rhe maximum to mean dive rario  of 2.8 vms identical
for the two species. This agrees wirh rhe suggestion by Warson and Gaskin.
based on data for harbor porpoises and killer whales, Orcinw  orfu,  rhar rhere
might be a consistent maximum ro mean dive rario in odonmcmes.

Pattern A for behskhas  resembles parrerns  as.sociwed with traveling in PAo-
mena and Steneffu.  batherwood  and L@gblad  (1979) associated frequent
surfacings in Steneffa  with “running”’ and periods of less frequcnr  surfacings
with ‘“traveling  or exploratory diving. ” Warsens  and Gaskin ( 1983) reporred  a
higher surfacing frequency in harbor porpoises rrapped  in weirs or carrying radio ,
rransmimers compared to other free-ranging animals. We suggest tbirt parrerns
AI and A2 for bekrkhas  may represenr traveling wirh cu. againsr  the current.
On 28 June, M exhibited dive pattern AI as she left an area where she had
wparenrly  beert  finding for several hm.rrs and traveled sredily  north, wirh rhe
tide, until she was our of range of rhe receiver.

Respimrion  partern C was characterized by very long periods of continuous
signals wirh irregular inwrruptions. When rhe signal was tracked toward its
source, we lrxated a group of whales in water slighdy  more rharr  a meter deep.
llse radio-ragged whale was nor seen, bur rhc signals stopped as the wh~les
moved rapidly ro dee~r warer. We inrerprcr  this pwtcrn as irrdicwivc of whill~s
feeding or resting in very shallow water.

Surface-ro-dive  rime ratio is importanr in ckrermining  rhe number of whales
in an area since, in very turbid waters such as Kvichak Btiy, be!ukhus  are visible
only when rheir bodies break rhe surFace. If one were ro esrimarc  abundance of
a group of whales in a phonograph based on the ovrmill prtyxxri(m of rime [][]
s~t at the surface (3,8 percenr)  it woulrl be rwcessiiry  m multiply rhc mwtrs
from the photo by 26 to esrimare  rhe mral number of whales pwsenr,  Huwcwr,
when whales are counted from a survey aircmfr,  the view is not insranranmus
and correction factors musr be calcularwl bmcxf on !hc Icngrh  of time an arcit
is scanned as well as the kmgrh of surfacings and dives  (Davis el a/, 198.2).
The probablliry  thar a whale will be at the surftice  where ir cm be sum is cqoal
to the mean Iengrh of a surfacing plus rhe Iengrh of time an area is within the
field of view, divided by mean length of a surfacing plus rhc rnearr Iwrgth  of
a dive. The correction facror  by which aerial survey counrs cws be rnultiplicd
to derive the actual abundance of whales is the reciprwal  of rhis probability.
Using all surface and dive rime data from BB and type A 1 dara for M, rhc
mean correction Facror  for surveys flown ar 165 km/h (viewing time 10 see,
altitude 300 m) is 2,75, We made a comparisurr  of simultaneous aerial and

FROST  IT ,41., RAI)I(N’A[;(;  ING WI IAI.IS IN ALASKA 201

btsat counrs,  which suggested a rnulriplicr of 2,4 to 2,8. These are similar ro
the correcrinn (awsr used by Scrgmnr ( 1973), whu wrirmrcd rh~t in rurbid
warers of wesrern Hudsnn Bay betukhas  were visible at the surface about one-
third of rhe rime. Fraker ( 19fko),  working in turbid waters of the Mackenzie
esruary,  proposed a correctiurr  facrur of 2, and also noted that neonates and
dark-colored juveniles were gencrdly nur visible ar altirudes of 300 m imd
mnrc.  flmdic ( I 97 I ) used a cnrrcct ion factor (excluding ncwnarm  and yearlings)
uf 1,4 fur bdukhus  in Cumbcrland S[mnd;  howmcr, the water  thew is clear
and the whales arc visible bdow rhc surface.

Our rrmslrs  irsdicare  rhar ir is feasible rn radio-rag and relocate free-ringing
bdukha  whakw.  Ilw whales showed nn apparenr rmcrirrn  ro being mgged and
subsequently appemxl to twhavc  normally. The pdages  came off the whales
after approximately two weeks, and rherc was no evidence  of arrempts at
removal by the  whales. We assume rhirr  hydrodynamic drag on the packages
caused the  nylon rcsds  m migriirc rhrough rhc bide and blubber. Irvine ef /J/,

( 1982) applied similar radio packirgcs  to dorsal fins of bntrlenose  dnlphins,
7urJioPJ  /r.vnra/us,  and nuted problems wirh migriirion of bolrs  rhrough rhe
rissue, which resulted  in a maximum tracking period of 22 days. Read and
Gaskin (pros. commun.)  harf similar problems with hokirrg mdin  packages to
harbur purpoises.  Ahhnugh  bduklms  have thicker skins rhan porpoism and
dulphins (Sergemr  and Ilrodie 1969),  tlw radio packages we applied were also
shed quite quickly despite a triimgolar cmss-secriond  area of rissue  above the
bcslr of 4,> x i.5 c m .  Ilwvc appcarw-1  m b e  n o  difference  in duration  u f
arciichmertr  becwttm  the subadult”  ~nd adcsh  belokha.

Rercr-wion  time of rhe boh-thrnugh style radio pwkagc~  wrnrkl probably be
increased by mhscing  driig rhrough dimimttion  uf rhe fuam floeation, thereby
sacrificing recoverability, and by rhc use of two atmchmcnr pins. We expect
suth  moclifrciarions  mighr incrcw arrachm~nt  duration ro one or twu mnnrhs;.
however, long-rerm  rerenriun will require dcwdupmcmt nf a tag with more
anchuring puirrrs and perhaps the cmiting of ittta~hment  surfaces wirh a bio-
cumpwible  subsrwscc.
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RADIO TRACKING T1{E MOVEMENTS AND ACTIVITIES OF

IIAREN)R  PORPOISES, PHOCOENA  Pi/OCOENA  (L.), IN
THE tlAY OF IWNDY,  CANADA

AN!uI~:M, J RI:A[, ANIB DAVID E C;AW<IN1

A lIST  I{ ACr

!C,#>l  1,.ut,,,r  ,,,,,,.  s,,,,>  W, $ .uh,  [.,:,:,?1 ( 1~~  17:4 h!lb)alld .hJL”4Vt  1!8  Lh. .0$1.,18  h ‘,f  hluiY  !.4’w’I$v)
AIJ(:IM  I :9HI  ,2,,<8  MW. t Iw:{ m. dmh,,l  .r WIIU,CI  wth  IXIIII,.I.WYIJ  amnu,l,  .8wc4  fro,,,  0.3  w
PI 4 ,I,,y,  11,,,. 1,.,1,,,, ,,, ),,)<,,..  w,”  tr>wkwl  f,,, T! 4 ,Iw  ,,,td ul,l,zcd  u ho,,,.  ,.,,,:.  “w,, <of 210 kn,z
l,, ,,11  <)I,w,v,4  ,,,,,+ 11,<,  mw,m,<mt  O( ml,<,  WWd  ,“,,,”81.8<”  cwn’,d<.l  w,th 11),, ,Itr,!lm,  of l,dul  flow
m ,1,,, .,IWW  .1,;,,,,,,+,  ,,,,,1  ,,,,.,,,w+ <,r  t),{,  wi(,,,  A,),ilyw of:{ll  2 1,!),,,”  (i “(.,,1,1,,1,,)”  wq,,c,,w,  rw,v,l,d
!18,,1  ,odw tupwd ,,qmo. ww  wkntwly ,nm,w  (mm IMduwht  .,Ad WW  WI wm.  .CIW  during
0,1,(,  ,,,.,,(.ls

‘1’})]s  report  docunwntx  tlw  rwwlls of:1 study  011 the
movmnt,  nts nml  aclwl  tics  of rndi(>.ta~~wl  harbor

[xmpmses,  Pkwwtwtx  phor,wtm,  in the  Bay  of Ihmdy,
Ctmmla.  ‘The  prim:lry  ohjmtive of this reward,  wos
lo dvtcrrnine  t h<,  lIume  mnges  of imlividwil  harbor

pnrpoises  during  tbc+  summer months, The study

Ids<)  provided  msigh!s  into  the  behavior and :W
bvilies of radio  tilIwd  animals.

St.udics  of cetxcan  home rwqys  oftcu  rely m)
rrsij;hlings of t:tggwl  or naLIIrIIlly  nmrkcd  m]imals
(Irvin. et al. 1981; I{igg  IW2;  I)orsey  1!)83).  These
methods  ;Lrc>  of Iinuted  value  if mdIvIdu:Ll  mlim:ds
lmvel outsldt,  lIw  area  under  ohscrvntion  and m21y
rrsult in urb,i<,rest]lrl;i!,i<jll  of t kc, utibzvd  range. A
more c. ff<xhvc mmms of estimating home  mrqy m-m
is 10 monitor tlw  movewteuls  of mdio  tng~:ed  m.
dwidmds  (Mcl)ormkl  et A. 197!)).  ScvIvYd  recent
d IId  IPS have sucwss  fully  rmpkbycd  Aiu.trucking
tedmiqw,s in firkl studws  of cet:wc;m species  (we
rcwew hy I cat Iwrwood  aml  f.; v:ms I !)7!)). N,,tabk.
I!lnong  tht.sc.  are  lmvcsLigll  Lilms  of f)ciptt  # ,,u.Y &@/#M

1,s  Evam+  (1!)71),  of TUIWiOI,,S  lrurw,,l,,,,  by Irvilt<.

L,( id ( 198 I ), and  of  /Jtl,yf,//,lr/t!/f/c/Lt[s (i,wu  ru.+ b,y

Wursig ( 1982)

In  a prchmin;iry  study  of harimr  porpom!  mow,

[Ii<,  (,ts  ((;: Lskil\  et IN1. 1 !IK>),  we ,Iemo,)slm!l.  d th;,L
mdio  Lr:wklng  tvchmqucs  could  ho  sucrcss fully ap.
plied  10 lhIs spevws.  Alt Imugh  this [,,111A  reswwch
w;is promising, w<, f{4t (hut  the  Lrdnsmitt.cm
av:til;  ddc  at that  limv  were 100 Imgc  to kc corrwd
lIy thesu  sm:itl porpois<,s  (SM. Walsgm  :md (;nskin
1 !)8:)). The rownt dmwk,lmwnl(  OF  srn:dk.r  tmmsmi(

tcrs  aIId the  continuing uvailahility  of live porpoises
from herring weirs  (Smith et td.  1983)  have WMNW1
us to undmtake the present  sludy.

M E T H O D S

‘W study  area cncompases  i%wxanmquwkly  Bay,
tlw  channels aIId  passages WOUIII1 Ik:cr  kdnnd,  and
waters further offshore to (;rand Manun  Island  (Fig.
1). During the summer, mcun  monthly water tern.
peraturcs for tbe upper  25 m of the  w:llcr  column
range  from 6.4” iu ,lUIIC  10 11 .O”C in September
(thilcy  el al. 1954). The oceanography of the region
is donlirmt.cxi by Inrgc  semidiurnal  tides,  wbicb  have
A moan  amplitude of 5.5 m at North 1 I cud,  Grand
,M:IIIWI (AIIoIIymous  1982). The large tides gcncrtite
strong  curren  L?, with vdocities  rwaching  a mw.imurn
of 2 4 m/s in 1,etitc Pasimge  (Forresk!r  1960). Fur-
ther mfurmatiun  regarding the occnnography  of the
region  mtiy  Iw found  in Smith et rd. (1984).

Ilnrhor porpoises were  seined  from herring weirs
(Smith et al, 1983), pl.rcd  or!  a sheet.  of open  cell
(own,  sexed, ml nwnsured.  The  porp.ises were
Iihendly  sprinkled with  seawater tbrougboul  the
I++IW  procedure  to prevent  overheating. TWO 0.64
cm tiiwtwter boles  were bored  throu~h the dorsal
fin with :1 kdmrntory  c<wk  borer,  cleansed  in alcohol
prim’  to use The holes were  imrncdintely  cold-
cmltcrizcd  wIlh o histological freoxin~ spray.

‘lhnsmittcrs  W<V’C  >tttaclwd  to the  dorsal  fiII  with
t W(I 0.64  cm  dmmcter  smirdcss  steel  bolts, each
c(,vvr<,d  with  a thin skxwc  of tcfkm (SW  Figure 2).
A  thl!,, r,,,,,i,r,!n<!-line(l pkistic plate was placed
h[?lwc(!n ttw tnmsmkter  and dursA fin und  un iden-
liral  pkdx  wus  posilwwxi on the  opposit.r,  side  of the
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FIGURE l.–Thc harbor  m’voise  study area  with Dlace names mentioned in tat,  The inset  shows  ihcst”dy
area in r&tion  to the ml of tbe Bay of Fundy.

fin. The Lcflon.covered  bolts, passed through the consisted of 43 cm semiflexible whips, designed
transmitter and plastic plates, were fastened with specifically for use with marine mammals.
corrodible, low grade steel nuts. Transmitted VHF sigmals  (172-173 MHz) conskted

Tbe radio transmitters measured 3.2 x 3.8 x 6.0
c m  and weighed about  170  g  in  a i r  (Model  4 -A,  —- 

2Referen.e  LO  I;ade . . . ..s does  ..1 imply  endorsement by the
Telonics,z  Mesa, AZ). The transmitting antennae Nmi.nal  M.tine Fisbcrics Scrvicc,  NOAA.

544

-s
A

UKA1)  ,,,>,1  l; ASKIN  HAUIO  TRA(X IN,: ,, AIUU,R #V  UUY)ISW,

of 20.00 ms pulses at intervals of 0.4s. Lkhium  bat-
teries provided a maximum power output of 0.75
mW and an expected  transmitting life of 1.6.6.o  mo.
The mtlxinmm  transmitting range  across open water
was abnut  15-20 km.

We used a Telonics  TR.2  lelemetry  receiver with
a twmelwnent, hand-held diredional  antenna. The
xpproximatc  direction of the transmitter was deter-
mined by rotating the antenna and noting the

strongest signal, A digital data processor (Tekmics
TDP-2) provided a visual display of signal strenbtih,

Tbe posiLion of a tagged  porpoise was determined
either hy tracking the animal until visual contact WLS
established, or by trian~wlation from shore. In the
latter method, the receiving system was moved
along the shore, and signal bearings at Lwo  or more
locations were Rotcd. The intersection point of these
bearings was then used to approximate the position
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RESULTS

Movements

Eight  harbor  porpoises  were rclmsml carrying
tr>lnsm]lters  over tke cuurse  of the study (Table  1 ).
I )uring  the attachmtmt procedure, porpoises wore
ou(oftlw  wntcrfo  rameanof6.6min(SI)  * 1.4,
rL . 8), during  which  lime most animals remained
fiiirlys(ill  onlytwtJ[][]rIjoisese  d~ibiWda  {lytrau]]ra
while  hemg  hnndlcd;  RT5  vomited briefly, and RT-7
(:! 110 Cm ca]fl repenk,dly  Iashml its flukes. The lat-
lcr porpwse  appeared  momentarily disoriented
wkcn returned to the  wtitcr,  but  quickly resumed
~wimmin~  und  surfacing normully  uftcr twing  join.
(d hy a kirgcr  porpoise. The larger animal, presum.
;ddy  the c;df’s mother, lmd ASO been trapped in lIw
u,vir,  11111  esoqwd ovrrnight aIxl ranained  in the
vwmity  until  the udf  ’s release.

1 )uratwn  of mdm contxct  ranged  from 0.30 (RT.5)
1,)22 .4d(R’L2),  with  ameanuf  5.1 d(Sf)  ~ 7.1,
,, . 8) In sonic  ins~mccs,  Iossof  radio  ~!onl;wl  nxiy

TAULC  I–o.l.  s.,,) .,otytor  horborporpol$os  rndlo-!amodmd
released In Ihe bvos!er.  13ay d F.ndy

IWPOISO L.ng!h F,equtmq Oaeol  Dummnol
cow (cm) S“x (MHz) R“].”,”  .o,,I.cI  ( d )

H1 I 132 M 173350 050001 305
R7.2 119 M 173550 200881 224
nl 3 1.45  M 173 51xl 290782 532
131.4  131 F 173 lCUI 310882 316
RT.5 114 M 173000 310002 030
f3!.8  118 M 173700 010982 2,72
ill 7 110 M 173650 030902 183
RT.o 114 M 172600 090883 225

W411KUY 11111 .lNI’IN V411.  W Nll  4

h:Ive II(XW  due 10 Ike premature  relenw  of tko
t.rnnsmittw Imc’ktigu.  TIN.  rtmr Ixdl titbwhing  I.lw
transmitter II, tlw dorsul  fin of RT3 wus  nussiltg
whim  tke porpmw wan  idwtogrnpkwl Ii h I)l,forc
si~ti;llltbss<lc<,urrt,ll.  The  r: NliufiiI@sof  RT.Swld
l{r-7  were I)(,inx  nmnilorwl when  wmtuct was low,
dud  m hotk  casrs  tcrmimtion  of (lie  signal w:w
:dmq]t,  :1 Inttcrr]  compiitildt’  with (Iw  hypotlwsisof
Lr;msmitt<,r  kws. In our  limited ohservutions  of
r;iditj-tag~ed  porpoisw+(soc  twlow),  wc dd  not  SW
any evidenm of displacement of th<.  tmnsmilu,  r
irackage  (lrvirieet  al. 19 W).

ov<!rtl]cc  [,ur.q,t,ft llestully,  Llmce  pori.liwn were
rolcaserl  from tlw s:mtc  weir in Wlmlc (;ovc,  (lmml
MWMII.  Attmnpts  to rclocati RT-  1, tlw first porpoiw
rA.asl.d  in Whalc(;uve.  were frustr:lte<i  by fognlld
hcnvy  scns  which persisted for the entire  :Id  track.
int+prriod  luoddition, tl]eshi)rc.lirtt?  c[]nfibwratior]
of n o r t h e r n  Grtind  Mnwm provcmtcd  accurntc
triangulation. Ilowever,  the strength and direction
of thcsignal received from shorcindicatcd llmt Lkc
porpoise remnincd  in the vicinity of northern (bond
MaIXIII  until signal loss occurred. The movenwnts
of Lhcot.kc!r  tw<]{][br[][]isesrclcased  ill Whtde  Cove
(RT 3 nnd  IW7)  arc!  ill.strutcd  in Fi&-re  3A and  B.

On  30 August  1982, four porpoises were reported
trapped in ;I weir in Buck Bay,  nrtinkmd New
Rrunswick.  A fcmak, (RT.4),  accompanwd  by a 101
cmcnlf,  anda youngmrdc(RT.5)  were rckmscdon
31 Au~mst. Tl]erenr~i[li!]  gporpoise,  an{]t.heryoling
rnde(It’r-6),  w.is~gged  at]dreleased  tl]efoll{jwi!lg
day. RT-4  rmd RI.5  remained together fo rut Icwt
7 h, after whickcorltact  wns  lost with RT-5.  The
mOvmentsOf lvr-4ud  K~.6~ire dL,~licti,ll  ill MLnlre
:1(.:  1111(1 f).

The IOIWCSI  trarkitq!  sequence  rcxwrdtxl  in this
study  wastkid  of ftT.’2,  relw,lsed  nenrSt.  Andrcws,
mainland New  Brunswick. This imrpoise  spent  the
majority of its fZ2.  d trackinkr  period  wilkin  Pussa-
maquoddy  Bay, tdthough  occasional excursions were
made  tothee:wtof  Deer  lskmd  (IJig. 4). Ttwhome
rangcof  RT2, c:dcuk]ted  using  tl]eco!]vex  pt]lygon
method, was akout 210 km? (excluding kind
masses).

ftT-8, tke only  Ixn-imise  to be radio.tagged in 1!)83,
t.ruvelk!d  from its rck.osc point  m northern I’wwa.
mmpmddy  tiny to West Quoddy  in shout 48 h.
l.o~istwd constraints prevented Imm  prtciw  deter.
minotion  of lhc movtmcnls  of Lkis  :mim:d.

I,),ww3  M,,\\Z,(.I,@S  <%!  I#lI,,,.Bt,,,I,,,  ,fV,,,lI,,t  a,gfi,.ll  B,,rlD,DrIM,r
l!’!l%,~  111 lIW  1{:!s  <J Pum!y  m<.  ,,4,.:,, ,.,, $,,,,, Oiw,l’h  ,,,,,,,,,,3,  ,s
,ndw[vdlay .s1.,  A)lp\!b,l  I,,!,  <, f,>ZD,  I,<D,”C !<1:{,,[  IN(lol<wh
,kty d Lrxckl,),t  ,)t.rlcd,  III Ma8vcvn,e11W  <i  ,,<)rl)<)iHv  lrr7,  Q
Mcw,v,,,.,, !,, <!f  ,,,,  r,. u.<.  1<]4 l))  hl<,v,.,!,t.#,t,  <,l,,<)r,.),.#,  R’lw

,(,..,,  ,,!,,! 1,..  K,r.  “All,!) ,,,.+, .,.(, ,,..,,{,. ,.,,,,,, ),.,,.
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FIGURE  4,- Pmition  of gmpise  IiT2 al 1200  of each  day  of tnckin~picxl in the western Bay of J1.dy.

548

Ua

ILKAII and l; ASK IN:  ILAII1O TRACKING  llAKH1llf  IWRPOISSX

The mnvements  of three radio.tagged porpoises
(RT-2,  HT.4,  RT-6)  were tracked through the nM-
jor passages around Deer Island on seven occasions.
In all cases, the direction of movement coincided
wilh lhe direction of tidal flow. The strong corrcla.
tion between porpoise movements m]d  current direc.
tion in these areas was demonstrated on 30  August
1981, when RT-2 moved up Western Passage with
the tlowl tide, turned at slack high water  and moved
out with the ebb.

Two radio.tagged porpoises were resightsd  on
several occasions. RT-2 was observed resting at the
surface in the approaches to Head Harbour Passage
on 22 August 1981. Although the porpoise was
alone, several groups of resting animals were pres-
ent in the vicinity. RT-3 was resighted  on six occa-
sions during five of these sightings the radbtagged
animal was accompanied by a single large porpoise.
These observations gave no indication that the
transmitter packages affected tbe behavior of tag-
ged porpoises.

Attempts to relocate radio-tagged animals
demonstrated some of the inherent problems in-
volved in censusing  harbor porpoise populations.
Even with the aid of directional receivers and bright-
ly painted transmitters, it was difficult to sight a
tagged porpoise or to follow its movements after it
had been located. It proved particularly difficult to
aee radio. tagged porpoises w bile they lay motion-
less at the surface.

Patterns of Activity

In total, 39.2 h of ventilation sequences wete
recorded from four rad!o-tagged  porpoises (R’F2,
RT-3,  RT-4,  RT.7). These sequences comprised 4,680
individual dives, lasting from 2 to 195 s.

‘Mo types of signals were received from radio-
tagged animals. The most common signal was brief
(l-3s) and indicated that the porpoise had surfaced
and submerged in a continuous motion. Such action
patterns are commonly referred to as rolls (Amun-
din 197.4  Smith et al. 1976). Other signals were mote
prolonged (4-loO s) and are referred to here as sw-
face periods.

Prolonged signals received from radio.taggsd  har-
bor porpoises have previously been interpreted as
near-surface swimming (Gmkin  et al. 1975),
liowever,  visual observations of radio.tagged  animals
RT-2  and RT-3 indicated that such signals originated
from purpoises resting motionless at the surface The
strength of the transmitted signal attenuated mpidly
as the length of exposed ardmma  decreased, making
k unlikely that signals could be received at any

distince  from porpoises swimming just Mow the
surface (see also Frost et ala).

Radio-tabgd  porpoises exhibited two readily
discernible activity states (Fig. 5), Low activity (or
dative  inactivity) was chmacteri,md hy ftwpmnt sm.
face resting periods intersperswi with rolls resting
periods accounted for over 5570 of all signals i,] this
activity state Porpoises were considered active (high
activity) when resting periods were absent or infre-
quently recorded. It is impm’tant  to note that por-
poises did not rest at the surface when wave height
was >30 cm and winds speeds exceedad  13 km/h (see
also Dudok van Heel 1962, Ahdersen and Dziedzic
1964).

‘Frost,  K. J.. L. i+ Lmvrx  and R. R, Nelsom  1 %?2. I.vAi  -
gations  of belukha  whales  in coastal waters  of  western  and mrtb-
ern Abmkz+ 1982-19S3 marking and trac.ki.g  of  whdcs in Ilristd
Bay. Final Fqart.  Contract NA S1 RAC 00C49,  104 p.

J n II IL

-. ..—
FIGURE  5,–Examples of signal  patterns  used to derive activity
stat..  of mdio-tak~,.d  harb+r porpoism (#ach example represents
i c.nlinuous  record).  Activity lewd was considers+  high wI,..
si~.,ds  were domiualej  hy rolls  (si&mal  duration 1.38} Activity Id
was  comidmd low when sibpds  wcte  dominat.sd  by surface  resting
intervals (@ml  duration >3 +. ‘l’he sipal  pattern  ..&  to
,Iwnomlrale  the Ii@  activity  level (top] is characteristic of l,at-
tcn, B respiration (Watson and Gas!iir,  19s3).
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ltAiwt;Iw.tsd porpoisw  wdihilmg  (ht.  )]i~h  arlivity

slut,.  cxlwwwcd  two  vtmlilatl(m  p~tttcrns;  tkww  urc

dvsrriht,  d [usinj<  the  lermmology  of Watson und
( kskin  ( 1 !)X{),  hV, Ml d;d;i rworded  in this WI ivii y
SLM[C consi.slt.d of Ikltcrn  ]], n !x!riw  of ]ong  dives,
owl)  f,dlowcd  hy a wquei]cc. of wverul rolls (see
l,”igurc  5). 1.,>ss cwmumdy  ulwcrved  wws l>ttttcrn A,
ill WINI+ !un~k> rolls fohowt!d reiativ(!]y  shorl
sulmwrgcmw  (wklom  oxm,mling  3(J s it> duration),
Ihlteru  A was t!xhihitwl for brief periutls  only (5.16
nlin)  un~i compriw,d  <4% of all signfils  rwordcd  dur-
itlg  hi~h  wtivlty  w,qutimos.

Vwdikition  dati  rwordcd  from RT2 und RWt were
domiwiwi hy low nctivity  mquwwes, Hmvwwr,  low
aclivily  srql>rwx,s  were  not  recorded frofn  either

ItKl or  ftT7.  Although R’F2  wus  frequently okserved
resting at the sur-(ucq  t}),! loose  lmnsmitter  ydc!agc
(see shove) mused  the m]tcnna  ti>  r’etlecl  hm-kwmds,
nllowing  signal  receplion  only during rolls, Thus, it
W4S  not pussihte  10 uecurately  nm),itor  the du~atiun
of resting fwriuds  for this porpoise Data  fro!”  ]rr.7

were acquired  only during perio,is  of high wimfs  and
Iu.nvy SCAM which  prwludcd wrfncc resting bshavior.

l)emuse  surftce rmting  wa..  the criterion on which
determinations  of act,ivmy levels were  bmwd,  it wm
impossihk? to ascertain the w!tivily level  of radio.

tagg(,d porpoises in pcriufs of high winds and heavy
swIs. lb  conntrwl an uctivity  budget, there foi-~  il
was  ncwes.  wry to cxdude data  recorded during
periods when swface resling was not possildc A
told  of 10,5 h of vw)lil;~tion  swpicnces were record.
A under suck  conditions, In fiddition.  data acquired
from Ii%) were cxdudvd  because of the him imposed
hy l.hc transmitting system. After these rfom had
Imen deleted, 24.5 h of vent.iktion sequences record-
ed from  RT2 nnd RT.4  remained,

Koth KT-2 nnd RT4 were relatively inaclive  from

midni~ht  until  Oti.tl),  spending  o v e r  90% of  th is

period  in the low activity  stntc Both purpuises  spent
a Cwwderahle  portion of this tilr,e  resti,jg  at the sur.
fucc (’l!dde  ‘2). During  this period  of reduced activity,
the porpwses were schlwn  located in newsdwre
areas,  ukhougk  Lhl!y  frequented  such  areas during
uther periods. The two purpo!ses  were  highly nctiw,
for 35% (RT.2) uml 36% (1W  4) of daylight  and even.
jng Iwws (0600” until midni~ht)  (?hlde  2),

DISCUSSION

IF  I! U!VI<Y UI!I. I, KT,N v,),.  “:,, N,, ,
rt%#dLs  m, simiku’ to thow previously rcporlcd  from
r;ldiwln~~@  horhor  Imrlnmcs  in lhe r@ml ((;uskin
d d l!~75). olht,r insh4me  oduntocelv  species  exhibit
&tily m,wwmwl  3 of;1 similnr mngmitudc..  f.’or  mm,)
pk; dusky dolphins, /~!!Ii:ll(tl./i!Ill<,/LIu  ohwurlL?, Lmcl{.
cd by WOrsig (I!l+), tmvclled  a “mom minimum
dis tance”  uf 1!).’2  km wick dmy. IIowwwr,  pekigic

species  qqmrl!ntly  Lrmx!] ovl!r m u c h  grettter
distances, A pcloktic spotted dolphin, .Sfmw&z ,d
twmutu,  trackwl lJy l.c~:ilberwood  und I.jungbk+d
(1979), lravellcd  over 100 km in n I Z-k pcrioti,  while
common  dolphins, lMIJI i), us  delph is, may  cover
distmwcs of 7LJ.I 40 km wick duy (Ihwns 1

97 I ),
T}m mdility  exhibited by Lhe majorily of radio.

taggeil  fmrpoiscti  suggest thnt the ranges  of these
tinimnls  were  similm to that calcukited  for KT2 (2] O
km~). (My one other sludy has Oxmni!led  the are=
of home ranges utilized hy odontocctc cetaceans.
Wells  et d. (1980) USA rcsightin~w of naturally mw-k-
cd animals to cstimnw, the siw of Imttlenose  dolphin,
7krsioyk9  truncatw,  rnnges in the cwistal w:tt,crs of
western Florida. The mea,, home ranges  of these
dolphins varied  with ngc and sex, and r-tinged from
15 to 41 km~.  It is possible tlval Lhe appw!nt dif-
ference  in the siw of komc  mngcs of these two
specws  reflects the cxploitntion  of differel]t prey
species. In the Boy  of Fundy,  harbor  porpoises feed
prwfominrmtly  on juvenile herring, Clupm  tuucnyw
(Smith and Caskin 1974), which mhihit  n high dogme
of mobility (,lovdl;mos and  (;tiskm  I!JWJ).  1 n cuntrast,

Florida  kottlenose  d o l p h i n s  are oppm-t”r]is[~c

predators on species such as mulk!l  Muflil  crphala$,
u’hick  may  !-w more  scdw,L;iry  in nntw’e  (Irvine  et
al. 1981 ).

Patterns of Activity

The  patterns of Iiclivity  olwrved in lhv present

T.UM 2 -Acl!w!y pa!mms 01 fad,.  10Q@d  harbor  porpmws  IIV2
and RT4 ,“ 1!,0 w“%(o,”  Bay al F umdy  T ha (o-  LWIW,W Maw  wa,
chwademed  by frq.onl  wrlaco  mslmg  p+m.ds,  winch were m
frequcmt  0, nbwm!  m 11,0 IwI1  .9 CIIVIIY  W.!e  Only dam mcofd”d dur.
,,>LI  calm  ,0”0,1,0”3  I>wo  b“.”  ,ncl”dod

0h8RWa!m”  AcIMIv,  AC1,WW  As
ml. h,~h’  low s,,,!.,.

P“rpo,s” Tmle (mm) (oh) (,%) (%)
!31.2 IX200.0559

06001159
120U.  ! 759
18002359

Tutd 1
RT4 0000.0559

OGwl  159
12001759
!000.2359

1.!.1

3529
2?4 8
4352
1652

,2205
1160
370

20 mu
149 851
460  540
410 590
257 743
70 930

1000 00
00 --

907 99 901
2437 222 770

314
188
112
122
100
185
00—

136
139

t

WAI,8WI  IWKIN  II AIIUIIIL4(,  KIN,;  IIh IUI, III II, ImIIstis

stuIly  do not support previous mmt,enlions  Lhul  lhc
mcttdmlic  require  nwntn  of hmhor porpoism  (SW
Kmwisbm  und  Smdmw  1965) are w+ dull  in
diwduuls  must speed a larjq  proporiior]  of end)  day
tw,,  iL,tx4  in fmmging  hehuv  ior (.Smi[il  ml (;uskin
1 !)74; Watson  w]d Gaskin  1983).

lterhcrs  ( 1!)81)  has hypolhcnk.d  thul hdmviord
inactivity is a product uf prwhtion cffirien<y,  As
pred;ition  efficiency inwc?nws. less time is spw]t
senrc king for and  caplurinh,  prey, m]d  more Limo is
nvnilnlde  for other behavior, itmludir]g  inactivity.
‘TIvmfrm;  if Imrlxm porIMtism  me efficient pmdatms,
it seems  rwwwnable  to mggcsl  thnt only a smtill POP
tion of their &Jy would  be spent  enh~qx:d  in f[~fi@~g
bohuvior.

Many  other mammalian prednlms  me irraclive  fur
Inrge  portions of the day. For exampk,,  Serongcli
lions, Pnnlkcra  km, ure inactive for ubout  85% of
each  day  (Schnllcr  1972). Similarly, spotted hyaemw,
L’rocuta  crocuta,  are inactive for 84°1” of the day
(l(ruuk  1972).  Even the sea ottm’,  fhdtydm  lulris,
with a mctaholic rati  2.4 times llM1 predicted for
a terrestrial mammal of equal  size (Costa and
Kauyumn  1 W“), spends only :{4°h of each duy for
ntjng  (Loughlin  1970).

The ventilation sequences  rwotdml  frum RT.2  and
KT4 suggest that these harhor  porpoises restricted
the! majurity of Lheir  activity to daylight and evl!I1
in~ hours (lIbk> 2). I f a circnd  i an pattern of activity
exists, it may  be rolmcd  to the schooling bcbavior
of prey species. The structure of herring schools
hrwiks down after  dusk, as the visunl cues  used  to
maintilin s c h o o l  Slruclure  become  inoperative
(RrawtI  1960). Thus, the fish cxhibjt  a disi)ersed
distrimticm tit night, presumohly  Iimiling prey UJY
ture by prcdtitors  such as the Imrhor  porpoises,
whirh r<,ly  on  dcns[!  sclwols  to nmintam  max imum

cupture  efficiency
other  udontocete  species exhihit  various  cirmdmn

pattrrns  of mlivity.  ohscrmliuns  uf captive bottle
U<]W <kdph  i ns ituiirate  thnl,  Iikc the  hairhur  porp+isq
~hrsu)ps  is relatively inactive nt night  (Mcl<ridu  and
Ilchh 1948  McCornlick  IWM Saaym,ln  et al. 1973).
In contrast, Rnwmii:m  spinner dolphins, .Stendla
longirostn.s,  rest during the duy  :md  feed  alnlusl  ex
elusively at night (Norris und Dohl 1980). The prey
uf spinnrr dolphins undertake extensive vertioul
migmtions (Ferrin ct al. 1973)  WIIi HMY ~ III(NC’
nvaikddc  to the dolphiw  at night.
We wvre  interested in observing tlw nocturnal

hchavior  of harhor porpoises (when  they were
prcsunmldy  mknivtdy  iuactivc)  under conditions of
strmq{  winds and  hewy seas,  when surface  resting
WIS  m]t p<tswhh:  Vcntilut.  ion  d:ia  rwconlcd  fmm RT7

during 0 b-h period (0000.0500, 5 September  1 WW)
of htiuvy sew consisti! d nlnmsl cxckm’ively  of l?ittc+w
11 ticquenues.  Watson  ;md (;nskin  (1983) hww SUE
KIWI(WI  Ihot this ventilation  pnttern in expressed
prim:mity  hy fomgi[lg  porWiws,  but it seems  uolikdy
thut KT7 (n culf)  wns  forngmg  for 5 cunseculivv
hours  al night. An nlternalivc  explmmticm  is 111:11  lhe
purpoiw was  resting  uuderwlitcr and rising  to the
surfnce  for n series uf Imeuths  (free similar ohntvwm
tiuns  by McBride ond  I lchh  1948; Luync  195&
McCormick 1969;  Comfy et al.  1978).  It is Inmihlq
therefore; tlmt  harkor  porpoises engaged  in diverse
behavioral activities mny cxhihit  similar ventilation
patterns.

During the period of reduced activity (from 0000
to 0600) rwliota~~cd  porpoiws were  often located
in upen  water some distance from shore This MAY
retlect a tendency for porpoises ti rest iu arem
where  the  Imzards  of ~wift currents and shallow
waters  are minimi~d.  Otwrwations made  in the in.
shore waters of the Deer lskmd  rugion  confirm that
porpoises seldom rest at the  surface in nearshore
cnvironmcn~s  (Wntson  und  Gaskin  1983).

ACKNOWLEDGMENTS

We ttmnk W. Kozak mf the members of the Pimdy
Weir FKhcrmen Associolion  for their assistance in
this study. Sterling field assistance WJS provided  hy
C. ’rt]ulr]sol)  andn]elnkrsof  the Fundy Cctncean
and Seabird lbmrch  Group C0n8tructive  criticism
of earlier veraion?i  of this paper were  provided by l?.
Brmme  L. Murison,  F? Watts, L. White, and  two
wmnymuus  reviewerz.  This research was supported
hy Joint Contrm:t UfWf  S!! (Departments of Sup
ply tmd Serviees and I%heries  und Ocean Cmmdti).
Hnrlmr porpoises were taggd  under n permit issumd
hy 1,’ishcrics  omi oceans Canada

L I T E R A T U R E  C I T E D

AMI,N,>,N,  M
1974 Nuxtion:d  tmnlytiia  of IL,. mrfnciw  bchwio.r  I“ the

!u,rlwur  wrwmc  I,homnia  phwoeno  (1..).  7. Sm,wlicrkd
Nd 3Y31:l.:tIll

A.,,  EuwN,  S., AND A Oavuzlc
I!l(i.{  Ih.h,,vimw  pnllcrn$  of apt!..  hnrbo.r pqxmc  Iah,,.

W,WJ  j,horw!,.  L Ilull  1.,1  (lwm,,gr  M,mwo  6x1816).
1.20

ANIJNYMWN.
19w2.  (kmd!w  tide and currc”t  tublce.  Vol. 1 Tko AI IwIIK

C.:IM mId Ilny of Fumly Dqmrlmcnl o f  FMwrw  and
(),..  ”,,”  ctmwh  tnlmv”

[IA,I,H, W 13, [1  ~ M,cGnRm!t, AN1, H, B. t] ACllhX
1!164. A.nud  vdnnlwm  m ti,m[wmtum  IA nnlinily  i,,  Ike IIw

,,r  I+mdy .1 Fmh  NM. Ihard  c,!>.  1 l.w  47

551

4



1{!.,>, M,  A,
1!1S!!.  An CLSWWIX,ML  Cd killw  whale  (IJTC8UU or<.)  Wwka off

Vtmcu.wr  Idiwf,  Nrilisk  tkkuuhkt.  Rcp.  hd.  Wlmfing
(krIm,  3“G556GA

IIIMWN, V. M.
]9W. Swwmal  and diurnal w.rtiwl  distribution d k.rrirw

IClupm  1(.WPVW 1.,) in P.ssmwq.ddy  11.x N.11  J. Fi$~
lfes.  Board (2+”,  l7:mS-71 1,

CONIW  1! It,, k. J. VAN AAWW  AN” M, N. HESTER
1978, Tke smsnmd  ncc.mmme  ant l~,haviour  of killer  wkafes,

Orti,,tu  mm,  81 Mario,,  Ish+nd.  J, Sod (frond.) 11J4449.4G4.
Cow.,  D. fl,  AND G.  L, KOOYMAN.

1982. Oxygen  consumption tkennoregutation,  and the effwt
of fur  oiling  and washing on the sea  otter,  En&fra  [tih&
Can.  J. Zcml.  602761.2767.

DORSEY,  E. M.
19M4.  Exclusive adjoining ranges  in indhidwlly  ide.lkid

mink.  whsles  (Bafaenopoma  acutorostrcti)  in Washington
Stak  CarL J. 2..1, 61:174-181.

DUDOK.  VAN HEEI+ W. H.
1962,  Sound and C.-.  Neth.  J. Sea ffes  MOT-567.

EVANS , W. E.
1971. Orientation behavior of ddphinids  radio  tdwnet.ric

studies .4...  N.Y.  Acsd, Sci. l%kl  4Z.160.
FORRESTEF$ W. D.

19G0,  Current measurements in Yassarnaquoddy  Bay nnd the
Bay of Funds  J. FM, F&s,  Board Can. 17:727.728.

GASKIN , “D.  E., G. i.  D. SMITH,  AND A. f? W.T30N,
1975. Preliminary study of  harbor p.xp+ises  (PhGw-  ph..

mena)  in the Bay of Shndy using  radiotelemetry  Can. J.
Zool.  531466-1471.

HSRBERS J. M.
1981. Tirn.s  mso.rcms  and Iminess  in animals. Oeccdc@

49252.262.
IRVINE , A. B., M. D. Scon,  R, S. WELLS , AND J. H. KAUFMANN.

1981. Mowmenti and aclivith  of the Atlantic bettlenose
dolphin, 2krsiops tnmmlus,  near Sarasota,  Florid%  Fish,
BuU.,  U.S. ‘79,671.68S

IRVINE , A, B., R. S. WELLS,  AND  M. D. Scur?.
1982. An evaluation of techniques for fa@Ig smafl  odon-

tc+ete  cetaceans. Fish.  Ball,,  U.S. S0:135  .143.
JOVZLMNOS,  C L., AND  D. E. CASKZN.

1962 PredidinE  the movements  of  juvenile Atlantic herring
(C1.IWa  Jmvenpus harmgusi  i“ the S\V Bay .a[ Ftmdy  “sing
computer simulation tmkniques.  Can. J. Ftsh.  Aq.aL Sci.
40139.146.

KANWISHER,  J., NW C. SUNUNES.
}965.  Physiology of a small  cetacean, Hv.alradets  Skn

48.41.5s
KRUUK, H,

1972,  The spotted  hyaena A study  of predation and smial
hehavio”r.  Uni.,  Ckicmm  Press,  Chic.  335 m

L.YNE,  J. N.
195S. Observations on freshwater dolphins  in the  up-r

Am-n,  J, Mammal.  391-22.
LEATMERWOOD, S., AND W.  E. EVANS.

1979. Some recent “s.s  and pelentials  of radknelememy  in
field  studies  of celacmms.  At  N. E, Win. and B. L. Olla
(editors), B&vior or  marine animals, Vol.  3 CetaceanZ,  p
1.31. Plenum Pros+, NY,

LEATI{  S“!WOI),  S., AND  D. K. I,, UNGBL&D.
1979. Ni~hltime  swimminr  and divinz  b+havicm  of a rd..

laggd  S-WtLCA  dolfdd,~  S;,.1/.  &&Q.  Caology  34,6 f,.
LOUGHLIN,  T R,

1979, Radiotekrmtric  dd.crmi.  ati..  “f the 24.hour feeding

552

Plsllfllw 81! I.1.KTIN.  vol. w. N(I 4

am iviliw of w ctlec+  A’mhyfrm  f u tris.  {n C. ,1, A IIdww
“nd U. W. Mucdmw.hl  (dilors),  A kmdlmok  on hiot,4cnlcLry
and radio  tmckin~,,  p 717.724 l~rkpnum  I)rms,  thf.

MACI.INALb  1). W., f? G.  B.LL, ANU N. (:.  HOIIGH.
1979. The .wdtvaliou  of home  ra.Ee skc and Confibmmliou

“sink. radio  Wacking  ,Falx AI C J. Audatwr  sod fl W! WV
donakl  (.dtfnrsk  A htmdlmok  on hiuwlcvnctry  and rdiu  lmck.
ing, n 405.424. Perbqmon  l+%  oxf.

MC[tRl”E,  A. F., ANIJ IS, O. [[.”8,
1949, Behavior of the  eaptiw kQL1lemMe  dolphin, ‘fhmiofx

trunudux  J. Cmnp.  Physi.1.  P.yckol.  41:111.123.
MCCORMICK, J. G.

192.9,  Relation+,  of sleq+  req ir.tie”, atul  anmllmsia  in the
Wrlwise a Preliminary report. Pm Nat,  Acad.  Sci,, U.S.
6S$97 .763,

NORRIS, K. S., AND 7! P. DOHL
1980. Behavior of the Hawaiian  spinner dolphin, A%mello

10Wir09t7i8.  Fish B.\).,  u.S. 77821.349.
PERMIN. W. F., R. R WA  fIME&  C, H. f%cus, AND D. R HOLT8.

197s Stomach  contents of pmpoise,  .WZMUQ,  spp.,  and
yellow%  tuns  7R..nus  afb.mnns,  in mix.sd.spcies  aggrew-
tions.  Fish B“Il., U.S 71:1077.1092,

REAQ A. J., AND D. E. GASKIN .
198s,  The application of  radio tracking fech.iqu=  to the study

of harlw.r  porpoises (Phcuwna  pho.xm)  in the Bay of
Funds in D, G. Pincwk  (editnrk Prowedi”gs  of the F&rth
l“t.mmtio”al  Conference on Wildfife  Biotelemetry,  p.
S46.352, Haf@ Nwa  Scotia.

SAAVMAN,  G. s., C IL TAYLER, AND D. BOWFXL
1973, Dkmml  activity cycles in captive and f--ranzi.g

bottlen.ne dolphins (lkrsiops  adxncus  Ehre”burg).
Behaviour  44212.SS2.

SCIIALLE%  G. B,
1972. Tbe Serengeti  lion. A study of  predator.prey relations.

Univ. Chicago ?ress,  Chic, 4S0 p
SMITH,  G.  J. D. IL W. BROWNE, ANB D. E. CASKIN .

197A fhnctio”d  myology  of the  harba”r  porpoise  Phrx-
PAGCW.Q  04.  Can. J, ZOOL  54716.729.

SMITH,  G. J. D., AND D. E. GASKIN.
1974, The diet of  harlmur  porpoiws  (Phcama  PACXOOIQ  (L.))

in coasaf  wav+rs  bf  eastern Canada  with special refer.”..
to the  Bay of fi”dy.  Can. J. 7ad. 52777.702.

SMITH,  G. J. D., C L, JOVELLANOS, AND 0. E. GASKIN .
1964. Near-surface Ldmxeanographlc  phenomena in the

Quoddy  I@on,  Say of tindy.  Can. 71ch. B@p.  Fish. Aquatic
Sci.  Na 1286, 124 p.

SMrrs,  G. J. D., A. J. RE.Q  AN” D. E. GMKIN.
1983,  Incide”kd  calxh of harknr  ~qwi%  Phc+wuz  phoccena

(L.), in hcwkw  weirs in Charlotte CO.nLy, New Brunswick,
Canada  Fish. Bull., U.S. 81:660.662

SPRINCEFt  J. T
1979. Some  sources of bias  and sampling error in radio tri.

angulatiom  J. Wildl.  Manage  43YJ6  -935.
WAT20N,  A. P., AND D, E. GASIUN.

1983, Observations o“  lke  ventilation @e of the harbnur  for.
poise Phmena phocom (L.) in coa.+d  walers.{  the fkdy of
Fu.dy  Can. J. ?.co1.  61:126.12S

WELLS.  ft. S. A. B. Itwuw. mm  M. D. SCOTT .
198o. The social CC”IOLT  of inshore  mfo”tocetes,  In L. M.

Herman  (editor), Cciawn”  behwi.r  .wckanisms  a“d func-
tions,  p. 26$317. John W@ and Sons, N.Y.

Wullsm.  H
1982.  Radio  trmki”g dusky porpoises in the South A1lanlic

1.  Mammals  i. the  SF=,  WA 4, p. 145.160,  FAO Fisheries
Series  Na  5,

-.-b

I

I



f ~,&5--- 1 .

——
—  ——

~~~~
~ —  ~~~
~~ ~~~~~
~
CLS Serwce Argos  I& avenue Edward Sehn  31055 Twlwaa  Cedex Ffanca  T41 61274351 T&lex  531752 F
Service Afgoa  Inc- lrglm@3d  oiliee  Center II annex 1S01  MC Conrwk  Dnva Landcber  Maryland 207S5 USA

146

gg!g$&&!!im~~EWSLETTER ~
COLLECTE  10 CAL ISA rlON  SA TEL  LITES

~~~ mm
. — —  .

.

. .

AN ARGOS-MONITORED RADIO
TAG FOR TRACKING MANATEES
~ background

Field applications of
satellite-monitored
radio tags to m2rine
mammals have had
short-term success

during experiments with humpback
whales (Mate et al, 1983) ad 8raY
whales (Mate et al, 1984) This paper
deseribes a totally new tag design for
an Argos PTT and ita Performance
during its first  field trial on a weat
indiarr  manatee (Tkichechus  ntartatua)
along the west coast of Flori&.
The manatee is 2ss ertdmrgered mammal
and a fulfy aquatic herbivore These
animals typieslly  #m slowly in shallow
waters and feed ahnost continuously
on freshwater and marine plants. In
the summer, manatees are found as
far north as North Carol- but
during winter their range extends
north ordy as far as Florida. These
seasonal changes in distribution
refleet the manatee’s intolerance of
cold water. Most of the derailed
information avaifable on the
movements of individual manatees
has been colleeted with short-range
VHF radio tags during the winter,
when some manatees go up a few
rivers having warm springs. There is
little information available on the
movements of manatees from March
to November, because the animals
move into saltwater, where the short
range of VHF radios precludes
tracking. Such information is
important for an understanding of
manatee home range foraging
strategies, and energetic.

methods
On 5 February 1985, a captive adult
mrde martat~  named “Beau”, was
fitted with a Telonics Platform Terminst
Transmitter (P’fT)  in a speeialiy
designed housing. Beau had been in
captivity since January 1979, when
he was found in Gulfport, ,Mississippi
suffering from cold stress. He was
originally rehabilitated at Sea World of
Florida and then moved to Homosassa
Springs Attractions. Prior to its
tagging, the manatee was moved to
the Homosassa Spring itself, which is
the source of a tributary running into
the Homossssa  River. The tagged
manatee was limited  to a 500 m diameter
area for two weeks by a wire fence
crossing the tributary. During this
impoundment, we evaluated the
accuracy of PTT Ioeations, the

xrformance  of the attachment and
:he manat@s behavior. The manatee
was released into the Homossaaa River
14 days after tagging (19 February).
I%e release was made two weeks
xforc offshore water temperatures
were  expeeted  to be warm enough for
manatees to tolerate so the released
manatee might “learn” that rivers
were warm water refuges. Fifty days
sfter ita attachrnert~ the FTT’uipped
smrratee  was located with a Telonics
rR-2 Argos uplink receiver and the
PTT was removed.
Ilre U.S. Fish and Wildfife Service
kveloped an attachment system for
VHF tags (Rathburn, in prep.), which
was sLso used for the PTT. A strap
srotmd the eaudaf peduncle of the
manatee secured a 2 m flexible nylon
md by a swivel. At its other end, the
nylon rod was attached to the floating
PTT  through another swivel. The
relonies-built PTT was housed in a
PVC tube 35cm long and 4.5 cm in
diameter. Both PVC end caps were
made water-tight by O-ring seals.
One end cap was a 4.5 cm long cone
designed to shed weeds which attached
to the nylon rod through a swivel at
its tip. The other end cap was flat
with a stainless steel insert to act as a
ground plane and base for a 12cm
external wh]p antenna. The positively
buoyant PTT floated vertically with
the antenna and 3-4cm  of the housing
above water when the manatee
was not swimrnhg.
The PTT transmitted once every
minute and sent activity and PTT
temperature data encoded as 32 bits
following the PTT identifier. The
activity data related to mercury
switch closures when the PTT tipped
more than 90 degrees. Transmissions
included summaries of the number of
times the mercury switch closed in
the preceding 30 minute period and
during the previous 6 hour period.
Internal temperatures of the FIT were
measured to the nearest 0.03 degree C.
Service .&gos calculated I@tiorts when
enough messages were avaiIable
Locations were calculated on the
basis of 3 different Service &gos
criteria. Location and sensor data
were recovered from Service Argos  in
three ways. 1) U.S. Fish and Wildlife
personnel collected telex files at least
once each day using a Radio Shack
Model 100 portable computer to
interrogate the Argos  computer files
through Tymnet and Transpac;
2) OSU personnel collected dispose files

.~

every t2 hours on an IBM PC/XT I
through Vmnet and Transpac; and ~
3) Service Argos supplied print outs
of all received data. This paper I
analyses the differences between
these 3 data sets and their relevance
to biologists collecting field data.

results

Control observations (before release):

During the 14 days before the manatee’s
releas% 105 orbits achieved elevations
greater than 5 degrees above the ITT’s
horizon. Daily checking of the telex
files ~evealcd 17 Argos-determined
Iocatrons  from the impoundment area,
while twice daily checking of the
dispose files reveafed  31 locations. A
print out from Service Argos revealed
that 443 messages were received on 80
of the orbits (76’70 ) achieving more
than 5 degrees of elevation. Sufficient
data were received on 46 orbits (44070
of those > 5 degrees) to calculate a
location. Table 1 shows the distribution
of messages between orbits acquiring
new data and what Serviee &gos criteria
were used in determining locations.

❑ Table 1: The classification of
80 orbits which squired new data
(during 105 orbits >5 degrees) from
a PTT-tagged  manatee in Florida
from 5 February to 19 February 1985.

The ability to calculate Iocations
from more than one orbit accounted
for 6.5%’o  of the calculated locations.
There was art average of 3.3 Argos-
deterrttined locstions/day prior to

release of the tagged manatee During
most of this time there was a transition
occurring between the use of NOAA 6
and the testing of the new NOAA9,
so that only NOAA 7 was  operating
dependably.
The mean latitudea and longitudes of
the 46 locations were not significantly
different from the true geographical
center of the spring. The mean
distance from the Argos determined
locations to the center of the spring
was 313 m. This is art excellent fit
with the actual dimensions of the
spring arcs (250m  radius),
particularly as the manatee could
have been almost anywhere within
the spring. An analysis of the
distance-s from the spring center to all
Argos-determirred locations revealed
that 45’?0 were within 200m, 65Q0
were within 300 m and 80’70 were
within 400m.  Only 6%’o of the
locations (n =2) were outside of
600 m and these were both less than
2 km from the spring center.

- .
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The temperature of the sp~
consistent. The mean FIT  temperature
for 292 transmitted messages prior to
release was 23.70 degrees C.
Temperatures from 21 to 25 degrees
are most fikely and 95.2’1’o of rdI
message-s were within this rang%

Fourteen messages (4.8’T’0)  reported
temperttturea outside this range ASK
analysis to determine if bh synchrony
erro~s were responsible for some or
all of these messages was not
performed. Service Argos predicts
that bit synchrony errors wilf be
responsible for errors in as much as
15%’0 of the reported data when all ~~
256 bhs of sensor data are sent and
may account for some of the
observed errors.

Post-rel~se:

From 05 February to 15 March,
52 locations were acquired from
dispose fries. The manatee stayed in
the Homoaassa River for 4 days and
then moved northwest about 75 km
along the nearshore ocean over a two
day period to the Suwamtee River,
where many manatees commonly
spend the summer. After 22 days in
the Suwamtee  system, the tagged
manatee moved approximately 50 km
south to the Whhacoochee  River,
where he stayed untd the tag was
removed 7 days later. When the
manatee travelled from one area to
another the activity sensors reported
ti~gh counts, confirming swimming
activity, When the animal was more
sedentary, the activity sensors
reported low counts, which probably
reflected grazing activity.

The mean temperature fmm 738
messages foI1owing  release was
21.81 degrees Celsius. ‘fbmperatures
as low as 17 degrees were recorded
during the animal’s open ocean
movements between the w~er ~tel
of the Homosassa and Suwannee
River systems. Daytime temperaturti
(0600-1800) were significantly lower
(mean = 21.26 degrees C, n = 406)
than night (1800-&soo)  temperatures
(mean = 22.49 degrees C, n = 332).

The reason for this difference is not ye
known, but likely reflects a change
in manatee activity patterns. Because
night observations are very difficult,
sateltite-monitored radio tags are an
important tool to discover differenc~
in diurnal movements and activity
patterns.

discussion

The number of Iocations/day
increased dramatimlly  once NOAA-9

was brought into regular servicq
resulting in UP  CO 8 locations/day.
Fewer locations were received when
the animal was actively swirrrmihg,  as
indicated by large distances between
successive locations and the activity
sensors.
Among  alI the marine mammtis,
manatees are probab[y the most
suitable for sate[[ite  tracking.
Although they inhabit sub-tropi=l
areas where satellite passes are less
frequent than at higher latitudes,

manatees are shallow water
inhabhnts  and generally slow
moving. Thus,with  a floating
transmitter, regular transmissions can
be expected. This experiment
demonstrates that it is possible to
satellite-monitor animals in marine
environments for relatively long
periods of time. Activity sensors and
temperature data have proven useful in
confirming the manatee’s movements
and habhat preferences. ‘
Both dispose and telex files worked
well for a once daily assessment of
manatee movements. Our ground
truthtng  before release was accurate
enough to detect small scide movements

~ for habhat utilization studies.
The calculation of a location for

I 76qo  of all orbha obtaining data is
I the best record ac~leved by anY
I marine mamma!. However, 10 orbits,

which acquired 5 to 10 messages,
failed to achieve a location and
represented 21.7V0 of all orbhs with 5
or more messages. This may be a
distressing factor for other studies of
marine mammals, such as whales,
which can not be expected to have
nearly so many messages/orbit as
manatees and for which ground

truthhtg will be quite dlfficuk~ We----
recommettd  that Service Argos attempt
to provide a spectrum of user services
with more fkdble  software options
when they next have an opportunity
to redesign their systems. Examples
of useful user options would inchsde:

1) location determinations from as
few as three messages, even with
reduced accuracy;

2) dmct access to full data sets in

rs

,

t

archives and

3) retention of disposeAelex  files for
longer periods.

This paper is only a preliminary
report of an experiment which is still
in progress. Fifty days after the initial
tagging, the manatee was ieIocated
and the PTT removed. New batteries
were instded  and the PTT was
reattached to the same anima[. As of
20 May the PIT  was still attached
and performing well. Aa ocean
temperatures warm, the PTT-
equipped manatee may start ranging
farther from the river systems to use
the nearshore waters of the Gulf of
Mexico. This will be exciting, as

virtuafly nothing is known of
manatee ocean movements.
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o 3 4
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3,79

1 42.5 3.79

I 3,8
Location from 2 consec. ~
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orbits

~ — _ _ _ 3.8
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2 Passages de 2 satel.
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of 2 sat’s
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,~p 1 acem(2rlt  7 ~1,~  ~::chan~r+d  with a V H F  trtwlsmittct-~  44 days  a$tel’

it was attached orl ~ F*~t’uwY  1985. The  I“TT was r e a t t a c h e d  cm  15

API.ll  and +Unc’cioned  for 62 days, until its b.attet;y  failed on Is
June 15’83. The data On B=aLlt.e!3a1’d inclL~d=d in this PaPe(- “.=
preliminary. A c o m p r e h e n s i v e  analysis  is in prepat-ation.

RESULTS
Spatial Distribution

. . .

Beauregard was successfully located by satellite ‘at””least “-

227, times at the Suwannere  River dut-lng  83 days (mean=2.7
lncations/day)  b e t w e e n  2 4  F e b r u a r y  and 15 J u n e  19B5 ( f o r  more

d e t a i l e d  analys=s  see M a t e  et a l . .  1 9 8 6 ) . Beaut-egat-d  used fout-
principal ar”eas at the mouth of the river (Fig. 6). In
dect.easing  ot-der  these  wet-e  the  mouth  of  East  Pas< (Segment G in

Fig. 6), Barnett Creek (Segment H)! the mouth of West F’ass and

the reefs just not-th of West  GaP (Segment E), and the mouth  of

S a l t  Ct.e=k ( S e g m e n t  C ) . These  ate all principally estuarine

areas between the river itself and the offshore oyster bars  (FiS.
6 ) . He also used the headwatel’= of Sevet’al ‘mall ct.eek5V but
t-elatively  few locations were in the river channels and d!.edged

canals.

tlovements
Twenty–+our  manatees  fitted w i t h  V H F  t-adici tt.ansmitt%et-s  (13

males, 11 ;emales) dispet.sed from CFystal Rivet. with fLmctionin9
units du).ins the six winters of tagging. The fLw?thest  or last
locations obtained from these animals (in decreasing order)
before their signals were lost or they returned to Crystal River
were Suwannee  Rivet. (11 manatees), Withlacoochee  River (4), Salt
River (3), Crystal River and FFC efflLtent  (2 each) , and Homosassa
and Chassahowitzk.a Rivers (1 each). Two manatees (CROSM and
CR2111)  each made an additional round-trip from the Suwannee River
back: south to the Homosassa River in one case and the
Withlacoochee  River in the other. respectively. A third (CR172M)
made two round-tt.ip  journeys south during the same summer. He
was tracked to the mouth of the Suwannee on 25 March 19i?4 after
being ta~ged on the 12th at Crystal River. On 4 Apt.il he
returned to Crystal River and then on 24 Gpril he was back at the
Suwannee. Cm 29 Opril he was tracked at the Withlacoochee  River
and on 6 July he was seen at the mouth of the Suwannee Rivet.
again. He was last tracked in September at the Suwannee.  In
early December. he returned to Crystal River for the winter,
without his radio assembly.

The tt.acl:in~ data from the instt.umented  manatees can be used
to assess the t.elative LtSe of the major- l.lVet- SySteMS. Only
animals tagged at Crystal River and loci determined
electronically ino visual sightings) were Llsed. Most of the
locations were determined dut.ing the coastal aerial surveys,
although some also were made from share or- boats. No attempt was
made to correct  for effort nor the different lon~evities o+ the
transmitters or attachments. These data (Fig. 22) indicate that
there was mor~ tra+fic  +rom Crystal Rivet- to the north along the
coast ( 4 1 .S% o+ movements) than to the south (17.6Z) and
rel.atlv~.ly l,ittle movement occur-red directly between sites
lacated north and south o+ Crystal Rivet. (11.8%). There was much
more tvaf+ic  betwpen  sites located nmrth  of Ct.ystal River (25.5%)

than b~tween  ~ii;es SciLtth o+ t h e  t.ivcw i3.9Z)  . The waterways that
were+ the +Incus o{ most tra++ic (in clec.t.=asinq mrdet-) were the



1 1;)

(: I yjt+l, N] I,lil:i (:()( l(-l>t .(-?, ;;,, P,,.,,,,,,!,>, ar)(i  ll(lmt],,a:,,2<~  l;iv(~!-~ atld Lhe
I 1“’(1 l,,. IWLW> pl.\IIL eiflut?lit canal (I-19.  ::i) .

111>[  .Q41C,  (-, OS tll(?  [Ilftli.  ulty  of iol lowlny mal~at~=c!. ]nstrumk.l,ted
\./ I I h Vlif - 1,. .1, )!,,,,1  t I, PI.T= ,,”(.,. ]C)rl<J  llel.llJ& Of tlfl\E,, W- have  tleefl

1111 <at) 1(s  t,, ,I(?tl?,. mlllc? thr? tt-avel  ].oute~  ma~~atepsj  use between  t.l  vet-
+)’+tc.rn+  a n d  tlclw  f;\5.  t ttley  L,.  :l”c.  ] . Sat6*llite  telemett.y  has Ilelped
t.~d(.!(-e  th]>  dc~td  qap. fitlc?t-  [+C~LU-eqat.d  WA5  tacjqud  at the
t,i?adwatet.z  of L.lte  Iiomo%.  +ssa I<lvet., lie movrd  slcJwly to the mC)L(th
(?t the 1. lVP!- 1(1 tb~[l d<~y S. iJfl the fml.!t-th  day he swam not.th.
l.~.lcll]nq  Ccddt.  t,~y% wlth]rl  2::.. I hctut.s. lt l.c]ol h i m  a  ma:<imum  o f
.-, l]r, the,.  XI. T, )),,,11 -’s tcJ r-earh the mouitl uf the !%wannee Filver.  fvom
[,c?dar- I eys (F”I.cJs.  1 and :x). Ft-mm  24  FrA)t.ltat.y  tl}t.cnlc]h  1111 March
19FI!5  he tema]m~.d in the= af. ea of the SLIwan”ee RI VC?I. . He tool: less
tha(l 16.5  hOLIr  S to move from the mo~!th of the Suwannee River to
Cedar k.”ey and another 27.5 ho(lrs to reach tl)e mouth of the
(’)) thlacnochee Filvet. on 19 Iqa,.cf, 19f35. The Cedar }’eys locations
Indlc.atf? he p!-ob ably swam near shol. e (Fig. .3) . !3eaureSaf-dls FTT
was t.emoved  at the WI thldcoochee River (Fig. 7) on 26 March 19S5
to!- batte,.y  replacement, and was exchansed with a VHF
transmitter. Cm 15 Apt-l] 196EI EIeaLlrcgat-d  was fOLQnd back at the
Suwannee River-, when the Vt+F unit was r-emoved  and the F’TT  was
I-eattacl,ec!. He remained  at the Suwannee i~ntil 15 .JLlne,  when the
batter.les ln his s~cond  FT1” failed. FoLIr vlsudl sightin~s  were
made In the  area of the Suwannee  River  (l)OL(ttl between  21 June and
21 .JL{ly 1985,  w h e n  t h e  i n t a c t  F’TT  was removed. The fate of
Heaureqavcj  IS unl;nown since this last slqhting.

The data gathered In 19S1 from the three Crystal River
manatees that were tracl:ed intensively are especially interesting
becaLlse It is the first detailed infer-mation on movement patterns
wlttlln the r)ver. The three showed different  patterns based on a
common theme (Fig. 2.3) . They all were dependent on the at-tesian
sprinss In Kings Bay for warm water. and made fot.aging trips away
from these sites. Most of these trips fit a pattern  of leaving
war-m-water sites ln mld-mot-”ing, slowly movi”~ into centl.al ~,.
not.ther.n L1ngs Bay by afternoon, and then swimming downriver at
dusl.. The animals often w.azted at the confluence of the Salt
filvt?t.  fat. hlqh tide, when they ~wam either- out Salt Rive,. to feed
On the Ruppia, ma,,itima beds ass~c~ated with Salt ~lver. and.—
Cr-y5tal EIay, or. down Crystal River. to the ~. mar.~t,]ma beds along
the banl:s of the !.lver. mlij-way to the mo~(th. During these fnr.ays

into salt  water  the ‘caqcjed manatees often were lost due to signal
dttenuatlon (belt-mounted transmitters wet.e. used). By dawn the
r,e::t mot-nlnq they would b[. bac~. In }.;1(,9= h-y “es,. ~ ~pt.lng. This
!:attet-n was bc-st I 1 ]ustrated  by Bc.t.t (CF:27.tl)  (FIq. 2:9). The
rrII-c?e manatc.c .?, dltter.ed,  howevet., In the amount of time they
:-pI~ni rII.fi(.  S(>V Inqs, the number of trips they mada away from these
: Ii. es, and the distance thf=y t,.avelled. The ve]atlve lmpor-tarlce
,,! dl tte(, ent sect inns  of the t.lvet. was obtained by tabulatlnq the
loc.ati cm:, mt l.1~+.=.e ttll.ee anlrna]s pet. ,.IVPI-  so:,mc.r,t  (Table z).
,-:!1-  1), 7 :,:,. (I{ i.llc> ICIcl iell wlthlri I Inqs l<av, wh] 1P  ea~h at tt]u
$ ; :!nl<?r1t5  dc!vJ[ll 1 \J@. I)?d 1~.stw~c,n  O and Ijedr-  l:,, 7.OZ of the
1, <-. .,( )”);.;. ~~r,r...l~ur>r>  t lIICJZ ha), we,: i,r) lmpt~l-t.<nt .~qql.e,qai  10” slt E,,
1 C,: lclc] TL,l, t,f{ch afjlmal  wk.,.c,  p],,tj.c~(j  or, IW,c.1(.-!>l-dlt!  .(L.I-l<il

,,, ,,, ,. .”, 111., !,-9 lJi 1111.. I),lv. Tli,, dlst,.ll)ut I(N, pJtl (?,.IIs iot. tl, o th,. pe,

IIlclllat.  (?(,’i !+l $1.(? V1. t.y ?. 1(111 1 <11. {Fiq. ,24), tll.{t.  Shllw(,  cl !3(311)(?  llltcl. (s!3t Il)q

var.]atlnn that w,!% c-lt~scIly related to their dl f {el. [?{lt p.+ltel.  ns of
m,]vem,.,nt  (Fly. .?:. ) . Hart  used tlII?  Plain ~prlng  area a= a war(n  -

watet. t.uftlgc,  hl(t m a d e  fi.rs.luent trips  intO  m i d - h a y  a n d  twO  10ng

tl.  lps rtOwnt.  lvet.  . Gus (CR108M)  used two wa).rn-water  sites (klain
Sp!.lrlq .ar,d M.~q(iDlla  Spring) for lmlg periods of time. Wtlen he
ll?ft t,hr?~;f?  r.et~(qes (three times) he made long trips clown river.
F!cl..le (Cli41F) was the mmst erratic of the three, spc!ndlng  little
t  Imt+ IrI  ,~ny  majot. spt.lng,  but occasionally visiting the edcje~ of
Tarpon Arid Magnolia Spr-inSs. She Spent  much c!f her time in
r)r~t-tl)~t-rl  t ings  Hay  and downr  iver.  . Unfol.tunately,  i t  i5 n o t

possible to r~..late the different movement  patt=rns  to changes  In

ttle  envlr.cmment,  because there  iS n o  w a y  to L(nravel  t h e  effects

of temf,el.atLlf-e,  time  a n d  individLlal  variatinn  in th15  5mdll

samp l e . ~ compaslte  of a l l  t h r e e  a n i m a l s  (Fig. 24D) clearly
I llustrates that nearly the entire bay was used by these manatees
at some time. The composite also shows those areas of the bay
that were especially important, sL!ch as the 5P~.1n9S.

SIec.ause  we radio-tracked the five Homosassa animals
opportunistically, we were not able to determine actual movement
patterns of Individuals, as wa= done for C~.yStal River-. A diel
pattern was observed, however, that was similar to the manatees
tracked at Crystal River. In mid-morning (cd. 9:00 a.m.) they
started to leave the immediate areas of warm water and spent much
of the day dispersed in Blue Water bottom-resting, milling
around, and interacting socially with each other. In late
afternoon they w0L41d start to swim down river and by clusk,  ot”
soon  after, they would reach the confluences of Salt River and
Frice Creek, where they would feed on the dense beds of ~.
maritima and Fotamoqeton pectinatus that grow on the mud flats.
The next morning, they would be back in Blue Water. The manatees
only went up to the Fish Bowl Spring when it was exceptionally
cold and when there was a high tide that allowed them to swim up
the shallow channel. Most often the animals aggregated near the
boat dock downstream of the main (fish bowl) spring at Homosassa
Spr-lnSs  Natur-e  World Attf-action  (Fig. 15).

The floating transmitter housin~s and antennae were colored
dlstlnctively, which per.mltted visual iderlttflcation  of the
tagqed manatees (often by the public) W1thOUt the ald of the
radio signal. These sightings, along with those based m
distinctive scat. patterns, pr-ovided  additional informatlOn On
movements. The fLU.thest  nor+th that known individuals travelled
from the Crystal and Homo’aassa Rivers  was the WakL~lla  River on
the panhandle o+ Florida (Fig. 1 and Table 3). To the SOLlttl,  the

+urthest  t.ecarcl  is Sanlbel Island neat. Ft. Flyers ( P o w e l l  a n d
RathbLlrl,  1984). There at.= two t.ecords from Tampa Bay. The
tvansml ttel- on CFilS6M +ai led soon after he was tagsed,  bL~t he WaS
~eeri In ttiv Tampa Flay area by members c]f the publlc o(1 fuc(l,
occa=lmn,.,  d(.,1.]nq the summer of 19R4. Locations included Hoc.a
LleqcI ik!y, 11).? 1+11 lsLlOl.ouqh River, ancl the ~la+la Rlvel.. I“h+,
S(. co(l(l ( ,+! .(, w<., TtlT2t-i,  who wd~ nclt radio-taqgert, but wa~
] dent I f I -d several t ]mt?s. I)y ttlc. vc. !,y c.tlst  Inct ar)d large WI) I ir,
SC:il 011 111% br~cl . tie was f]!.fit.  s]qhtod at the TECU .Hiq F417~Id

I>owt,l-  I!lcll)t  (.+ i lll(?IIL  In lampa h-v ]n Fetll.llrary 19135. 11> {)(4:1({!  (.
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SERVICE ARGOS CENTRE SPATIAL DE TOULOUSE 18 A~ EDOUARD  BELIN 31055 TOULOUSE CEDEX  TEL:(61)  5311:2 TELEX 531 D81 F. FRANCE

SUM D’ANIMAUX
ANIMAL TMCKING

Ilmetteur
parer Dauphins

Le Semite National am&icain de la
P@che  Maritime est en train de
d6velopper un 6metteur  paur l’&rde
des dauphins en relation avec la
p&he  du then ● “aune ● clans la zone

btiopicale Est du acifique  (fig. 1).

La sauvegarde des dauphins rkcessite
des information relatives 5 la
r6@tition, la rnigmtion  et Ie melange
qui s’op&re  entre plusieurs espkes.
Les mdthodes  conventiomelles
dacquisidon des donn&s  par des
natires ou par des avions sent
excessivement  ch~res & cause de
I’@tendue de la zone d&udes  (environ
13 krn2) et de la dur6e de I’exp&rience
(1 an). Le suivi par satellite setait un
moyen tr&  efficace  d’obtenir  des
donrkes r&@kres.

La conception et la verification de
I’emetteur  sur des dauphins en
captivitd et en libert6 se poursuivent
depuis 1977. Avant que I’emploi  du
systeme Argos  ne soit autorise  pour Ie
SUM des animaux (1980), tous Ies
efforts de d~veiop~ment  avaient ~te
port& sur NIMBUS 6. A present on
envisage la conversion au syst.&me
Argos  pour poursuiwe k e.qkriences
concluantes  de NIMBUS 6.

L’6metteur qui * 907 g est contenu
clans 2 tubes en aluminium dent les
dimensions sent lee suivantes :
17,5 x 5 cm (fig. 2). Les composan~
principaux  son: : une batterie
183 V cc (piles au lithium), un circuit
horioge  principal, un oscillateur  RF et
un amplifrcateur  de puissance, un
interrupter d&clench6  par ~eau de
mer et une antenne fouet  quart
donde.

Le systeme  6met sur 4012 MHz ~ une
cadence de repetition convol= par
I’intempteur deau de mer qui permet

Fig. I
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d6conomiser  la dun% de la pile par Ie
contrde de I’@mission lorsque [e
dauphin fait sunface. Vers midi, Ie
circuit horloge  principal d~clenche
l’6metteur pendant 4 heures.
LrSmetteur  qui est a~ch~  & la
nageoire  dorsale du dauphin peut
fonctionner  tous les jours ou une fois
par semaine.  Au cows des contdes
op&& sur Ies dauphins en captitit6,
l’ensemble  est fixI& par une sangle
(fig. 3). U est n6cessaire  d’ajouter  des
flotteurs Iorsqu’on b-avaiile sur des
dauphins en libert6 (fig. 1) parce  que
lee ~metteurs  pourront @tre kupen%.
[Is seront  Slimin@s  en fm de@rience
en we de r&luire le poids et
I’encombrement  de I’ensembie.  Les
dauphins, n“ont pas, apparement.
beaucoup de difficuit&  ~ s’habituer  &
i’~metteur.

Nous avons rencontr.4  plusieurs
probi&mes  dordre ekctronique  mais
en ce moment  Ie principal semble. . . . .
&re Ie temps de vwblhte  de I’antenne.
Des exp%iences  r&entes conduites un
dauphin tztchetd (Stenella  attenuata)  en

\’
Iibert&, ont indique  que Ies p&iodes
pendant le uelles il restait  en surface
etaient de %00 51500 msec (fig. 4).
L’effet des vagues  sur I’emetteur  r6duit
encore Ie temps pendant Iequel
I’antenne  @merge  au-dessus de ~eau.
La Iongueur  du message pour
NIMBUS 6 est de 980 msec.

La duke Iimite pendant Iaquelie  Ies
dauphins restent en surface ne devrait
poser aucun probl~me au syst~me
Argos qui ne n6cessite qu’une
Iongueur  de message de 300 msec.  II
resterait  done suilisamment  de temps
pour dmettre  dautres  donm+s d’ordre
biologique  et dentiromement
obtenues  par des capteurs install&  sur
Ie boitier.

Le service National de la P&he
Maritime serait heureux  davoir des
rkponses  des fabricants int&ess& par
cette experience.

Jacqueline Jennkus
Porp&e Ta ging  a;d  Track{ng  Prcyect

fSouthwest fshenes  Cen[er
VOAA.U%



1 55 Dolphin
weight and bulk of the aclc

rDolphins seem to hdue Me difficulty

tmnsntitter
The U.S. National Mm”ne Fisheries
Seruice has been working on
development of a satellite-linked
transmitter to stud dolphins

Yinuoiued in the ge 10 wfin tuna
fishery of the eastern tropical Pacific
(fig. 1). Conservation of dolphins
requires information on distribution
mi ration, and mixing of several
fdo phin stocks. Conventional

methods of acquiring the data b
fuessels and “planes are excessive g

costly since the study area is about
13 million km2 and an experiment
should last at least one ear.

#Sate/life tracking would e the most
efficient means of regularly obtaining
data

Design and testing of the transmitter
on captiue and wild dolphins has
been in progress since 1977. Since
permission to use Service Argos for
animal trackin was only ranted in

f f1980, all deue opmental ef orts haue
been directed al the NIMBUS-6
satellite. HoweueL  conversion to
Service Argos is anticipated following
sux~tr experiments thrvugh

. .

Fig. 2

The present transmitter weighs 907 g
and is packaged in two aiuminium
tubes measuring 17.5 x 5 cm (fig. 2).
The major components are : a power
supply of 18 3.VDC organic lithium
cells, a main timing circui~ an RF
oscillator and pomer amplifier a
seawater activation switck  and a
one-quarter wavelength stub antenna
The sgstem operates at 401.2 MHz
with a transmission repetition rate
controlled by a seawaler switch. The
switch conserues battey  life b

tallowing transmission only w en the
dolphin surfaces. The main timing
circuit is ~ually set for four houm
around noon and can operate dai[y
or weekly. The transmitter fits
around to the dolphin’s dorsal fin
During test on capiue dolphins the
pack is attached with a harness
(fi 3). Flotation tube are added
fw en working with wild dolphins

(fig. 1) so that the transmitters can
be recouered  but will be eliminated
from the final models to reduce the

adjusting to the pack
. .
!

*

Rg.  3

Notons que ~antenne a 6t4 d6plac6e  vers I’avant

Please note that the antenna has been moued
ionward.

Seueral electronics problems haue
been encountered, but the major
remaining problem appeam to be the
limited time auailable  for full
erposure of the antenna Recent tests
on a wild s@ted  do! hin (Stenella

Jattenuata)  indicated at most
swfacing  times were frvm 1000-1500
msec (fig. 4). Splashing significantly
reduces the time the antenna Ls clear
of wate~ The message length for
NIMBUS.6  is 980 msec.
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Les TortueM
Luth

Consid6m+e  par de nombrwx
zoologists comme Ie demier reliquat
des grands reptiles du secondaire, la
ToRue Luth, Derrnochelys  coriacea L.
se trouve  &re Ilmique repr&entant de
la famine des Dermxheiyd&..  Elle ne

poss~de pas comme ses cong6n&es
de plaques com&s  ou &ailI&s,  mais
une carapace form~e dune mosaique
osseuse  recouverte par une peau fine,
noire, tachet6e de dessins
g60m6triques  couleur lavis daquare[le.
Elle fut nomm4e improprement
Coriacea car sa peau,  loin d’&re
K coriace # n’est en fait qu’ une simple
peilicuie  t6gumentaire  qui s’4corche
facilement. Sept car&nes traversent
Iongitudinalement sa carapace fuseke.
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Sa t~te massive comporte de
puissances m~choires capables  de
sectionner  une rame. Des dimensions
des plus fantaisistes ont pu &tre
donn&es a propos  de cet animal, i]
parait  raisonnable d’entisager  un poids
maximal de 600 k et une taille ne

8ddpassant  pas 2,4 m. Comme les
Sauropodes du Crdac6, pour une
masse importance, elle ne poss6cie
qu’un  enc6phale pnmitif,  minuscule,
de 5 g environ. Pouss6es par une
force ancestral, les Tortues “Luth
tiennent pondre de mai & juillet  sur
les plages  sablonneuses  de Guyane,
oti la population est estim6e & 15000
femelles,  de Floride 200 femelles,  de
Malaisie 4000 femelles.

Ne connaissant  jusqu’~ present que
I’adulte de 500 kg et Ies jeunes
nouveau-n&  sur ces rivages, on serait
tent.5 de penser que tout leur cycle
biologique  s’effectue  clans ces regions.
En r6alit6 cet animal pdagique ne
frs$quente pas seulement  Ies eaux
chaudes des tropiques mais remonte
clans Ies eaux ti&des de la cijte
europ6enne et tout particuii&rement
pr&  des c6tes de France, clans un
secteur  pr&is  bordd par Ies iles de R6
et dOleron : Ies Pertuis charentais.
Ainsi 80 % des observations frangaises
ont lieu entre 46 ON/l 01 OW et
46°60N/1050W.

Le premier @chouage  connu date de
1754. Depuis 1977, des travaux  se
poursuivent  annuellement  au Museum
d’Histoire  Naturelle  de La Rochelle
pour pkciser les caract$res
biologiques  de cette esp+ce.
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II apparait  clakement qu’un nombre
impmtant  de Tortues Luth se trouvent
ame+es chaque ann& ~ fr&quenter
ce secteur  pr&is  des cdes  atiantiques
fran@ses au tours de Ieur cycle
biologique.

La Tortue Luth m@ne une vie solitaire.
Ce sent pour la plupart  des inditidus
isOl& We ~on va rencontrer  & partir
de la fin juin jusqu’en  octobre  sur Ie
littoral de la Vend&  et de la Charente
Maritime.

Le nombre  dobseivations  annuelles
collect&s met en &idence une
pr&rence  de ces irtdividus pour I’un
des Pertuis charentais  : Ie Pertuis
breton. En 1978, Ies 43 inditidus
signa16s fr6quentilent  Ie Pertuis breton,
en 1979, 2 smlement sur 55 et en
1980, 3 sur 28, r4v@laient Ieur
pr&ence dons Ie Pertuis dAntioche.
Le nornbre  des indtidus recen+s  ne
@ pas rd~r avec exactitude  la
population pksente clans [es Pertuis
pour plusieurs raisons : I’animal  est
dautant plus difficile & obsemr  que la
mer est agit&;  les information ne
scmt  pas toujours  bansmises par Ies
p@cheurs pour qui cette apparition
pour  Ie moins curieuse  detient  banale.

Si en Guyane,  seules Ies femelles  sent
obsen@es, sur le Iittoml charentais,  Ies
dew sexes se c6toient sur des fends
de I’ordre de six 5 dix mkbes.

La vitesse moyenne estim&  de
chaque inditidu s’&l&e & 4 nads. En
qu@te  de nourriture,  I’animal  prospecte
la t~te compktement  imrnerg&  clans
Ies banes de mtiuses  : Rhizostoma
pu[mo contituant  I’essentiel sinon la
totalite de son r6gime alimentaire. Le
d~placement  de ces m6duses  do aux
courarrts de mar6e conditionne Ies
aU6es et venues des Tortues.

Le comportment et la biologic
saisonni&re des Tortues Luth clans Ies
eaux charentaises  ont pu &e connus
gr?ice aux observations en mer
r@lh&es  et au marquage  mis au
point au Museum dHktoire  Naturelle
de La Rochelle.  Ainsi plusieurs tortues
patent  actueilement une marque
orange rectangulaire  sur la deuxi&me
inbmcar%e gauche et une jeune
femeUe a faii I’objet dune mdim
tracking en 1978. Munie dun 6metteur
V.H.F. travaillant  sur 151 MHz construit
sp6cialement pour cette experience
(Duron M. &&e

la Tortue a &S reIach6e au Sud des
Sables dOlonne a proximite  de
I’endroit  oh elle avait ~t~ captur6e par
un chalutier  sablais.

Les mauvaises  conditions
m6t60rologiques (vent dOuest fort
forte houle Nerd-OuesL mer forte)
n“ont pas permis  [e d6roulement
souhait~ de rexp&ience.  Ainsi I’animal
n’a gt~ suivi que huit jours,  et seuls
Ies diff&ents types de plong&s :
Iongues  (7 ~ 10), moyemes (2 a 3),
et courtes  (1’) correspondent &
plusieurs attitudes (fuiie,  qu~te de
nourriture,  route) d$j~ observ6es  & la
mer, on pu &.re reconnus.

La forte concentration de m6duses:
Wizostoma  pu[mo,  la faible salinit~
des eaux dues awi apprts  du Lay, la
S&we  nior@e,  la Charente,  la r6qion
OL I’insolation est la plus tongue de
ctte, expliqueraient  en partie Ies
misons  qui [es poussent  a se fixer
clans ce secteur  pr6cis des Pertuis
charentais. Mais un grand myst&e
plane sur Ieur provenance. La
population de Guyane &ant  la plus
importance, il est Iogique  de penser
que [es individus obs-ew& sur nos

la

cbtes pmviennent de cette population
recensde  en Ciuyane.  Empruntant  pour
ce faire les courants du Mexique, de
Floride,  puis le Gulf  Sham, ces
TOiIUS poumsient  ainsi parcounr  plus
de 5000 km. Dautes hypotiises
peuvent  @tre formuh+es.  La population
africaine  fort rdcfuite, nous fait
cependant envisager  que certains
indtidus peuvent  passer pr$s des
Canarie% revenir par Ies courants
jusqu’au Golfe  de Gascogne et
p&&rer  [es eaux favorable des
Pertuis charentzis.

Seul un rep6mge par satellite ~urrait
elucider  ce myst&e.
L’intewention  du Sys.t&me  Argos  va
permettre d6tablir avec exactitude la
route de rrigration.

Mrne Mich.?4e  Duron
Museum  d“Histoire  Naturelle  et d “Ethnographic
de la Rochelle
France
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Considered by many ZOO1O ists as
Ytie fast remaining big repti e of the

secondary era, the Leathery Turtle,
Dermoche/gs Coreacea I_, is in fact
the uni ue representative of the

%dermoc elydes  fami[y. The turtle
does not haue a bony or scaly
carapace like other turtles, it has in
fact a bony structure carapace
couered with a thin black aquarelie
co[our geomem’cal figure patched
skin. It was incorrectly catled
coriacea as the skin which is far
from being tough is only a thin
teguman~  type of skin which can
be easilg tom. Seuen longitudinal
carenas cross ouer the turtles
carapace It has two enormously
@weiful jaws capable of breaking
an ox. Some incredible dimensions
have been put forward for this
animat, yet we consider it would be
more reasonable to allow for a
maximum weight of 600 kg and a
length of 2.4 m Just like the
creticeous  Sauropodd this turtle
only has a tiny pn”mitiue brain

on ~g  an ancestral force, Ze tufiies
wei hing approximately 5 . Urged

come and lay their eggs between

%%j--:$%%%;;%rt%%
been assessed as follows: 1.5,000
~7a$~a200 from FIorida 4,000 frvm

As we are only corwersant with the
5(M kg adults and the newborn
turtles we find in these areas, we
were tempted to be[ieue that their
entire reproduction cycle took place
in these areas In fact this pelagic
animal does not only bask in warm
tropicaf waters it also comes up the
waters of the euro~an  costline and
especially near French coastlines.
The area they come to is between
the R6 and Oleron islands =
Charentais Pertuis area Thus, 80$ of
French observations are done
between 4VN/1” 10 W and
46Qri/l”50’w.
Turtles first started coming ashore
there in 1754. Since 1977 work has
been done each year at the La
Rochelle Natural Histo~ Museum
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Delimitation
des dh%rents
secteurs dsltude
et rgpa~tion  estivale
de C)ermochel~s
cotiacea

with a view to pinpointing the
biological characteristics of this
species.
It is obuious  that many leathe

?turt[es  come into this area eac year
during their biological cycles.

Leathetg  turtles lead solitay
existences. We normallg only see
one turtle at a time between the end
of June and October on the Vendke
and CharenteMaritirne  area coastline.
The number of annual observations
collected shows that the turtles
prefer one particular Pertuis area,
that is the Breton Pertuis area. In
1978, all 43 tutiles sighted in the
Pertuis area were in the Breton
Pertuis, only 2 out of 55 were there
in 1979 and 3 out of 28 in 1980 in
the Antioche Pertuis. The actual
number of recorded sightings cannot
giue a true picture of the turtle
population in the Petiuis area for
uarious reasons : the animal is
difficult to sight in choppy seas;

fishermen do not always reporf  on
the presence of turtles as this is
becoming an every day euent

Only females haue been sighted [n
Guyana but both sexes are present
in the Charentais coastals area and
can be seen between 6 and
10 meters down.
Average estimated speeds of turtles is
4 kn When it is looking for food the
turtles head is completely
underwater among the shoals  of

jeflgfish : Rhizostoma  pulmo is the
main if not the entire portion of the
turtfes diet The turt[es  tend to follow
the ‘ellgfish  which are washed in

dan out with tidal mouements.

The behauiour and the seasonal
biologg of leathery turfles in
Charentais waters were found out
thanks to regular sea observations
and markings which were perfected
by the La Rochel[e Natural F/istoW
Museum. At the moment certain
turtles haue a rectangular orange
marking on the left second

‘nteFmna  and a Punl! ‘e m s’ e ‘mradlotracked m 19 8. T e turtle was
fitted OIJ  with a VHF transmitter
operating on 151 MHz, special[g. built

for this experiment (M. Dwvn:
Thesis for HID)  and was set free
south of the Sables d’Olonne near
the lace it had been captured by a
.%d& fishing boat

Bad weather conditions (strung
wind, high NW troughs Ue~n~e{~
sea) did not enable the

Tto be carried out as was e-sired. In
fact we were only able to track the
animal for 8 da s and recognize the

Yvarious kinds o diving patterns:
e 7— 10 mn, long diue (flight);
● 2-3 mn, auerage diue (flood
hunting);
e lm~ shod dive {swimming).
The fotlowin may partly explain

7why the turt es come to this area :
. High concentration of jellyfish
(Rhizostoma  pulmo);
● high insolation area;
● low water safinitg rating (due to
the river water fmm the Lag, the
Seure and the Charente).
But there is a big mgstey ●is to
where they come )tvrn. As the
Guyana population is by far the
biggest  it would appear to be logical
to think that the turt[es sighted off
our coasts come irom the Gugana
population.
The turtle would prubabl  go by the

?Mexico, Florida and Gul Stream
currents and couer more than 5,000
krn but other hy@heses  are
possible. The african population is
very depleted and we have been
lead to enuisage the following
possibility —

$
some twtles pass

nearby t e Canay Islands, come
back uia the currents to the Bag of
Biscag and then up to the
Ctiarentais Pertuis area .  .
A satellite tracking system is the
ordg way of soluing this mgstey.
/nteruention by .Semice Argos will
accurately establish the migration
mute of the leathery tun[e.

Mme Mich@le Duron
Museum d’Histoire  Naturelle
et d “Ethrrographie  de la Rochelle  France

SUM
des requhw

pi!derins
A la facult& de Zoologie de I’fJniversit&
dAberdeen, nous sommes en train de
d&elopper des techniques de suivi par
satellite du requin  pderin (Cetorhinus
maximus). Ayant d6but6 avec le
syst&me F!ANIS/NWBilS  nous
projetons  toutefois  d’utiliser  & I’avenir,
le syst@me propost+ par le Sewice
Argos.

Le requin  pblerin, 2’ poisson  du
monde de par sa taille, p@se  7 tonnes
et mesure 9 m&res 5 I’&tat adulte.  II
se nourrit  de zooplancton  qu’il fikre
tout en pursuivant sa route. Ce
comportment signifie que Ie requin
se trouve trhs pr& de la surface de
I’eau en .44 et qu’on peut facilement
le suivre par satellite.

La production primaire de I’ocdan a
souvent 6t6 &.Id14e  grace 5 la
t616d&ection  par satellite des
temperatures de surface de I’eau et de
la concentration en chlorophyll. Des
donn&es simultan~es obtenues sur les
movements des requins  p&lenns en
qu~te  de nourriture  nous donneraient
des information suppldmentaires au
niveau tertiaire  de la chaine de
nourriture  marine. Nous esp6rons
d6couvrir  comment ce requin  et
d’autres  poissons arrivent h trouver  et
5 utiliser Ies zones de production
61ev6e.

Nous avons coflabor~  avec des
chercheurs  de la Station Marine de
Millport (ctrte Ouest  de l’Ecosse)  et
avons d6velopp& une m&hode pour
fiier des plates-formes  sur des requins
pderins. Line Iigne de trati”on  a &t@
attach6e & la base de la nageoire
dorsale  du requin  par un dispositif
manuel (harpon). Puisqu’il est
impossible dimmobiliser un requin
pdenn,  la technique employee  est
bas~e sur Ie silence et la rapidit&  On
s’en approche de par l’arri&e clans un
(i Zdlac N dent ~e moteur  hors.~rd  a
6t6 muni dun silencieux  sp6cial  (fig. 1).

Technique de fkation  de la plate-forme
Une  apprache  discr&te  depuis  I’arrkre

PTT  attachment (echnique  for basking sharks
Approach uer!j  carefully from behind !

L’&!ectronique  de base de la plate-
forme est contenue clans un boitier
pressuris6 qui est log6 clans une
bou&e (fig. 2). L’antenne est placde
clans I’aileron de cette bou&e.
Un manocontact  coupe I’&metteur  si
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Suivi

d’me tortue

marine

Fig. 2

Electronique  de base FQUr  /es requins P21enns
fabiiqtie  par l’Uniwmit4  d’Aberdeen

Aberdeen University
6asking Shark PX

Ie requin amorce une plongee.  Les
plates-formes  peuvent  rester attach6es
au requin pendant deux mois avant
d&re  largu&es  saris Iui causer [e
moindre maf.

On est en train de d&elopper des
plates-formes  plus petites qui pourront
rester attach6es  plus Iongtemps.

Jusqu’ici,  nous n“avons obtenu  qu’une
r6ussite partieile du fait que nous
avions rencontr+  des probkmes de
hardware sur les plates-formes.  Mais
nous sommes convaincus  que le suivi
par satellite des requins p&lerins
contribuem  beaucoup ~ nos
connaissances  de l’6cologie  marine
pendant les annees  ~ venir.

LG. pride
Department of Zoology,
UniuerMy  of Aberdeen
.%otland.  U.K

Configuration de &action  dune plate. forme
demontrant  comment la bake  reste  i la
surface quand  Ie requin se bow & diveraes
prcfcxxteurs. liJ ffottabilitd  de b bou&e est
minime et permer  au requin de I’entrainer sous
I’eau Iorsqu”il plonge.
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fi’

. . . . . . . . . . . . . -----

%==7
PTT tow configumrion  showing how the &
remaur+  on the surface at a uaiety  of
wxmming  depfhs  The buoyancy of the LM
6 m(mmal  so the shark can tow it
underwater when It dines

In the Zoolo y Department of the
?Uniuecsitg o Abzrdeen we are

deuelopin techni ues of tracking
Basking {harks (?etorhinus
maximus)  by satellite, Earfy work
was done with the Nimbus RAMS
system but future work is planned
using Semite Argos.
The basking shark is the second
largest fish in the umrld growing to
an aduft weight of 7 tonnes and a
length of 9 m It feeds on

%%%%%%%%%%
from the water. This feeding
behaviour  means it is near the
sutiace  of the sea for much of time
during summer (“basking”) which
makes it amenable to radio tracking.
Prim~prvduction in the ocean is
now o en studied by satellite remote
sensing of surface temperature and
chlorophyll concentration
Simultaneous data on feeding
mouements of basking sharks would
prouide complement~  information
at the tertiary level of the marhe
food  chain We hope to discouer
how these  and presumably other
fish, find and utilfze areas of high
productivity.

We haue together with workers at
the Lfniuemities  Marhe Station
Mill~rt on the West Coast of
Scotland deueloped a method of
attachment of PTTs to basking
sharks. A tow line is attached to the
base of Lhe dotsal fin of the shark
by means of a hand hzupoorr  deuice.
It is impassible to immobilise a
basking shark so the technique is
based on stealth, manceuuring  up
close to the shark frum behind in an
inflatable boat with a specially
silenced outboard motor (fig.  1).

The electronics of the P77 is
enclosed in a pressure proof casing
set in a buoyant hull (fig. 2). The
antenna is embedded in the upright
fin on the pod A pressure switch
inactivates the transmitter when
submerged. The Pl% can stay
attached for up to two months artd
are shed without any harm to the
shark Smaller ~s cumentl being

)?deuelo~d  will remain attac ed for
longer periods
We have onlg had limited success
so far mainly due tD PIT hardware
problems but we are convinced that
satellite tracking of basking sharks
will make a major contribution in
the future to our understanding of
marine ecology.
I.G, Priede Depanment  of Zoolcgy,
Unmersitg  of Aberdeen %otiand,  UK

Grace 5 un projet de coop.%tion
entrepris par le Service National
arn&icain  de la P&he  Maritime et Ie
Setice de la vie animale et des
poissons, on a pu d+montrer  la
faisabilite de proc&der  au suivi par
satellite de grands animaux marins
comme Ies tortues de mer. Le
16 octobre 79, une tortue  marine
femelle Dianne d’un poids de 96 kilos
6quip@e dun +metteur-satellite
sp&ialement confu a @t@ Iachee  au
large de Gulfpmt  clans Ie Mississippi en
direction du Golfe  du Mexique.

L@metteur  fonctionnait avec Ie
systeme  de localisation de plates-
forrnes  RAMS  embarque  sur un
satellite Nimbus. Les donn~es
hansmises au Goddard Space Flight
Center par Nimbus daient trait6es de
fa~on ~ localiser  la tortue  avec une
pr~cision denviron  2 kilom~tres.
U@metteur  avait ~te concu pour une
p&iode  de fontionnement  dun an
avec une fr~quence d&mission de
8 heures  tous Ies 4 jours.

Construit  par Handar Corporation,
~@metteur  &it log6 clans un flotteur
plastique  cylindrique  &mche  de
15,24 cm de diam&tre  et de 25,4 cm
de long. A l’int&ieur du flotteur  se
~ouvait une balise radiogoniom~trique
qui devait perrnettre aux avions I@gers
et aux embarkations de surface de
Iocaliser  Diame  grace ~ Ieurs
r&epteurs  portatifs. Dun poids total
denviron  3.2 kg, Ie flotteur @tait
attache par une corde nylon de
76,2 cm de long au dos de la
carapace de la tortue  de fa~on a
perrnettre & I’@metteur  de faire surface
chaque fois que Dianne remontait
pour prendre de I’air.

Avant detre 15ch6e  et pendant sa
p&iode de captivite,  Dianne avait fait
I’objet d~tudes  au moyen
dinstruments  ~lectroniques.  Pendant
cette p&iode nous avions pu evaluer
son comportment avec I’emetteur
attache ~ sa carapace. Les &tudes ont
monti~  que [e flotteur ne genait pas
beaucoup Ie comportment naturel  de
la tortue.

A partir du moment oti elle a 6t6
Iach6e,  Dianne a fait route vers Ie Sud
en contoumant I’embouchure du
Mississippi, ensuite vers l’Ouest Ie long
des cdtes de la Louisiane  et du Texas
puis vers Ie large de Galveston
(Texas). A partir d’un h&licopt&e
foumi par Ies Garde-C6tes  am&icains,
une mission avait Fur objectif  de
photographer et d obsrwer  I“animal,
devaluer subjectivement son @tat
physique et de s’assurer que

-_ — _
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‘ Technologies

Le NCAR (National Center for
Atmospheric Research), Oregon
State Llniversity  et la soci&5
Telonics ont mis au point une
baiise Argos,  d@sign6e II Satellite
Whale Tag II ou S14T, pour +tre
plac4e sur des baleines.
L’41ectronique est fabriqu6e  par
la socidt~ Telonics  de Mesa,
Arizona (USA), et la premi&e
SW a W plac6e  sur une
baleine en juillet 1983.

Le boitier  est en aiuminium  et
de forme cylindrique.  II mesure
14 cm de diam&re  et 7,6 cm

sum
D’mmux

ANIMAL

AT CKZNG

long, et p~se 3,52 kg. Line des
~~mit~s  du boitier  est solidaire
dune plaque de suIxIort en acier—
inox. Lautre extr~m’i~~  est coiff.+e dun couvercle @tanche
en polyur~thane  hautedensit~  moule, de couleur orange.
Celui-ci est surmont~ dune antenne en h~lice tronqu~e  et
d’un interrupter d6clench6 par I’eau de mer. La forme du
couvercle a 6t6 tongue de fa~on 5 faciliter  l’~coulement de
I’eau (quand la baleine  fait surface) et & assurer la rigidit~
m&anique  n~cessaire  de la base de I’antenne  qui est, par
ailleurs, tr6s souple. Des attaches, ou ancres,  dites de type
K parapluie  M passent  ~ travers des fentes is chaque bout de
la plaque de support. La SWT, 6quip6e de sa plaque de
support et de ses ancres, est plac~e  sur Ie dos de la
baleine et Ies ancres  drlpIoy6es par un applicateur sp6ciai
utilisant des cartouches  b pression ~ d&clenchement
&lectrique, En g&&ai, Ies balises sent f~des sur des
baleines  prises clans des filets. Ce travail est effectu~  par
une 6quipe & bord d’un petit bateau se sewant d’une
longue  perche pour poser la balise et l’applicateur  sur Ie
dos de la b~te.

Deux capteurs  sent employ& : I’un pour mesurer la
temp&ature  & l’int6rieur  du boitier, I’autre pour mesurer la
dur~e  de chaque plong~e  (c’est-a-dire, Ie temps entre
I’immersion de I’interrupteur  et Ie moment oti la baleine
fait surface, d~duit  du contrd]e,  toutes Ies 80 ms, de la
position de I’interrupteur).

TRACKING
OF W~ES

Technology

NC4R  (National Center for
Atmospheric Research), Oregon
State University and the
Telonics  electronics compang
have successfully developed a
Satel[ite  Wha(e  Tag P77 (or
SWT).  The electronics is
produced by Telonics of Mesa.
Arizona. The first SWT was
~~8essfuilg deploged  in July

The SWT housing is an
aluminium cylinder 14 cm in
diameter by 7.6 cm and
weighing 3.52 kg. One egd of
the cglinder  is attached to a
flat stainless stee/ base plate
and the other end of the
housing capped with a lid
using an O-ring seal. A
truncated helix antenna is
mounted on the lid, along with
a saltwater switch contact, The
lid is made of cast high-density
orange polyurethane, and
shaDed  to facilitate water runoff
and aiue

the base of the otherwise fle~bie
mechanical rigidity to
antenna. Umbre//a

anchors are inserted through slots in each end of the
base plate. The SW, complete with base plate and
anchors, is placed on the whale’s back and the anchors
deployed bg a speciallg designed applicator using
electn”cally actuated pressure cartridges. Tags are
generallg fitted to entrapped whales bg a crew in a
small boat, the tag and applicator being suspended from
a long pole.

Two sensors are used : one measures the temperature
within the SWT housin , the other dive duration (i.e.

?time from immersion o the saltwater switch to surfacing,
this being achieved bg interrogating the switch status
euerg  80 ins).

The basic techniques for securing PTFtype tags to
whales using subdermal  umbrella anchors with curued
wire tines can be considered as operational. Since 1979,
such tags haue been shown to remain attached to free
ranging whales for 27 months and more.
Detailed analysis of whale surtacing patterns in relation
to P?7 transmission specifications, satellite pass times
and Service Argos requirements for satisfactory data
collection and platform location resulted in the decision
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Les techniques
i $b de fixation de balises

* par ancres sousdermales
* de type u parapluie  o

●
peuvent &re consid&6es

● comme @tant op~rationnelles.
● Depuis  1979. ii a rX d~montr~“* que des balises f~c$es de cette fa$on

sur des baleines  en libert6 peuvent
rester attach~es  au moins  27 mois.

Des donn@es d~taill+es concemant  Ie
temps passd & la surface de I’eau ont
St@  analysdes par rapport au
specifications de transmission des
balises Argos, auxheuresde
passages des satellites, et aux
exigences du Sem”ce  Argos  en
mati&e de collecte  de donn~es  et de
localisation de balises. Cette analyse a
amen6 I’@quipe  de B. Mate — et ii
semble u’il  s’agit d’une  premi+re

zpour Ie yst~me  Argos  — h utiliser
deux codes didentitification diff~rents
pour chaque SWT et & Ies ~mettre
alternativement clans des messages
successifs. Lln des facteurs de poids
clans cette d~cision a ~t~
l’incompatibility entie Ie temps moyen
qu”une  baleine  passe & la surface de
I’eau et la specification Argos  qui
etige une p&iode  d’au moins  45
secondes entre deux transmissions
successive avec Ie m@me  code ID.

Programme 1983
Profitant du fait que, pendant Ies
mois de juin et juiilet, des baleines  ~
bosse se font prendre de temps ~
autre clans des filets plac& par des
p@cheurs  de morue et autres
poissons au large de Terre Neuve, on
a essay~ de fixer des balises sur une
ou deux baieines Iors des op&ations
de routine pour Ies lib&er des filets.
Pendant cinq semaines dattente,  il
n’a &t@ possible de placer qu’une
seule balise et malheureusement [e
succ& de cette op&ation  a 6t6

/ pattiel. En effet,  suite au
fonctionnement d&fectueux des
cartouches, normalement fort fiables,
de ~applicateuri  Ies ancres
sousdermales  n’ont  @t@ d~ploy+es que
partiellement.  On a envisage la
possibility d’enlever,  puis de refixer la
balise, mais cela comportait trop de
risques pour I’+quipage.  N6anmoins, ii
y a eu une bonne r@ception de
donnees pendant 144 heures  et on
suppose que la balise s’est d6tach6e
par la suite. Pendant cette p&iode, la
baleine  a parcouru plus de 700 km, 5
une vitesse moyenne de 6 km/h,
tandis  que la balise a foumi  une
quantite  importance de donn~es
concernant la temp&ature  de I’eau et
la dur6e  des plong6es.  L’analyse de
ces donn+es  a permis aux chercheurs
d’arriver 2 des conclusions
biologiques  tout 5 fait significatives.

Quelques  unes de ces conclusions
peuvent @tre sommairement  r&um6es
ainsi :
. des plong6es  tongues ne sent pas
forc~ment  des plong~es profondes;
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● Ies baleines  plongent  en qu~te de
nourriture  ou plus g&&a[ement,  ont
tendance 2J Iocaliser Ieurs activit.+
clans des masses d’eau  d61imit&es  par
une ou plusieurs thermoclines:
● bien que Ies donn~es  disponibles
soient insuftkantes,  il semble  bien
que des plongdes de dur4e  plus ou
moins  Iongue  pr@dominent ti
certaines  heures de la journ6e;
● il semble aussi que des
changements de la dur~e  des
plong~es  en fonction  de I’heure soient
en rapport avec la nature cyclique  de
la qu=te de nourriture,  Ies strategies
changeantes de qu&e de nourriture  et
Ie comportment des esp&ces
chass@es par [a baleine.

Programmed futurs
Des &udes sent en tours sur une
adaptation de I’interrupteur  d~clench~
par I’eau de mer qui perrnettrait de
dderminer la salinit6 & partir de la
mesure de la conductivk6 de I’eau, de
la temp&ature  et de la pression. II
semble m~me  tout 5 fait possible
denvisager  une balise capable de
fournir  des profils  de pression, de
temp&ature et de salinit@ Iors de
plong6es  successive. La collecte  de
donn~es  d’un tel int@riX
oc~anologique contribuerait  &
amdiorer nos connaissances
g6n&ales  des diff~rentes  masses
d’eau des oc~ans tout en offrant la
possibility de nous apprendre
beaucoup sur Ies baleines.  Ieur
comportment g&&al, Ieur
comportment en plong~e,  leurs
habitudes de qu~te de nourriture,  et
aussi  leurs moyens  de navigation.
Mais, la grande difficult~ avec la
collecte de telles quantitr% de donn~es
reste la limitation, impos6e  par Ie
syst&me Argos, & seulement 32 octets
de donn~es  utiles par message 4mis.
Lors du programme 1983 il n’avait
pas ~t~ possible dobtenir des donndes
de localisation du Service Argos
parce que Ies taux de transmission
de messages dtaient incompatibles
avec Ies Iogiciels de traitement.
Avant m~me  que ce rapport ne soit
Iu par Ies Iecteurs dArgos Newsletter,
il est probable que deux balises SWT
aient d@j& @t@ fix6es sur des baleines
gnses du Pacifique  au large de Baja
Califomie,  Mexico; ce travail ayant M
programm~  pour la saison (mi-janvier
& la fin f&rier) & Iaquelle  Ies baleines
grises  sent clans ces eaux-[~.  Ce sera
un test important des quaiit~s de
r&sistance  des SWT. Line de ces
balises sera du type d@crit  plus haut
tandis que la deuxi~me b6n&iciera de
nouveaux moyens denregistrement
des proftls  de plongde. Ce sera la
premi&e fois qu’une baiise de
collecte  de donn6es  par satellite sera
employ6e pour I’analyse en trois
dimensions des movements et du
compottement  des baleines.

R&um6  par Ie Service Argos
de la pr&entation  de M. B. Mate

& la conf&ence  Argos de Londres (1983)

— and, to our knowledge, a first for
the Argos sgstem — to use two
different ID numbers for each SWT
and to alternate the IDs encoded into
successive messages. A factor of
particular importance in this
decision was the incompatibility
between typical whale surfacing
times and the Seruice Argos
requirement that transmissions using
the same ID code be separated by
at least 45 seconds.
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1983 Program

Taking advantage of the fact  that
during June and July, humpback
whales occasionally become
entangled in gillnets and cod nets
off Newfoundland it was  decided to
tag one or two as part of the
routine release operations. A five
week wait only prouided one
opportunity for tagging.
Unfortunately, this was not fully
successful as poor etformance  of

fthe normally reliab e pressure
cartridges (of the tag applicator)
resulted in incomplete deployment
of the subdermal  umbrella anchors.
Remoual  and w-application were
considered, but deemed too
dangerous. Nevertheless, good data
were receiued ouer a period of 144
hours after which, it is assumed, the
tag fell of During this time the
whale traueled ouer 700 km, at an
auerage  speed of about 6 km/h
while the SWT returned much
useful  temperature and diue
duration data enabling the’
investigators to make seueral
significant biological findings.
Some of these findings can be uery
briefly summarized as follows:
. long diues  are not necessatilg
deep diues:
● whales often feed and generally
concentrate their activity in waters
bounded by one or more
thermodines;
● although the information is scan~
there appear to be times of the day
when longer and shorter diues are
more preualent:
● changes in diuing patterns wilh
time of day may. in turn, be related
to feeding cycles and strategies and
also to prey behauiouc

F u t u r e  P r o g r a m s

Work is currently in hand on
adapting the salt water switch to
determine water conductivity, which
can then be related to saiiruty
following temperature and pressure
correction. in fact it seems quite
feasible to enuisage a P?7.tgpe
whale tag capable of profiling
pressure, temperature and salinity
throughout successive diues. The
acquisition of such ua/uab/e
oceanographic data would increase
our knowledge of ocean water
masses in general and potentially
tell us a great deal about whale
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‘ behauior.  diving,
Y and foraging

,7 patterns. not to mention

YHo::;:rn:;:;~i;:  [’s”
~ problem  with  acquirinq s u c h

~ /itiita/ion of onlq  32 eiqht+it-
~ words durinq each  transmission.

r
During the 1983 program it was not
possible to obtain location data from
Service Argos  because the message
transmission rates were incompatible
with the Argos  processing software.
By the time this article appears in
the Argos  Newsletter, Bruce Mate

and his team should haue applied
two SWTs to gray whales off Baja
California, Mexico, this work hauing
been scheduled for the mid-Jan uarg
through end-februag (1984)  field
season in that area. This will be an
important test of SW7 endurance.
One SbVT wil/  be of the tgpe
described, the other will incorporate
new dive profiling features. This
experiment represents the first
satellite monitored instrumentation to
giue a threedimensional  analysis of
whale movements and behavior.

Summar4 by Service Argos
of the paper read

by Mr  B. Mate of the 1983 Argos Conference

~metteur  VHF fix~ a la fourrure  dun phoque
commun
VHF transmitter attached to the fur of a common
seal

Les phoques  et les baleines  suscitent
& la fois un grand int&5t  et de vives
controversies parmi  Ies d~fenseurs  de
la nature, Ies industries de la p~che
et de la baleine  et Ies gouvernements
nationaux.

Le Groupe de Recherche sur Ies
Mammif@res  Matins qui fait partie du
Conseil de la Recherche sur Ie Milieu
Naturel  du Royaume Llni  participe  a
de nombreux projets visant
essentiellement a foumir des
information sur la population et la
rr+artition des phoques  et des
baleines  ainsi que sur Ieur interaction
avec Ieur environnement marin.

II est en particulier  necessaire  de
connaitre la repartition clans I’espace

et clans le temps de ces animaux,
Ieurs habitudes  alimentaires  et
l“identit&  des banes de poissons pour
d~terminer Ieur importance
num+nque, pr&oir les effets
probabies r&ultimt de la chasse  et
des eliminations rationnelles  et &aluer
Ies effets de ces mammif@res marins
sur les banes de poissons en tant
que concurrent potentials des
pecheurs.

Pour des animaux tels que Ies
phoques  ou [es baleines  qui ne
peuvent &.re obsem% directement
que pendant des laps de temps tr&
courts ou apr& qu’il aient dt~ tw+s
ou captur+s,  il est essentiel de
disposer dune technique
s’apparentant  plus ou moins  & la
t~l~di+tection  ou ~ la t@16mesure.

Toutefois,  ces mammif&es posent
des probl+mes  particuliers  pour la
t&l@m&rie  car ils sent difficiles a

capturer et 5 6quiper d’un Smetteur
et ils peuvent parcounr des zones tr&
vastes.

En cm~e, il ne faut pas perdre de vue
Ies prob16mes habituels  I& au travail
en mer, [es effets d’une immersion en
eau sal~e, Ies variations de pressions
et la difficult+ d’une transmission
dinformation  5 travers I’eau de mer.
Les phoques posent des probl@mes
uniques  en ce qui concerne [a
fixation de dispositifs de mesure. Du
fait de Ieur forme hydrodynamique et
de I’absence  de resserrement au
niveau du cou ou de la queue, [e
bracelet ou Ie collier s’av&ent ~tre
des dispositifs peu pratiques.

[1s ont heureusement une fourrure
r.&sistante  qu’ils perdent chaque ann6e
en P&lode  de mue. On peut done
simplement  et eftlcacement fixer des
Smetteurs  5 m~me  lg poil de I’animal
au moyen de cone Epoxy & prise
rapide.

Cette cone est facile & appliquer et
I’on est srir que I’ensemble  sera
abandonn6 l’ann+e suivante lors de la
mue.

Notre premi+re  tentative de
localisation de phoques  par tel~m~trie
radio remonte ~ la saison des amours
d’octobre 1982. Au total ce sent 30
6metteurs-radio  de 173 MHz disposant
chacun dune port+e de 20 miles qui
ont 6t6 fix+s sur des phoques  se
trouvant sur Ieur aire de reproduction
en Ecosse. On a d’abord  suivi  ces
animaux a I’aide de r+cepteurs
install&  sur des ations. Toutefois  il
est tr&  vite apparu que cette fagon
de proc+der  ~tait Iourdement
p~nalis~e par Ie coot, Ie temps de
recherche important et I’autonomic
limit6e  de ces appareils.  D’oti notre
interet pour un .4metteur capable de
relayer Ies information par satellite.

La capture des phoques  presente  peu
de probl+mes  inhabituels.  Cependant,
ces animaux etant d’excellents
nageurs et Ieur taille n’@tant  pas tres
grande,  une dlectronique  de
dimensions reduites et aussi peu
apparente que possible est n~cessaire,

Les baleines pr&entent encore
d’autres  probl+mes.

Du fait de Ieur taille immense, la
conception et I’encombrement  de la
plate-forme  sent moins critiques. La
capture de ces animaux, Ie moyen de
fixation de la plate-forme,
I’encombrement de cette derni&e,  le
fait qu’ils parcourent Ies oc~ans  du
monde entier et qu’ils ont rarement
besoin de se rapprocher des totes,
constituent des d&is difficiles ~
relever.

La technique de fixation de la plate.
forme que nous avons essay~  r6sulte
de la constatation  que Ie petit harpon
manuel, utilisd par Ies baleiniers, a
bord de leur embarkation ouverte

- -.



clans Ies Aqores, &sit
parfois retrouve un an,

voire piusieurs ann+es
apres que la baleine  ait

fiussi a 6chappw  aux
chasseurs. Le harpon n“est en

fait utilis@ que pour retenir
la baleine  et ne sert pas & la mise

b mort. II sembierait  qu”il ne provoque
que des Esions  mineures  des tissus.

Bien aue l’activit~  soit r~duite, la
r chasse du cachalot  se poursuit

encore clans Ies Asores,  mais nous
dewions etre en mesure ces dew.
prochains  @t&  de convaincre  des
baleiniers  exp6riment4s  de nous
Iaisser 4quiper un animal dun
Smetteur  Argos. Les @quipages  et
embarkations d“origine demeurent
dispnibles  pour fixer Ies plates-formes
sur les baleines. Cette op&ation  est
tialisee en ramant.  I’embarkation
devant etre amen6e aussi  pr+s que
possible de I“arri&re  de la baleine  se
repmant apr&  une plong6e  en eau
profonde.

Lln harpon manuel a M con$u pour
fixer la plateforme.  !1 est r~alis~ &
partir de mat&iaux  non sujets  & la
corrosion et nontoxiques. liI plate
forme est contenue clans un boitier

sph&ique  en verre pour instrument
oc6anographique et mttach~e  au
harpon a I’aide d’un filin. La sph@re
est @qui@e  dun lest. II est ainsi
possible de tigler sa flotaison et sa
position & la surface de I“eau.

Le Syst&me Argos  constitue une
alternative possible et rentable ~ la
t616mesure radio conventionnellement
utilis6e  pour Ies phoques  et Ies
baleines. San er%cacit~ est fontion  a
la fois de la m~thode de capture, de
la technique de Fwation  du mat&iel  et
de la possibility+  de disposer dun
+metteur et dune antenne  petits,
robustes et de faible consummation.

On cherche  actuellement a obtenir
la certification Argos  pour un tel
6metteur.

Mike Fedack
Bernie Mc Connel

Tony Martin
$& Mammal Research Lkm

S+tish &lL3rcW  %iWy
N.admgley  Road

Cambridge
Royaume  Llni

Seals and whales are the focus of
much interest and controuersg  for
conservationists, the fishing and
whaling industry, and national
governments. The Sea Mammal
Research unit  part of the united
Kingdom k Natural Erwironment
Research Council, is inuo[ued in a
number of projects whose ouera[l
aim is to prouide  information on the
numbers and distribution of seals
and whales and their interaction
with the environment. [n particular,
Jcrrowiedge of temporal and spatial
dis~’bution, feeding patterns and
stock identity are needed to
determine population size. This
information is used to predict the
likely effects of hunting and
maria ement culls. and to estimate

#the e ects of the marine mammals
themselves on fish stocks as
potential competitors with fishermen.
For animals such as seals and
whales which can ordg be observed
direct/g for a ueW small fraction of
the time, or after they are captured
or killed, some sort of remote
sensing technique or te[emet~ is
essential. Howerer. marine
mammals present particular
prob/ems for telemetry because of
difficulty of cadure and transmitter
attac.hmen& and the uast ranges
ouer which they may tratiel.

-
—--—

In addition there are the obvious
problems of working at sea and the
effects of salt water immersion,
pressure changes and the difficulty
of transmitting information through
sea water. Seals present unique
problems for attachment of any sort
of measun’rrg  device. Their
streamlined shape and lack of
constrictions at the neck or ankle
make a collar or bracelet
impracticable Howeuer  their fur is
strong and is moulted once each
gear, and tmnsmitters  can b e
attached simply and efficiently
using a fast.settin epoxy glue and

fattaching the pac age direct/y to the
hair. This is easy to apply and has
[he aduantage that the package will
certainly be shed at the annual
moult

Our first major attempt to track seals
using radio telemetnj started during
[he 1982 breeding season in
October. A total of thirtg MHz radio
transmitted, each with a 20-mi/e
range, were attached to seals at
their breeding sites in Scotland, The
seals ~ere tracked primarilg  using
receiuers fitted to aerop[anes.
However it became obuious that this
me[hod of fo[lowing seals  w a s
se~’erely Iim ited b the expense,

?unequa/ search e fort and
geographical range of the

aeropla nes. Therefore we looked into

‘hep=ibi’i’y  ‘f ‘s’n?  a ‘transmitterwh~ch could  relay ~n ormahon  Lva a
satellite.

The capture of seals presents few
unusual problems. F/oweuer.  since
theg are actiue swimmers and not
oLvr/y large the package size must
be kept small with as IOLU a profile
as possible.
Whales present sti// other problems.
Because they are large. package
size and design are /ess cn”tical.
Capture. attachment. &heir global
range and the fact that  the animals
need neuer come near land present
the greatest challenges. The
attachment technique that we haue
tried was suggested by the
discouenJ  that the small hand.
thrown harpoon used by open.boat
whalers in the Azores !sla nds were
sometimes found in place on a
whale one or more gears after it
had escaped the hunters. The
harpoons are merely used by the
whalens to hold the whale, not to
kill iL and appear to cause no
sign ificant tissue damage.
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The Azores sperm whale fisherg is
continuing at a low Ieue/ of actiuitu
but ouer ~he next two summers, w%
should be able to diuert the hunters’
skiils from killing their animals to
prouiding us with a sample of
sperm whales with their own
personal Argos PIT Original crews
and boats remain auailabfe  to place
the attachment in the whale. This
inuolues  paddling a small boat
almost onto the back of a whale
while it is resting after a deep diue.
For the attachment a miniature
harpoon has been designed from
non-toxic. non-corroding materials,
The PTT is housed in a spherical
oceanography ic glass instrument
housing and is aUached by a
length of steel cable to the ha~oon.
The sphere is weighted to adjust its
buogancy and to control its attitude
when afloat
The Argos sate//ite system prouides
a feasible. cost.effectiue alternative to
conventional radio telemetrg for
both seals and whales. Its
usefulness depends both on
successful capture and attachment
techniques and robus& small trans-
mitters and aerials which haue low
power requirements. Type approual
is currently being sought from Argos
for such a transmitter disign.

Mike Fedak
Bernie  ,Mc COnne/1

Tony ,Marun
Sea ,Mammal  Z+’search  L,m!

9n!:sh  ,+wanmc  5...  PG
,A4admg!eg  Road

Carobndqe
Um:ed  !t,gd~m
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Le 22 juin 1982, I’aube  @tait  calme et
claire audessus  de I’estuaire de Firth
of Clyde, ce bras de mer sur la cbte
Ouest de l’Ecosse.

Deux 6tudiants,  un technician et moi-
m~me &ions ~ bord dun bateau ~
moteur  que nous avions affr6t&  Nous
avons appareill~  clans Ie port
pittoresque de East of Loch Tarbet h
la recherche dun requin pderin.

Nous avions ~ bord la baiise Argos
destin~e 5 ~quiper I’un de ces
poissons g~ants.

C’est en 1981 que cette balise a @td
construite mais les requins ont dtd  si
rares cette annke iii que nous n’avons
pas pu nous rapprocher suffisamment
de I’un d’entre eux pour accomplir
notre mission.

Nous remorquions une petite
embarkation devant sewir  5 la fixation
de la balise sur le requin.  Le cap fut
mis au Sud sur I’lle dArran oti nous
attendait  une 6quipe de tddtision  que
nous devions prendre i bord et qui
r~alisait un reportage sur notre travail.

La mer &.ait calme permettant ainsi
un meilleur rep&age  des requins.
Tr&s tite I’un dentre eux apparut,  sa
nageoire dorsale  fendant la surface de
I’eau. Puis un autre fut obsew6: les
requins  @erins  ~taient  de retour.
Tous +taient  de petite taille,
n’exc6dant  pas 2 ~ 3 m+tres.  !1s
6taient  done trop petits pour notre
balise. Celle-ci, destin6e  a &re fix~e
sur [e requin,  a la forme d’une
capsule flottante  (Fig. 1 ) train~e  au
bout dune Iigne de traction attachke
& un point d’ancrage enfonc6 & la
base de la nageoire dorsaie.

Ce que nous recherchions  est alors
apparu: un bel adulte de 7 m&res,
nageant presque en surface; sa
gueule Iargement ouverte filtrant une
grande quantit~ d’eau pour ne retenir
que Ies particles microscopiques de
plancton.  Failait-il  pr~venir  I’+quipe  d e
t+tision  avant de fixer la baiise sur
Ie requin  ? Non, nous n’avions en
aucun cas I’intention de Iaisser
s’4chapper  la plus belle chance
s’offrant h nous depuis deux ans !

Deux d’entre  nous ont alors saut.4
clans la petite embarkation ~ moteur
et se sent rapproch~s  de I’arri+re du
requin, celui-ci ignorant totalement
notre pr~sence.  Tout @tait pr=t: je
tenais Ie harpon permettant de fixer la
Iigne de traction, la balise @bit sur le

, point d’~tre jet~e par dessus bord.

En 1978, Iors d’une premi$re
tentative, un requin avait fait chavirer

notre chaiouDe  dun  couv de aueue
et nous noui 6tions tou; retrotivks  ~
la mer. Qu’ailait-il  se passer cette fois-
ci ? Notre  man~u~e minutieusement
r@%t6e s’av&e r6g16e & la perfection.
J’enfonce Ie point d’ancrage, la
bobirie de fil de traction passe par
dessus bord (Fig. 2) suivie de la
balise et Ie requin amorce alors une
plong6e saris le moindre incident.

C’est ainsi qu’e~t lieu la premi&e
localisation rf%ssie  dun poisson au
moyen du Syst5me Argos.

C6tait I’aboutissement  de quatre
ann6es defforts.  Nous nous sommes
a[ors  dirig& vers I’@quipe de
t61&ision,  furieuse de n’avoir pu
enregistrer cet &5nement  m~morabie,
mais nous avons pu leur en montrer
dautres Ie jour m@me.

NIMBLE et AWIRR  de NOAA 7 ainsi
que la station ternenne de satellite de
l’Universit6 de Dundee.

Cette image a 6t6 obtenue .5
14.36 GMT tandis que Ie syst~me
Argos r e c e v a i t  Ies dmissions de  I_a
balise du requin.

Apr&s le 6 juillet,  Ie temps est
redevenu maussade et nuageux.  Le
requin n’a pratiquement plus refait
surface, se d~pla~ant clans la zone de
Clyde jusqu’au 14 juillet,  date ~
Iaquelle  la Iigne de traction s’est
d&ach6e.  La balise a @t@ Iocalisde par
Argos  lors de sa d&ive et a kt~
Finalement  recueiilie  par un homme
se promenant avec son chien.  La
balise Argos  a 6t6 renvoy6e  &
Aberdeen en parfait ~tat de marche.

La possibiiit6 de Iocaliser  Ies animaux
marins au moyen d’un syst&me Argos
a ainsi @t@ clairement d~montr~e. Les
Iocalisations  d’Argos renseignent sur
Ie comportment animal, le requin
demeurant en surface par beau
temps ensoleill~ et disparaissant  clans
les profondeurs de la mer Ies jours
p[uvieux et maussades.

!
I

,

Figure 1: Balise Argos  pour requins pderins.
Antenne  quart &onde  incorpor~e clans I’ailette  veriicale en polydhik%e  et un manocontact  mettant Ie
dispositif  hors-tension quand ce demier est immerge.
Figure I: AIWS  P77 for basking sharks. A quarter waue antenna is incorporated in the
polyethylene uerfica{  fin. A pressure switch  inactivates the  deuice  when submerged.

A peine ces exploits &aient-ils
termin&  qu’un temps pluvieux s’est
instal16 et aucun autre  requin  n’a plus
6t6 obsem@, Le 2 juillet,  Ie requin a
@t@ localis6 pour la premi~re fois par
Argos 55 km plus au sud. Dautres
localisations  ont ~t~ effectu6es  Ies 3
et 5juiIlet.  Le 6, les nuages se sent
dissip4s et Ie requin a ~t+ suivi 5 vue
pendant pratiquement toute la
journ$e. Nous avons surveill+  la
surface de la mer en utilisant des
images par satellites CZCS  de

Ces observations correspondent bien
~ celles qui ont &t@ faites sur Ie
comportment du requin pderin. Le
6 juillet Ies Iocalisations  ont 6t6
suffisamment nombreuses pour
permettre le ca[cul de la vitesse de
nage du requin et la comparison de
cette derni~re  aux pr&isions de
recherche de nourriture  thdorique
optimale.

L’obtention  & la m~me  date de la
localisation et d’images satellite a
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‘conm”tu@  une mise
V au point passionnante.

~ Pour nous, il s“agit

/
r E dun outil des plus

r puissants car la t616d@tedon
permet de rep&er  Ies fronts

“therrniques ainsi que la production

Y
‘primaire  et la chlorophyll.

La comprehension des d6placements
f et du comportment des plantivores

{ iors de la recherche de nourriture par
~r rapport aux caract&istiques

oc~anographiques est fondamentaie.
Elle permet d’am.41iorer  notre
connaissance  de la dynamique de la
chaine alimentaire marine.

La perte de la balise. 17 jours plus
tard s“est  av&&e  d@cevante  car la
battene  a une dur6e  de vie de 110
jours  et d’autres  balises
endommagees  sent pr4c6demment
demeur~es en place pendant trois
mois.

La dur~e de ~exp%ience  d~montre
n+anmoins [e caract&e  rentable d“une

localisation par satellite par rapport au
temps qu’il faut .5 un navire pour
mener ~ blen une telle surveillance au
moyen de techniques
conventionnelles.

Des syst+mes VHF ou sonar
embarqu6s sur navire ne pourraient
pas rep&er  plus d’un seui Poisson ~
la fois,

Les efforts portent actuel[ement sur
I’dabotation d’une balise moins
volumineuse pouvant  &re fix~e sur
des animawx  plus petits pendant des
p6riodes  beaucoup plus Iongues.

(h rapport d@taill@ sur ces travaux est
actuellement publi6 clans ~ Fisheries
Research., Elsetier, Amsterdam. Le
film sur Ies requins pderins est
produit  par Walt Deas, Sea West
Productions, 8 Arkana Place,
Engadine. N.S.W., Australie.

Dr. !. G. Priede
Department of Zoology
Unwers,v  of Akerdeen

Scotiand  LI.K

The dawn of 27th June, 1982 w,as
bright and calm on [he Firth of
Clyde. a great inlet of [he sea o n
the West Coast  of Scotland, Two
students. a technician and / set out
from the picturesque port of East
Loch Tarbet  on board our chartered
motor gach[ in search of a basking
shark We had on board an Argos
PTT which we were going to attach
to one of these giant fish. The P7_T
had been bui[t in 1981. but in that
gear so few sharks appeared that
we had no opportunity to get close
enough to one. This gear was our
last chance: we had been working
on the deL1e/opmen[  of a satellite
tracking technique since 1978 and
funding was running OLiL
We ~~ere  towing a don.J  which was
to be used for the actual tagging of
the shark. We turned South and
headed to the Island  of Arran to
pick up a film crew who were
making a TV film about our ~sork,
The water was smooth and idea/ for
spotting sharks. Soon we saul one,
[he fin cuttin the surface. and then

%another: the asking sharks were
back ! They uere all young ones
on(y 2 or 3 metres long. too small
for our PTT. The shark PTT takes
the form of a buoyant capsule
(Fig. 1) which  is towed by the
ammal  u,ith a line attached to an
anchor injected into the base of the
dorsal fin. We then spotted what we
were looking for. a nice 7 m long
adult swimming along near [he
surface: its mouth was wide open
taking in uast amounts of water

and filtering out the microscopic
planktonic  food particles. Should we
go and fetch the TV crew before
Lagging  this shark ? No, this was
the best chance we had had for
two years and was not to be
missed.
TWO of us leapt into the dory and

up behind themotored carefti[[y

-.
-.

---.-

shark which was ob(iuious  to our
presence. / had a hand harpoon 164readu for irnbeddina the tow line
anch”or. the PTT w& ready to throw
ouerboard. In one of our early
attempts at this in 1978 a shark
had lifted our boat with its tail and
thrown us into the water. What
could happen this time ? Our
carefully rehearsed mance uuer was
perfectly timed. 1 injected the
anchor, the coil of line went
ouerboard  (fig. 2). then the P~,  the
shark submerged with no drama at
all.
Thus began the first successful track
of a fish using the Argos System;
the CLlhTIifILi[iOf7  Of fOUr years Of
development work. We went on to
meet the flm crew who were
furious at not having recorded the
great event but we were able to
show them other sharks [ater in the
day.

Short/g after these exploits a period
of cloudy  rainy weather set in and
no sharks were seen on the surface.
Argos  first located the tagged shark
on the surface flue days iater some
55 km further South on 2nd. July.
Further locations were recorded on
3rd and 5th Julg, and then on 6th
July the clouds cleared and the
shark was tracked on the swface
for most of the day; seuen
successive locations being ach ieued
bg Seruice Argos.  We monitored the
sea surface bg satel[ite remote
sensing, using the nimbus CZCS
and NOAA 7 AVHRR with the help
of the Lln iuersity of Du ndee satellite
ground station in Scotland.

After 6th Julg the weather reuerted
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figure 2: Dercwlemen[  de la ligne  de tracbon fixee sur Ie requ,”.
Une bonne synchron!smon  des operations est essentielle.
figur?  2. Tow  I[ne be,~g pa!d  ml aiter  aitachmem  !O the shark
Good rlmlng  IS es.st=nr(ai.
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to du(~ cloudy

‘ conditions and the
‘shark only surfaced

‘sporadically, moving
~within  the Clyde area until

y

9“ 14th Jul when the PTT tow
● line parte and Ar os tracked

●* ‘“fthe capsule as (t dn ed towards
the shore and was euentuallg  picket

UD bu a man walkina on the beach
7 wrifh  “his dog. The Pfi was returned

to Aberdeen in good working ordez
The feasibility of tracking marine
animals using the Argos system has
been c[early demonstrated. The
pattern of location by Argos tells us
something about the behauiour  of
the animal  in that it was on the
surface during clear sunny weather
and remained deeper on dull raing
days. This accords well with
general observations of basking
shark behauiour.  On 6th .luly
stiftcient  [ocations were obtained to
calculate swimming speeds for
comparison with predictions of
optimal foraging theory. The most
exciting deue[opment  was the
achievement of simultaneous
tracking and remote sensing
imagery. This we see as a most
powerful tool, since through remote
sensing thermal fronts can be
detected together with chlorophyll
and pn’marg production. An
understanding of the mouements
and foraging behauiour of
planktiuors in relation to these
oceanographic features is of
fundamental importance in
aduancing our understanding of
man”ne  food chain dynamics.
The shedding of the P?T” after only
17 days was disappointing (battery
life 110 days), preuious damaged
PTTs haue remained attached for 3
months. The duration of the track
neuerthe[ess proues the cost
effectiveness of satel(ite tracking
when compared with ship time
necessarg to sustain such an
exercise using conuentiona[
techniques. Ship based sonar or
VHF systems could not track more
than one fish at a time.
At present work is directed towards
a smaller PIT package which could
be attached to smaller animals and
also remain attached for much
longer periods of time.
A full report of this work is being
published in “o Fisheries Research “,
Eiseuier,  Amsterdam. The film on
baskin sharks is being produced

?by Wa t Deas,  Sea West Productions,
8 Arkana Place. Enaadine. N.S. W..
Australia.

Dr. /. G. Priede
Depaflment  of Zoologq
Unmersity  of Aberdeen

Scorfand.  UK

Les tortues  Luths (Dwrrrochelys
coriacea,  Vand.) sent des animaux
p61agiques  dent nous commengons
seulement depuis quelques  ann&es ~
bien connaitre Ies habitudes
Iorsqu’elles  s’approchent des c~tes
pour la ponte ou par le fait des
couran~.  Ces activit& iittorales ne
repr&entent  qu’une phase minime du
cycle de vie de ces tortues,  et encore
int6resse+il  essentiellement [es
femelie~.  Cest ainsi que des
observations de I’esp@ce  sent faites
par nous chaque ann~e sur Ie site Ie
plus important de ponte localis6 au
PLO. de la Gt.qmne et clans la region
des Pertuis  charentais  (S.0. de la
France) oh l’activit& est surtout
alimentaire.

Des milliers  de femelles ont @t&
marqu6es avec des bagues
num&ot.4es en Guyane  et au
Sunnam, avec un tr& faibie
pourcentage de K recaptures II. A
I’exception  dune Luth revue au
Ghana (Pritchard, 1976), Ies autres
ont ~t~ retrouv~es  au Venezueia  et Ie
long des cbtes des LI.S.A. De
nombreuses observations ont &t@
faites tr& au nerd jusque vers Terre-
Neuve, la Nouvelle  Angleterre  et la
Nouvelle-Ecosse  (Bleakney,  1965).
Etant donn6 que les Iieux de ponte
en Afrique de I’ouest et en
M&Merranee  sent tr&s restraints, il est
done probable que la plupart  des
femelles rencontrdes  sur Ies cdtes
europ+ennes  et africaines aiilent

pondre sur les plages guyanaises ou
sur celles des dlfffxents  petits sites
des Caraibes,  Saait-il  dune v&itable
migration 5 travefi l’oc6an  en suivant
tel ou tel comant,  derratisme  d e
certaines  tortues  ou bien dune
dispersion de la grosse colonie
reproductrice de Guyane  en petits
groupes  de quelques individus ?

Cest pour tenter de r&pondre ~ cette
question que nous avons entrepris un
programme de suivi des Luths
nidifiant  en Guyane ou passant le
long des c6tes  de France, & [’aide du
Syst&me Argos.

Dkerses  exp~rimentations  de suivi de
tortues marines ont 6t6 faites, soit 5
I’aide de ballons m6t60, soit par radio
ou sonic tracking. Ces suivis chez
Chelonia  mydas, Lepidochelys  kempii,
Caretta caretta et D. coriacea, n’ont
6t4 entrepris  que sur de courtes
distances et me renseignent pas sur
Ies II routes oc~aniques  ~).

Jacques Fretey (*) et Mich&le  Du~on  (*)
(4) Laboratoire  de Zoolcgie

(ReptilesArnptribiens)
du Mus&!m  national dHistaire  naturelle

de Paris

Leatherback turtles (Dermochelgs
coriace~  Vand.) are deepsea
reptiles that are known to approach
the coast to lay eggs or,
inuoluntari[y,  because of the erect
of the current, Only recently,
howeuer,  haue we gained any rea[
insights into their habits.
Although coastal. actiuity represents
only a small parf of the animal’s
life c c[e, and is restricted to

?fema es, these pen”ods  enable us to
make annual observations at two
sites, The first is the most important
[ocal nesting site, [ocated in North-
west French Guiana, while the
second site is in the Charentais
Straits (France.), where feeding is
the main actiuity.
A preuious program inuoluing  the
ringing of seueral thousand femaies

in French Guiana and Surinam
resulted in a ue~ low percentage of
subjects being retrieued on the other
side of the At(antic. Ekcepting  one
leatherback sighted in Ghana
(Pritchard, 1976), a[l the ringed
animals turned up in Venezuela and
along the North American coast
More generally, many sightings
haue been reported as far to the
North as Newfoundland, New
England and Noua Scotia
(Bleakneg, 1965). Giuen that [aging
sites in West Africa and the
Mediterranean are few and far
between, it seems [ikely that most of
the females found on the European
and African coasts lay their eggs on
the beaches of French Guiana or
those of the uarious sma[(er sites of
the Caribbean. The question now is
to determine whether there is true
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‘transatlantic migration
‘of the species uia some

‘ocean current or rather
‘wandering of individuals.

‘or, a third hypothesis,
‘the scattering of a large

~reDroducinu  colonu  into small

wgrc’~ps”  “ “
~ It was to find an answer to this

V question that we conducted an

Y
Argosbased prugram  to track
leathetiack  turtles nesting in French
Guiana or mouing along the coast
of continental France.

weather balloons, or radio or sonic
tracking. These programs, howeuer,
concerning Chelonia mydas  (green
turtle), Lepidochelys  kempii  (Ridley),
Caretta caretfa (Loggerhead), and
Dermochelys  coriacea were only
undertaken ouer short distances and
therefore do not yield information as
to ocean routes.

Jacques Frsieg  ~) et Michde Dumn  ~)
f) &dwato@+ de Zwkgie

(Rqn&?s.,4mphibiens)
du Mus#um  national d’Hisloue  natureile

LfE-  Park
A number of experiments have

-----

already been peiforrrred,  using either

Suivi de Luths
femelles & partir
de la Guyane
- protocole
exp%mental

Cette ex@imentation consiste 5
suivre  une Luth femelle &quip6e d’une
balise Argos  ~ partir de la plage de
ponte des Hattes (region frontaliere
avec Ie Sunnam)  oti est situ+ Ie
camp de base, Le protocole
comporte plusieurs phases:
1 ) etude de la fixation de la balise
sur la tortue avec essais  ~ terre;
2) essais  de la selle de f~tion et de
I’dectronique en mer:
3) Iancement de I’dectronique:
4) suivi sur plusieurs anrkes;
5) r&cup&ation  de I’dectronique, fin
de I’exp%imentation.

La phase 1 a St@ r~alis~e  d’avril a
juin 1983 avec la mise au point dun
premier modde de selle con$u  pour
recevoir une plate-forme  de
localisation CML 80; cette selle sera
modifi6e en 1984 et test.4e  en mer
avec un 6metteur. Elle comprend une
armature de tisine (r@serve  de
flottabilit@) sur laquelle vient se fixer Ie
socle de la balise (visserie  inox), un
tapis isolant antimycosique et un
hamais.

Les prochains essais devront  d&inir  la
fr~quence  des Iocalisations en
fonction de la qualit~ des @missions,
des temps de surface de la tortue, de
la dur~e de fonctionnement du bloc
alimentation.  En effet.  en plus d’une
antenne omnidirectionnelle  et de
I’@letionique. un bloc alimentation
compo<  de piles au lithium est
incorpore  clans Ie boitier de la plate
forme emettrice.  En raison  de
contraintes  de poids et
d“encombrement,  pour
I“experimentation clans son ensemble,
une alimentation par celiules photo.
voltaiques  conviendrait  mieux a nos
besoins sur plusieurs annees.
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cherchant a couwir toute la dur~e
d“une migration &entuelle.  b, Ies
ddais de restitution des donn@es de
I’ordre de quelques  heures seront
admissible. La mk.e en
fonctionnement  de I’dectronique sera
espac~e  vmisemblablement  pour une 1

cadence de 1 fois tous Ies 15 jours.
(he l o c a l i s a t i o n  tr&  pr&ise, calculee 1
au moins ~ partir des mesures  faites
au tours de deux passages de
satellite, dewait  suffire.

Jacques Fretey  (*)
et Jean+%rc Bretnacher
(“) Lalxmatoire de ZccIlcgIe

IReptilesAmph!biens)
du Museum national d“liistoire  n.muelle

de Pans

La premi&e  partie du programme
s’apparente & une p&iode  d’essais
propre & la saison  de ponte des
tortues Luths.  Chaque  femelle revient
pondre jusqu’~ 7 fois de suite & une
dizaine de jours d’intemalle.  Des
contacts tisuels  en mer et des
interventions ~ terre nous permettront
d’&aIuer son comportment, son .+tat
physique et de s’assurer de la bonne
tenue du mat&iel,  ainsi que son
acceptation par I’animal.

Pour ces interventions, la restitution
des donn~es  de localisation de la
plate-forme  nous donnera une
position journali+re,  compl~t~e en
temps r6el par une reception  directe
mdlogonio-m&ique.  Ces essais
pr~liminaires  nous renseigneront sur
Ies d~placements entre chaque ponte
de la tortue ~quip~e, sur la sortie
&entuelle des eaux guyanaises  et la
fiddit~ ou non a une plage.

Le Iancement de I’dectronique
intem”endm done ~ I’issue de ces
essais.  Cette seconde partie du
programme annoncera Ie debut de
l“exp&imentation  sur plusieurs ann6es

Tracking
female
Leatherbacks
from French
Guyana
- experiment
procedure

This experiment consists in the
tracking of a female leatherback
turtle carrying an Argos P7T starting
from the laying site on the beach at

Les Hattes (French Guiana. near the
border with Surirram) where our

base camp was originally situated.
The experiment irwolues several
phases:
1 ) s[udies into the most suitab(e
method of fixing the PTT to the
turt(e,  fol/owed  by land trials:
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2) sea trizds of the
r fixing assembly

r and electronics;
r 3) switching on the PIT:

‘ 4) tracking ouer a period of
years;

mteual: this will mark
~ the ‘end of the experimental phase.
Phase 1 took place between April
and June 1983, and gaue n“se to a
unit designed to accommodate the
CIYL-80 locatiomtype  P7T The unit
is now being modified, and is
undergoing sea trials with a liue
transmitte~ It consists of a resin
shell which acts as a floa~ and on
which is mounted the base of the
P?T with stainless steel fittings, an
anti- fungal  insulating pad, and a
harness.

The next batch of trials will serue to
define the frequency of locations as
a function of transmission quality,
surfacing time of the turtle, and
lifetime of the power supplies. The
omnidirectional antenna, electronics
and lithium batteries are all housed
within the P77 unit tioweuer, giuen
the weight and volume constraints,
and the fact that the experiment is
to continue over a number of ears,

f“ ‘solar cells would be a more e flclent
power source.
The first stage of the program
coincided with the laying period.
Females return to the laying site on
up to seuen occasions, at
approximately ten-day interuals.
Visual sightings at sea and on land
yielded an opportunity for
assessment of the behauior and
physical condition of the subjecL as
well as monitoring the state of the
hardware and the degree of
acceptance by the animal.

Between uisual sightings, location
data giue us a daily position fix
complemented by real-time direction
finder fixes. These preliminary trials

%etween each laying, point of exit
iue us information as to mouement

from the area, and any preference
for a particular beach.
At the end of these trials, the PTT
was turned on. This was the
beginning of a multi-year experiment
using Argos, the aim being to couer
the entire migration cycle (it
indeed, such migration occurs). For
this work, we can accept an internal
of a few hours before data become
auailable. The electronics will
probably switch on once every two
weeks. Accurate location based on
measurements made during at least
two satel[ite passes shou[d be
sufficient

Jacques Fretey (”)
et Jean+tarc Bretnacher
(“) Laboratoire  de Zoologie

(ReptikAmphibiens)
du Museum national d“Histoire nalurelle

de Paris

.-

Harnais
pour tortues Luth

La r~alisetion technique au Museum
dHistoire  Naturelle  de La Rochelle
d’un hamais maintenant une balise
Argos sur Dermochelys  conacea,
s’inscrit clans la phase prdiminaire  de
l’&ude du suivi par satellite des
tortues  L.uth  err Atlantique.

Le projet  consiste  ~ munir dune
balise Argos type transat
sp~cifiquement adapt~e pendant un
cycle annuel, cinq individus en
.Guyene  frangaise  (lieu de nidification)
et trois  clans Ies Pertuis  charentais
(lieu de fr~quentation  estivale).

[1 a pour but de dormer des 616ments
objectifs en faveur  d’une  v~ritabie
migration transatJantique ou d’une
dispersion d’individus  erratiques  &
partir  des courants  transoci+aniques
(cf.: conf&ence  Utilisateurs-Argos
Paris 21 avrii 1982).

Rappel: 1° La tortue  Luth
Dermochelys coriacea se distingue
des autres  Chelonioidea par I’absence
d’6cailles  sur sa dossi&re  car~rke, par
sa taille: la longueur maximum atteint
2,40 m, ar son poids estim~  entre

z350 et 00 kg.

2° Un premier rep&age  par radio ~
antennes directionnelles a St@ pratiqud
en 1978 clans Ies Pertuis Charentais
(M. Duron, 1978). La technique de
maintenance de l’rSmetteur  expos6
clans Argos  Newsletter 1981 no 11, a
6t6 ~ I’origine de la r+alisation du
hamais pr&entement d~cnt.

Le harnais
Le hamais doit maintenir une baiise
Argos  clans la partie ant&osup&ieure

mddiane de la carapace atin de ~
lib&er I’dmission  de la plate-forme
lors de I’@mersion partielle de I’animal
pendant ses phases de respiration et
de d~glutition.

Plusieurs impr%atifs ont @t@ respect6s
pour sa tialisation:
● robustesse: il doit r&ister pendant
un cycle annuel & la corrosion marine
et aux forces hydrodynamiques
rencontr6es;
‘0 simplicit~:  les conditions
extr~mement  pr~caires  de la plage
d e s  Hattes (Guyane  Frmaise)
rendent n6cessaire  d’6titer  Ies
manipulations sophistiqudes  et de
pr&voir  un maniement simple avec
des attaches rapides et 16g5res;
. rapidit~: le temps de manipulation
ne doit pas exc6der 1 h 30 mn
(temps d~mersion  totale  pour la
nidification)  de manii2re 5 ne pas
perturber  Ie comportment de
I’animal  choisi;
● conforrnit~  avec la physiologic de
I’animal:  I’interface  plac~e  entre la
balise et la dossi$re  de la tortue  doit
respecter [es &changes biologiques  et
&re r6duite  au minimum afin de
Iaisser la respiration cutan&  se
rapprocher de la normale. Toutes
causes de blessures doivent &re
&it6es.

Ainsi tenant compte de ces diff&ents
param&res,  le hamais se compose
d’un assemblage appropri~  de six
sangles de nylon tress6 de 5 cm de
Iargeur  cousues  entre elles. Elles
entrent clans les six fentes
spdcialement dispos~es  sur un cercle
inox entourant la balise avant de se
boucler respectivement. Un sandow
dispos~ sur chaque sangle  apporte
une 61asticit6 au moment du
sanglage  et tout au long de
l’experience. Un bracelet de mousse
n60pr&ne  enveloppe  chaque boucle

Sch6ma du hama[s  maintenant  une balks  Ar os
7Harness used to f(t P7T  to Ieathefiack  turt e
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de mani~re ~ prot~ger*
● la carapace des

* frottements @ventuels.
* Les s-angles crois6es sous

Ie plastron se referment
b

● sur la dossi@re  en convergent
● vers la balise.

% Le hamais est adaptqble  a
n’importe quelle tortue Luth adulte.

Llntetface

L’interface  balise-tortue permet de
rendre solidaire l’enveioppe inf&ieure
exteme de la balise Argos & surface
plate avec la dossi~re car@n6e  de la
tortue, tout en respectant Ies
4changes  biologiques de I’animal.

Form@e  par un empilement
cyiindrique  de douze disques
(diam~tre 42 cm - hauteur 8 CM) de
mousse rkopr+ne  coll& entre eux,
elle est fendue en son diam6tre
sagittal  pour Iaisser se Ioger  la car~ne
mtiiane de la dossi+re de l’animal.
Ladaptation  finale des coussins de
mousse @pousant  la forrne des deux
premieres  intercar&ws s’effectue par
61agage  au cuter aux mensurations de
la tortue.

Lors du marquage. la balise et
~interface sent maintenues par
pression au moment du sanglage.

F%oto M Duron

Les balises
8alise protorype:  choisie parmi Ies
balises type transat (CEIS).  elle a et6
modifi~e  par le CNES Argos  de la
fagon suivante:
● Utilisation de la m~canique et une
partie de I’@lectronique  de la bake
Transat  no 220.
● lnsta[lation  d’un emetteur  ayant ddja
navigue (emetteur  no 1 47).
Q OUS sol ayant ddj~ navigu+.
● Suppression des i nterrupteurs
extemes et des opturateurs  des
orifices par vis @crou et joint, ce
demier dant  plac6 a l’ext&ieur de la
balise.
● Potting de ~int&ieur  de la balise ~
I’aide de mousse syntactique
Eccofdam  EFFl  4 et Eccofdam
MD27.
● Des arceaux m+talliques  ont 6t&
r@alis&  pour soutenir  la coque en

polycarbonate, en plus de la mousse
syntactique  pour assurer une
&anch6k4  et une rigidit6 en
immersion jusqu’~  150 m de
profondeur (cf.: M. Leroy, CNES).

Le prototype actuel muni de
~dectronique et de tingt piles au
lithium n@cessaires pour une dur@e
de tie d’un cycle annuel.  atteint  un
poids de 9,5 kg.

Balise factice: r6alis6e aux normes
de la balise Argos  prototype en bois
plastifi~  et lest@e pour atteindre un
poids, de 9,5 kg, elle est utilis6e pour
Ies essais de fiabilit.$ du hamais.

Hamais balise interface
Le complexe hamais-balise-interface  a
& con~u  de maniere 2 ce que son
poids de 12,5 kg s’annule  totalement
en immersion (Principe dArchlm&de).
Cet @quilibre parfait est absolument
indispensable puisque par d&inition,
un exc& de poids provoquerait la
noyade  de I’animal  qui ne pourrait
remonter b la surface, et inversement,
une trop grande flottabilit~ emp~cherait
Ies plong6es  physiolcgiques  de la tortue.

Pose du hamais

Apr&  capture dune tortue Luth, soit
en Guyane,  sur la plage  des Hattes,
Iors de la nidification,  soit en France,
clans les filets p61agiques  de deux
chalutiers  des Pefluis Charentais,  Ie
d&oulement de la pose du hamais se
d@compose comme suit:
1° D6poser Ies sangles & plat sur Ie
tenain;
2° Amener la tortue choisie:
3° D6poser I’animal  sur Ies sangles il
plat;
4° Faire converger Ies sangles
ant&ieures  et post&ieures autour de
la carapace:
5° Pose de la balise munie de
I’interface:
6° Bouclage  des sangles:
7° Rivetage de s6cunt6 des sangles;

Le temps estime  pour la kalisation
de la pose du hamais et de la balise
sur la tortue Luth est de 15 minutes.

Des ameliorations seraient a apporter
clans Ie domaine de I’hydro.
dynamisme. Mais it doit cependant
satisfaire  aux contraintes
pr@c&temment  f%oqu+es.  Un
replacement des piles au lithium
par un systeme & celh.rles  photo
voltaiques permettrait de prolonger
I“exp%ience finale sur deux cycles
annuels.

Les essais du hamais.  avec balise
Fatice et balise munie de
I’dectronique rentrent clans Ie cadre
d’un programme Museum National
dHtstoire Naturelle  pfisent~, au
Groupe de Recherche et d’Etude en
0c6anographie  Spatiale  (G. R.E.O.S.).

~m M Dumn (-) et M. P. Duron
[-) Consermteur  au Mw4vm d,h$smm

%j~re[le  & ~ R~&[le

Harnesses
for ieatherback
turtles

The Natural History Museum of La
Rochelle (Fzsnce) has been using
the Argos system for mang years to
track Ieathetiack  turtles
(Derrnocheiys  coriacea) in the
Atlantic. Particularity significant work
has been done in designing a
harness to strap the Pi7 to the
turtle.
The project inuolues fitting specially
adapted yacht+ype P77s to fiue
subjects in their French Guiana
nesting zone, and three in the
Charentais Straits (France). the
summer feeding ground. Data are
transmitted ouer a complete oneyear
cycle.
The aim is to determine whether
true transatlantic migration takes
place, or merely scattering of
individuals by tramoceanic cuments
(see Argos Users  Conference Report
April, 1982).

Notes: 1) Dermochelys  coriacea
differs from the other Chelorr[idae
by the absence of bong scales on
the ridged dorsal shell, as well as
by its size (length up to 2.40 m).
and by its weight (betwen 350 and
600 kg).
2) Radiotracking using directional
antennas was first cm”ed out in the
Charentais  Straits in 1978
(M. Duron,  1978). The techniques
used to fix the PTT to the animal
(see Argos  Newsletter M’ 11. 1981)
led to the development of the
harness presently under discussion

The harness
The harness is used to fix the PTT
to the turtles back. somewhat
nearer the head than the tail. This
permits transmission during phases
when the animal partially emerges
from the water to breathe or
swallow.
Design objectives included:
s ruggedness: the unit had to be
capable of withstanding corrosion
and hydrodynamic forces
throughout a one.year  cycle:
● simplicity: the dangerous
conditions at Les Hattes beach
(French Guiana) prohibited
sophisticated handling procedures
and dictated swifl and simple
attachment deuices;
● speed: mzuimum  handling time
was fixed at 1 1/2 hour (total time
out of water for rrestin ) so as to

#ensure minimum inte erence with
the subject’s normal behauiour:
● c/ose fit of the pad between the
PTT and the animal. to allow the
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69 “animal to behave
b

● normally, and
* minimal size so that

* cutaneous breathing
would also be as normal

●
● as possible. In addition,

9 injuy  to the subject was to be
● . avoided.

These considerations euentuallg
~ led to a design consisting of six

5-cm-wide webbed nylon straps,
sewn together at the tress-over points
(see diagram). These straps pass
through slots in the stainless steef ring
supporting the PIT and then buckle
back onto themselves. A rubber
connector on each strap provides
elasticity, needed both when fitting
the harness and to give the animal
freedom of movement throughout
the year. The buckles are wrapped
in neoprene foam to protect the
shell from chafing. The straps cross
each other at the plastron and
fasten aboue  the dorsal shell,
converging on the P7T
The harness can be used on any
adult (eatherback turtle.

T h e  p a d

The pad is used to ensure that the
lower part of the PTT bears on a
relatively flat surface, again without
hindering norma[ behauioc

Composed of 12 superposed glued
neoprene foam disks, measuring
42 cm in diameter and 8 cm in
height the pad is split to
accommodate the lengthwise ridge
of the dorsal shell. The lower disks
are sculpted on the spot to a[[ow for
the shape of the two inter-ridge
spaces.
During fitting of the straps, the Pll
and pad are held firm[g in place.

The FW

1) The prototype was chosen from
the uarious CEIS-Espace yacht-type
P7T.s, and modified by Service
Argos. The mechanical assembly
and part of the electronics were
taken from Transat PTT M’ 220. The
transmitter electronics (PTT M 147)
and the L/SO (ultra-stable oscillator)
were also units that had already
been in service.
External switches were dispensed
with, and hole plugs were replaced
b a screw-nut-and-sea[.  The inside
Yo the P77 was filled with Eccofdam

EFF14 and Eccofdam MD 27
synthetic foam. Metal ribs were
fitted to reinforce the polgcarbonate
shell and synthetic foam, required
to ensure water-tightness and
rigidity during immersion down to
150 m (see Leroy, CNES).  The
present prototype, comp[ete  with
electronics and 20 lithium batteries
(lifetime: one year), weighs 9.5 kg.

2) The dummy model was made
out of plastiecoated wood to the
dimensions of the protot pe, and

Ywei hted to giues  a tota mass of
)?9.5 g [t was to be used in

reliability tests on the harness.

Harness.~  pad

The harness-PTT-pad unit was
designed so that its total weight
(12.5 kg) would be canceled out
during immersion, due to buoyancy.
This is of course essential, since too
great a weight would drown the
animal,””  while too iittle would
preuent it from diuing normally.

Fitting. the harness

Leatherback turt(es are captured
either on Les Hattes beach (French
Guiana) during the nesting season,
or in deep-sea trawler nets in the
Char@ntais  Straits.
The harness is fitted as follows:
1) the straps are laid fl’at on the
ground;
2) the turtle is brought forward and
placed on the straps;

3) the fore and rear straps are
brought together around the turtlek i
shell: .
4) the PTT and pad are then fitted;
5) the straps are buckled;
6) the straps are safety-riueted.
The total estimated time required to
fit the harness and P17 is 15
minutes.
The system can be further improued,
particularly as regards
hydrodynamics, though the
constraints mentioned aboue of
course remain. Second[g, replacing
lithium batteries by a system of
solar cells would extend the life of
the P7T, and thus that of the

. experiment, to two one-year cycles.
Harness trials, both with the dummy
P7T and the unit complete with
electronics, were petiormed  as part
of a Museum National d’Histoire
Naturel[e program presented to the
Groupe de Recherche et d’~tude en
0c6anographie  Spatiale (GREOS).

NPe  M. Duron  ~) et M. P. Dumn f’)
~) Consemateur  au Mu.?-4um  d’Hktoire

Nature//e de La Rwhelk

Cest en 1981 que j’ai commencd Ce projet  part de ~id&e que Ies
mes recherches  21 la station sur Ie solutions techniques doivent 5 la fois
terrain de Culterty  de I’lfniversit&
d’Aberdeen (Prof. G. M. Dunnet,

permettre d’obtenir  un ensemble
dectronique  d’encombrement  et de

Dr 1. G. Priede).  Ces recherches  ont poids r@duit  pouvant ~tre transport~
port6 sur la conception d’une  plate.
forme microminiaturis6e  plus

par I’oiseau et perrnettre la resolution
de bien des probl~mes poses  par

particulk%ement  destirke  aux oiseaux. d’autres  @tudes  sur les animaux.
Si cette tithe a +4 entrepnse c’est
parce  que la liaison de Plusieurs prototypes de plates-formes

td~communication  par satellite ont d~j~ &t& constructs. Les premiers

perrnet de surmonter au mieux Ies +quipements comprenaient des
limitations de propagation du champ composants standards implant&  sur
de vision Ii@es aux syst+mes de des circuits impnm&  deux fois

radiogoniomtlrie  au sol actuellement grandeur nature pour faciliter  Ie travail

utilises  pour Ie suivi des oiseaux  clans experimental. Les 6quipements  qui

leur -milieu nature]. viennent d~tre r6alis& ne p&ent  plus
que 78 g pour un diam&re de

..ti- 98 mm, comme Ie montre la fhure 1.
E-..,.  .
,.3-22.. . Une r@duction encore ~us

pouss6e  est envisag~e
~a & I’aide des techniques

$&, par film @pais.

*
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/44$b Afin d 6tud]er ~E
* expenmentalement

● I aerodynamique des* boltiers et Ie moyen Ie plus +l+~.-

● . appropne de f~aon,  on a du
/.Z/ prcc6der  & des essais de

/

f

.
“* montage de ces ensembles sur

des oiseaux  en captivit~ obsei+s
pendant des P&ides de temps

prolong~es  en 1982.

Le boitier de protection de I’ensemble
electroniaue est en nickel Dur.  Son
contour &aIi+  par &ctro~ormage
repr&ente  I’aboutissement  dessais
minutieux en soufflerie  (Figure 2),

Lln gros effort a 6galement  .4t.4 foumi
en mati&e de conception dantennes
appropriees,  I’accent  +tant mis plus
partfculi&ement  sur la fagon dent la
polarisation de puissance & partir de
monopoles 61ev& (5 401.65 MHz)
pouvait  ~tre r6duite.

Plusieurs options en mati&e
d“alimentation  ont @t@ examin@es  et
j’ai constat@ que bien peu de
capteurs primaires  ou secondaires
fonctionnant soit de fa~on autonome
ou reli~ & des capteurs solaires
pawenaient 2 d6biter 0.45A pendant
360 ms avec la plan4it6 de tension
edg.4e aux homes. Ualimentation
constitue  un handicap s&ieux 5 une
microminiaturisation encore plus
pouss~e.

Un recepteur  de champ a &galement
&t@  con$u.  II offre au biologist la
possibilit~ de d~terminer I’@tat
o@ationnel  des plates-formes  Iors de
Ieur d~ploiement  Ce r~cepteur
permet Sgalement de Iccaliser  avec
pr&ision Ies plate-formes  6quip6es
d’une bake VHF en vue de Ieur
r6cup&ation  ult&ieure.  Des r&epteurs
et antennes ont aussi 6t6 fabriqu&
pour couwir la frequence 136.77-
137.77 Mf-fz de la liaison descendant

I
du satellite. Ie but @tant de r6aliser ~
[“avenir  des tiavaux sur une station de

! r6ception  directe de Faible  cotit

Une ti+se sur ce sujet doit ~tre
publi6e  cet W et ma petite entrepnse
est cens6e  fabriquer Ies plates-formes
et Ies @quipements correspondents.

John French
Mminer  Radar  Ltd

-
- ___
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[n October 1981 / began research at
the L/niuersity of Aberdeen Culterty
field station. (Prof G. M. Dunnet DK
/. G. Priede), with the object of
designing a microminiature PIT
specifically for birds. This was
undertaken because the use of a
satellite — b a s e d  c o m m u n i c a t i o n
link prouides  the only effectiue wag
of overcoming line — of — sight
propagation limitations associated
with earth — based  d i r ec t i on
finding s stems currentlg  used for
tracking ~irds in the wild. The
thinking behind the project was that
engineering solutions to a package
small and light enough for a bird to
can-y must also solve many of the
problems associated with other
animal studies.

Considemble  work has also been
done on de-signing suitable aerials
with particular attention giuen to
findin a means of reducing the

7size o the ground plane required

~F0p~2$~~~M~m eleuated
Various options for power supply
were examined and I found that
few primay  or seconda~ cells  are
capable of supplging  0,45A for
360 MS with the required terminal
uokage flatness either as stand.
alone power units or used in
combination with solar ceik. The
power supply resents serious

rlimitations to urther size reduction.

Seuera[ prototgpe P7Ts have now
been built The first units used
standard com orients on a tinted

/[circuit twice uI1 size to ma e
experimental umrk easier. Later units
are reduced to 98 mm in diameter
with a mass of 78 grams as
shou wn in fig. 1. Further reductions
in scale are planned using thick
film techniques
Investigations into casing
aerodynamics and a suitable means
of attachmertt inuolued  the fitting of
triai packages to birds in captiuity
and under observation for extended
periods in 1982. The electronic
assembly is contained in a pure
nickel housing e/ec&ro-formed to a
contour carefully den”ued  by wind
tunne[ testing. fig. 2.

the operational status of PITs
during deployment This can also
be used to precisely locate P7T’s
containing a W-IF beacon for
recouey  purposes. Receivers and
aerials have also been produced for
the satellite downlink frequency of
136.77-137.77 MHz with a uiew  to
future work on a low-cost Local
Llser  Terminal .

/t is intended to publish a thesis on
the shject this summer and for my
own small company to produce the
PiTs and associated equipment.

John French
,Wa,,ner Rad~, L[d

—..-- —— —.—. —_
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I pour k suivi des
animaux

Ailn de pouvoir ~tre  suivis via Argos,
Ies animaux  doivent &re 6quip4s  dun
6metteur  dent le mod~le a 6t6 certifi~
par le Service Argos.

Ces $metteurs  peuvent  ~tre constructs
par n’importe quel constructeur,
indus~”el ou organisme public.

Le but de la certification est de
s’assurer  que Ies 6metteurs,  fabriqu&
suivant un mod61e type, sent
compatibles avec I’instrument
embarqu~ et ne perturbent pas la
r6ception  des autres plates-formes.

Pour obtenir la certification, le
constructeur doit essentiellement
envoyer un mod~le type de son
~metteur  & Toulouse, pour y subir Ies
essais  de certification.

La certification obtenue est aussi
valable  pour tous les 6metteurs
techniquement identiques au modde
soumis aux essais.

En ce qui concerne les 6metteurs
ceW”fi& de.sth% au suivi des
animaux, piusieurs probl@mes
techniques sp6cifiques  ont dti @tre
tisolus :
. I’alimentation  Wctrique  de
I’dmetteur:  afin de prolonger Ie temps
de fonctionnement des batteries il est
recommand+  :

sur Ies ani maux terrestres, dutiliser
des cellules  solaires,

- sur Ies animaux marins,
ct’interrompre  le fonctionnement de
~@metteur  iorsque  I’animal  est en
plong~e  (utilisation dun
manocontact);
● la masse et I’encombrement de
I’@metteur:  doivent &re compatibles
avec la masse et le volume de
I’animal;
● Ies contraintes  m~caniques:  sur [es
animaux marins [es ~metteurs doivent
~tre capables  de r6sister aux fortes
contraintes  dues ~ I’environnement
marin: pression, salinity . . .

Les principals caract&istiques des
@metteurs  certit%sw, destin6s
essentiellement au suivi des animaux,
sent regroup~es  sur Ie tableau ci-joint.
Les adresses des constructeurs sent
indlqu~es  clans la liste des
constructeurs certit%%,  publi6e  clans
ce journal.

Le bbleau ne regroupe que Ies
6metteurs actuellement  certh%s
(i.e. au 1“ mars 1983). De nouveaux
mat&ieIs,  en tours de
d&eloppement, dewaient  6tre certifks
au tours des prochains mois: ii s’agit
notamment d’une &lectronique  de
Telonics (en tours de certification) et
d’une +Iectronique  anglaise.  Saris
compter bien stir, d’autres  mat<riels
pouvant &tre  d6ve10pp& par des
constructeurs non encore connus du
Setice Argos.

En conclusion & cette synth&e,  il faut
constater  que cette application
d’Argos  a perrnis de r6aliser  des
progr& techniques 6normes sur [es
6metteurs et leur miniaturisation,
progr& dent dewaient certainement
tirer profit ~ court terme tous Ies
autres domaines d’application  d’Argos
(bou&es dr%ivantes  miniatures, etc.).

Type de Plage  de Date de
Constmcteur ~~metteur tem@rature Masse certification Animaux
Manufacturer PIT Temperature Mass Date of For use with

model range certification

Mini Maxi

Applied BF4 + 10”C +45°C  150g Octobre  1983 Oiseaux
Physics October 1983 Birds
Laboratory

Telonics CM – 20”C  + 40”C 450 g en tours Animaux
10001-002 in progress terrestres

Land animals

Toyo  Corn, T 2014 – 5°C + 50”C 500 g Janvier 1983 Animaux
January 1983 marins

Marine animals

Wood-hey 165 – 20°C + 55°C 800 g Mai 1982 Animaux
May 1982 manns

Marine anirnds

Certified P7Ts for
animal tracking

As in all applications of the Argos
su.sterrr. PITs for use in animal
t~cking  must  be of an ap roved

Emodel, that is, theg must aue been
certified by Seruice Argos. The user
is, of course, free to deal with the
manufacturer or organization of his
choice.

The aim of the procedure is to
ensure compatibility between P7Tk
and the satellite onboard eq.uipmen~ #

and also non-intetierence  with other
Pros.
To apply for P77 certification, the
manufacturer sends a model to 8
Service Argos (Toulouse) for
certification testing. Certified designs
are then considered valid for all
identical units. f

The design of PTZ.S specifically for 4
use in animal tracking poses certain
probiems, for example:
● PTT power supply: to ensure
maximum battery life, the use of “1
solar ceils is recommended for land
animal tracking, and switches that
turn the PTT off when the subject is

r

diving for marine animal tracking;
● the mass and volume of the PTT 4
must be compatible with the nature
of the animal;
o mechanical forces are frequently
severe, in particular in the case of
marine animals; PTTs must be &.,
capable of withstanding such
phenomena as pressure and salinitg
and other features of the man”ne
environment.
The main characteristics of a w
number of certified PITs used in
animal tracking are given in the
table. The list on page 15 of this
Newsletter gives the addresses of 4
the manufacturers.
The table shows only presently
certified PIT.s (as of March 1, 1984).
New hardware is currently being
deueloDed. and should be certified
during the coming months, for
example a new, lighter PTT which
is on its way from the American
company Telonics, and another
from a British manufacturer. There @
may, of course, be others “in the
pipeline” of which Seruice Argos is
not yet aware.
Work on animal tracking via the 8
Argos system has enabled great
strides to be made in PTT design, in .-
particu[ar  as far as size reduction is
concerned, and the progress made @is certain to benefit other app/ica(ions.

- ---. -.———— R:~:s ====-= ;
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4 novembre 1983
Certification dun 6metteur  type UHF
83 de CE[S  Espace piIot6 par
microprocesseur, Iocalisable  de — 20
& + 50°C et d’un poids de 500 g. Cet
emetteur, aliment~ en 12 V, a une
puissance de sortie de 33 dbm et se
pr6sente  clans un cylindre  de 0 130
X 90 mm. Du fait de sa forrne il est
patticuli~rement adapt6  pour ~quiper
Ies bou~es  d%vantes.

21 novembre 1983
Ce@fiCabOn  dun @metteur  . s&ie A.
de I INPE (Instituto de Pesquisas
Espaciais) du Br&il destin4 ~ des
exp%ences  d“hydrologie.  L’6metteur
est clans un boitier de protection
cylindrique  en PVC ngide.
Dimensions, 0165 X 370 mm
Poids :3,25 kg
Bien que prevue  pour etre utilis~e  en
collecte  de donn~es  cette plate.forme
est Iocalisable  clans une gamme de
temphture de – 20”C a +- 50”C.

November 4, 1983
Saw the certification of the CELS-
Espace microprocessor.controlled
,UHF 83 location-type Pm. ?7re new
model (12 V) ureighs 500 g and
operates at temperatures between
— 20 and + 5@C. Its output is
33 dBm, and dimensions 130 mm in
diameter bg 90 mm Its cglindtica/
shape makes it pacticulariy suitable
for use on drifting buoys.
Just 17 days later
Another new PTT was certified by
Setvice Ar OS, this time a model

%produced y the INPE (Instituto  de
Pesquisas Espaciais) of Brazil. This
“’ series A “ model is for use in
hydrologic a-paiments and comes
in a protective cylindrical PVC
package. Measuring 165 mm in
diameter by 370 mm, it weighs in at
3.25 kg. Akhough primarily intended
for data coilectio~ the ~ can be
located at operating temperatures
between – 20 and + 50’C

,-
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]du film Argos 2
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Suite & de nornbreuses demandes
de !a part de lecteurs  concemant  la
possibiM@  de se procurer une copie
du kcent  film de promotion

figos  2 ● (dur@e:  22 minutes.

i
langue:  anglais  ou frangais,  ~
s~fier), Ie Service Argos a Ie

Iaisir dannoncer que:
Ie r@akateur  du film, la So@t6

ERESFUIS, assure directement

1 kmats  s.ivarts  (tarif  Valable
distribution de copies sous Ies

iusau’a-u  31.12.&):r– him 16 mm, & prix unitaire  de
2200F:

I
– Mdeo U.MATIC, standard PAL
ou SECAM,  au prix de 850 F
- Video VHS. standard PAL ou
SECAM  au pti de 600 F.
Pour commander une de ces
copies i] faut adresser directement
la commande (en spkif3ant  la
Iangue,  le format et &entuellement
Ie standard lV) et Ie ~aiement  au

c
8
7
●

a

O. rue de %ussure
5017 Paris — France
des copies video INTSC  seront

~ bientbt  disponibles  en s“adressant
u bureau USA du Setice Argos:

Ies modalite%  de commande et les

1

prix seront publi@s clans un
prochain numclro  de l’Argos
Newsletter.

I The new
-.

4 Mang  readers kwe expressed
Werest  in obtainina coDies of the

f i lm “Argos  2”.

i

no-w akilab~e in
either English or French. Sen)ice
Argos has pleasure in announcing
that the film. lasting 22 minutes,
can be obt
producers.

ained di~ect,
C4res  Films.

[y fro!
The

n the
/ $&l

! unit pn”ces of the uan”ous  uersions
are as follows:
● 16-mm film: FF 2 2 0 0 :

I U-MATIC Video (PAL or
SEC%FI)  : FF 850:
● VHS Video (PAL or SEC4M):
FF 600.

I

Orders, specifying the language
and uideo  and W standards
reauired.  should be sent together

i
wiih payment to;
CERES FILMS
80, rue de Saussure.
75017 Paris — France

d

NTSC uersions of the film  will
soon be auailable  from Seruice
Argos”  United States office: prices
and order ing procedure wdl be
published in a forthcoming issue
of the Newsletter.

— — —:
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Liste des constnrcteurs  fsbriquant
des terrrrinaux de tmnsmission
cetifh% par le Service Argos.

The following firms  are currentlg
man~acturfng  Platform

Transmitter Terminals (P77k) that
have been cert$7ed bg Service

Argos.

Bristol Aerospace Limited
P.O. BOX 874

Winni~a~a@anitoba

Mr. F. Berrrrd
Tel. (204) 775.83.31

Telex 0757774

Ceis Espace
Zone lndustrielle  de Thibauk

31084 Tgr;l:~ee  Cedex

Mr. B. Fromantin
Tel. (61 ) 44.39.31

Telex 521039

Eidsvoll  Electronics
P.O.  Box 38 N. 2081

Eidsvoll
Piorway
Mr. L Nordby

Tel. (6) 96.42.30
Telex 72091

Hermes Electronics Limited
40 Atlantic Street

P.O. Box 1005, Dartmouth
Nova Scotia B2Y 4AI

Canada
Mr. R. Walker

Tel. (902) 466.74.91
Telex 01921744

hstituto  deCP~&r~ Espacias

12200 Sao .l~; dos Campos.SP
Brazil

Mr. N.J. Panrda
Tel. (123) 22.99.77

Telex 1121534

Johns Hopldns University
Applied Physics Laboratory

Johns Hopkins Road
kUki, M@&nd 20707

Mr, T. Stkwerda
Tel. (301) 953.71.00

Telex 89548

National Cent\~e~~Umospheric

P.o. Sox 3000
Boulder, CO 80303

U.S.A.
Mr. C. Morel

Tel. (303) 494.51.51
Telex 0450213

Polar Fteseqrch Laboratory Inc.
Santa Barbara Street 123
.Santa  8ar$;ACA 93101

Mr. W;P~ Brown
Tel. (805) 963.19.29
Telex 9103343465

Toyo Communication
Equipment Co Ltd

i’i.8. ~01’i  Bldg  –
20.4 ~:isoS~:irbashi

Japan
Mr. M. Tsutsumi

Tel. (03) 436.21.80
Telex 02423115

Wood lvev Svstem Corporation
3555  ~orsyth  Roa~
Orlando, FL 32807

U.S.A.
Mr. G.S. Smith

T&l. (305) 678.61.16

‘B. .
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REPLACEMENTS DES CARIBOUS
DANS 124RCTIQUE  OCCIDENTAL

MOVEMENTS OF CARIBOU
IN THE WESTERN ARCTIC HERD

nS P E C I A L

Sulvl
D’ANIMAUX

Au tours du printemps 1984, les chercheurs
du Wildlife-Wildlands  Institute ont
entrepris une .ixude des replacements et des
mi-tions  d’w tmwau  de caribous de
I’.%tique occidental au moyen  des
satellites AROOS-TIROS.  Ce troupeau est
Ie plus grand d’Alaska et il occupe la zone

nerd-ouest de I’etat, qui est la plus reculee du pays.
De recentes estimations dvaluent  sa population A 180000
t&s environ.
En mai dernier, deux femeffes  ont et6 captur.% pres de
Selawik  en Alaska. Un collier renferrnant  1a place-forme
emettrice certifi6e par le Service Argos et developp~e  par
Telonics  Inc (Mesa, Arizona), a 6tE plac6 sur les deux
femelles qui ont ensuite et.+ relachees. Pour preserver la
duree de vie des batteries, les plates-formes devaient
transmettre un jour sur trois. Chaque collier renfermait
egalement  un eme~teur UHF, ce qui a permis aux
chercheurs de Iocaliser et finrdement de recuperer par avion
un des colliers. En raison de la nature gregaire du caribou,
les replacements de ces deux femelles  etaient representatifs
des ddplacements  de l’ensemble  de la population femelle
du tIOUtXXiU.

In the spring of 1984, scientists from the
Wildlife-Wildlands  Institute began tracking
the movements and migration of caribou
in the Western arctic herd via the ARcX3S-
TIROS  sateUite-s.  This herd is the largest in
Alaska and inhabits the remote northwest
corner of the state Recent estimates place

its size at about 180,000 animals.
In late May, two female caribou were captured near
Selawik, Afaska.  Each was fitted with a prototyp~
Argos-eertified PTT cdar developed by Telonics In~
(MesrA Arizona) and released. To conserve battery lif~ the
PTTs were progzarnmed  to transmit signals every third day.
Each collar also contained a UHF transmitter, which
enabled scientists to locate and eventually retrieve one of
the collars using fixed-wing aircraft. Due to the gregarious
nature of caribou, the movements of these two females
were indicative of the general movements of the female
segment of the herd.
After release the caribou travelled north over the Brooks
Range to traditional calving grounds wher% in Jung they
each gave birth to a healthy calf. They then moved west to
the shore of the Arctic Ocean where the bufls began to join

the herd. Throughout the
brief arctic summer, the
caribou moved east along
the foothills north of the
Brooks Range. Then in
September, they begart
heading south. One of the
cows was killed by a
srizzfY bear near the
Noatak River in early
September; the PTT was
subsequently recovered.
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The other cow
continued south with
the herd to the
Selawik Hills where
she wintered. Battery
failure occurred for
both PTTs at the end

of September after about four
months of operation. Each animal
was tracked over 1500 miles at a rate
of about 10 miles per day. The UHF
transmitter permitted researchers to
Iocate the other cow throughout the
winter.
Based on the success of the first year,
two additional females were
instrumented with FITs last June
after they had reached their calving
grounds north of the Brooks Range
One cow already had a crdf; the othe
gave birth one week after capture.
The movements of these females wer{
similar to the previous year. In the
summer, however, one of the females
moved several hundred kilometers
further east than either did the
previous year, crossing the
Anaktuvuk River; then in the late
fall, both females travelled about
100km further south, reaching the
Unalakleet drainage in the Nulato
Hills.
The Telonics lTTs have performed
extremely well under the adverse
arctic conditions. Each year battery
life has been extended, and overall
performance improved. As of this
writing, one of last year’s PTT’s is
still transmitting daily locations. The
Wildlife-Wildlands  Institute plans to
deploy six more PTTs  this spring.
Four will be placed on caribou and
two on grizzly bears.

Derek Craighead
Wildlife-Wi[dlands  Institute

5200 Upper Mikler  Creek Road
Missoula, Momma 59803

(406) 215-3867 I

(.
,

‘ i . . ,,

,.--”’
. .

AN ARGOS-MONITORED RADIO
TAG FOR TRACKING MANATEES

background

Field applications of
satelfite-monitored
radio tags to marine
mammals have had
short-term success

during experiments with humpback
whales (Mate et al, 1983) and graY
whales (Mate et af, 1984) This paper
describes a totally new tag design for
an Argos PTT and its performance
during its first field trial on a west
indimt  manatee (Trichechus  manatus)
along the west coast of Florida.
The manatee is an endangered mammal
and a fully aquatic herbivore. These
animals typically swim slowly in shallow
waters and feed almost continuously
on freshwater and marine pIants. In
the summer, manatees are found as
far north as North Carolina, but
during winter their range extends
north only as far as Florida. These
seasonal changes in distribution
reflect the manatee’s intolerance of
cold water. Most of the detailed
information available on the
movements of individual manatees
has been collected with short-range
VHF radio tags during the winter,
when some manatees go up a few
rivers having warm springs. There is
little information available on the
movements of manatees from March
to November, because the animals,
move into saltwater, where the short
range of VHF radios precludes
tracking. Such information is
important for an understanding of
manatee home rang% foraging
strategies, and energetic.

I
1methods
On 5 February 1985, a captive adult
male manatee named “Beau”, was
fitted with a Telordcs Platform Terminal
Transmitter (PTT) in a specially
designed housing. Beau had been in
captivity since January 1979, when
he was found in Gulfport, Mississippi
suffering from cold stress. He was
originally rehabilitated at Sea World of
Florida and then moved to Homosassa
Springs Attractions. Prior to its
tagging, the manatee was moved to
the Homosassa Spring itself, which is
the source of a tributary running into
the Homosassa River, The tagged
manatee was limited to a 500 m diameter
area for two weeks by a wire fence
crossing the tributary. During this
impoundment, we evaluated the
accuracy of PTT locations, the

performance of the attachment and
the manatee’s behavior. The manatee
was released into the Homosassa River
14 days after tagging (19 February).
The release was made two weeks
before offshore water temperatures
were expected to be warm enough for
manatees to tolerate so the released
manatee might “learn” that rivers
were warm water refuges. Fifty days
~fter its attachment, the PTT-equipped
manatee was located with a Telonics
rR-2 Argos uplink  receiver and the
PTT was removed.
Tlte U.S. Fish and Wildlife Service
developed an attachment system for
VHF tags (Rathburn,  in prep.), which
was also used for the PTT. A strap
around  the caudal peduncle of the
manatee secured a 2 m flexible nylon
rod by a swivel. i% its other end, the
nylon rod was attached to the floating
PTT through another swivel. The
relonics-built  PTT was housed in a
PVC tube 35 cm long and 4.5 cm in
iiameter.  Both PVC end caps were
made water-tight by O-ring seals,
One end cap was a 4.5 cm long cone
iesigned to shed weeds which attached
:0 the nylon rod through a swivel at
Its tip. The other end cap was flat
with a stainless steel insert to act as a
ground plane and base for a 12 cm
external whip antenna. The positively
buoyant PTT floated vertically with
the antenna and 3-4cm of the housing
above water when the manatee
was not swimming.
The PTT transmitted once every
minute and sent activity and PTT
temperature data encoded as 32 bits
following the PTT identifier. The
activity data related to mercury
switch closures when the PTT tipped
more than 90 degrees. ‘fkansmissions
included summaries of the number of
times the mercury switch closed in
the preceding 30 minute period and
during the previous 6 hour period.
Internal temperatures of the PTT were
measured to the nearest 0.03 degree C.
Service kgos  calculated lqcations when
enough messages were available.
Locations were calculated on the
basis of 3 different Service Argos
criteria. Location and sensor data
were recovered from Service Argos  in
three ways. 1) U.S. Fish and Wildlife
personnel collected telex files at least
once each day using a Radio Shack
Model 100 portable computer to
interrogate the Argos computer files
through Tymnet  and Transpac;
2) OSU personnel collected dispose files

3
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truthing  wilf be quite difficult. We
recommend that Service Argos attempt
to provide a spectrum of user services
with more flexible software options
when they next have an opportunity
to redesign their systems. Exampks
of useful user options would include:

1) location determinations from as
few as three messages, even with
reduced accuracy;

2) d~ access to fulf data sets in
iWCftiVS  and

3) retention of dispostitelex files for
longer p-eriods.

This paper is ordy a preliminary
report of an experiment which is still
in pro~ess. Fifty days after the initial
tagging, the manatee was relocated
and the FIT  removed. New batteries
were installed and the PTT was
reattached to the same animal. As of
20 Nfay the ITT was stiff attached
and performing well. As ocean
temperatures warm, the PIT-
equipped manatee may start ranging
farther from the river systems to use
the nearshore waters of the Gulf of
Mexico. This will be exciting, as

virtually nothing is known of
manatee ocean movements.
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ENVIRONMENTAL HOUSINGS
FOR ANIMAL PTT’S

The design of a rang
of animal compatibl(
housings is
something of a
challenge At one
environmental
extrem% migratory

birds may attain an altitude perhaps
3000 metres where pressure and
temperature are much reduced. At
ground level, land mammals can
weigh more than a ton and seem to
spend long periods scratching or
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ubbirtg  themselves on trees and even
~ strong housing will have limited
ife. At another extreme sea mammals
nay dive to > 1000 metres where the
pressure on the housing reaches
10MPa  or about 100 atmospheres. In
all cases it is necessary to design an
antenn~ unobtrusive to the animal,
so that high DC to RF conversion
efficiency minimises the size of the
battery pack.

frequertey stabifity

With all Doppler location systems
accuracy is critically dependent on
the transmitter frequency and the
housing can play a crucial role in
achieving the precision required
(1 part in 109 over 20 minutes) to
allow location. The problem can be
brought under control minimizing
thermal gmdients as it is usuafly the
rate of change of temperature that
limits the ultimate stability of a
quartz resonator.

As
fig. 1 shows the main elements of a
?TT designed for seals. The housing
s fabricated from AILS and can
vithstartd dives in excrxs of
YJO metres (1000kPa  or about
en atmospheres). The antema  is
abricated from stainless steeI wire
,tiffened  with PVC sleeving, a ground
hrte is formed by chromium plating
he exterior surface of the plastic
ncluding the batteries, the totaf
veight is about 650 grams (see ref. 6).
t is attached by a strong cotton mesh
aced to the base of the PTT housing
md embedded in the fur with epoxy
esin. By timing the experiment
‘elative to the annual moulting
)eriod the time it has to be carried by
he animal can be minimised.
[nspection of tagged animafs after
noulting  shows no sign of the
machment.  Fig. 2 shows how body
lest stabilises the oscillator (data
;ource NERC/SMRU  experiment).

whales
h%ale  tracking PIT’s can be housed in
i glass bathymetric sphere (see Fig. 3).
flis protects the PIT’ from the
considerable changes in pressure as
he whafe sounds or surfaces and the
temperature span cart be limited to
he main thermocline (4 to 20 deg. C)
f measures are taken to reduce tfie
:ffects of solar radiation. To
ninimise  the chance of leakage the
mtenna is designed to radiate
.hrough  the glass thus obviating
penetrations.

3irds present wide ranging problems
M changes in pressure and

; I = ‘ 2 “ ’w ” m ” w ’’” E m W” E” ’
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temperature both act upon the
oscillator due to the very light weight
housing required.
Significant location errors cart occur
due to unknown altitude The errors
introduced are afmost entirely in
longitude and increase by the tangent
of the satellite elevation (see Fig. 5).
To resolve this it is necessary for the
PTT to carry an altimeter so that
height data can be added to the

7
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10 atmosphhes).  Uantenne est en fil
d’acier inoxydable rigidlfi6 par un
manchon en PVC, 1a masse tkmt
constitute par du chrome recouvrant
la surface externe du plastique Le
poids total, batterie comprisq est de
650 grammes  environ (voir R6f. 6).,.
Uensemble est fbd par un filet de
coton r.%istant, attach6 au niveau de
la base du boitier et col16 clans la
fourrure de l’animal par de 1a r6sine
epoxy. En synchronisant  I’exp&rience
avec Ies piriodes de mue des
animaux, on peut r~duire le temps
pendant lequel l’animal doit porter
l’appareillaga L!inspection des
animaux ainsi &quip&s  apr~s qu’ils
aient perdu leur poil a rh%5 la
disparition compl+te de toute
fiition. La Fig. 2 montre comment
la chrdeur du corns stabilise
l’oscillateur (sou;ce: experience
NERC/SMRU).
les baleines

Les plates-formes de suivi de baleine:
peuvent se loger clans une sph~re
bathym~trique  en verre (voir Fig. .3).
Elle prot~ge la plate-forme des
changements consid6rables de
pression qui ont lieu lorsque la
baleine plonge ou remonte ~ la
surface et la temperature peut ~tre
lirnit~e au thermocline principal (4 is
20 degr~s C.) si on s’est efforc~ de
r~duire les effets dsr rayonnement
solak Pour minimiser Ies risques de
fuitg l’antenne est conque pour

4mettre  au travers du verre qui
emp~che toute p6rrdtration.

Ies oiseaux

Les oiseaux  pr.%entent toute une 56]
de prob16mes  du fait que les
changemlmts  de pression et de
temperature agissent sur I’oscillateu
ceci parce que le boitier doit rester
tres I&germ
Des erreurs significatives  de
localisation surviennent en raison d
manque d’information concernant
l’altitude Les erreurs observees
concernment presque toujours la
longitude et augmentent A cause de
tangente de IWevation du satellite
(Fig. 5), Pour r6soudre ce probl~mq
est n6cessaire que la plate-forme soi

BALISE ARGOS BA15
POUR SUIYI D’ANIMAUX  MARINI

H BAMa&+
La balise ARGOS I couleur orange.

Le flotteur contient I’emetteuru developpee par CEIS

SW ESPACE,  PIUS

D’ANIMAUX partictdierement
pour le suivi
d’animaux  marins de

forte taille (baleines,  tortues,
dauphins, d~phants de mer...)
pouvant descendre jusqu% des
profondeurs de plusieurs centaines de
rnetres.
La localisation par le syst&me’
ARGOS s’effectue 6videmment
Iorsque I’animal est en surface.
La balise est constitute d’un flotteur
hyperbarique compose de deux
hhisph~res  rod~s  ~ Ikquateur d’un
diam6tre de 10 pouces prot6g6s  par
un cardnage en ABS thermoform6 de

ARGOS UHF 83, I’antenne  et une
alimentation par piles lithium
(autonomic de 4 mois pouvant 5tre
i%endue A un an en ne faisant
fonctionner I’&metteur que huit heu]
sur vingt-quatre) (voir scht$ma).
Eensemble  est totalement etanche e
garrmti  en immersion jusqu’ii 6000
m~tres de r.)rofondeur.

La fixation de la balise sur l’animal
s’effectue par I’intermtfdiaire de 4
trous aux 4 angles du car&iage.
11 appartient aux utilisateurs de
d6finir  eux-m~mes, le moyen Ie mie
adapt6 pour cette fixation, qui
d~pend essentiellement de I’animal
suivre (singles,...).

B. Fromantin  CEIS Espace I

quip6e  d’un altimatrq de sorte que
x donn6es d’akitude puissent ~tre
lt6gr6es  au message et introduites
ans les calculs de localisation. Plus
implement, ii est possible de
$lectionner les Iocalisations a partir
e passages i basse altitude si l’on
onvient de tolerer une certaine
nprkcision.

a figure 4 repr6sente une piate-forme
e taille suffisamment r4duite pour
ouvoir ?tre 4quipf5e  sur un oiseau
‘un poids inf+rieur h 8 kg. La
atterie est l’obstacle majeur qui se
ose pour obtenir une r~duction plus
nportante encore de l’ensembl~ La
wtsommation  moyenne est d’environ
DmW bien que la batterie puisse
mmir des impulsions de 0,5A avec
ne interruption de 5qo pendant
60 ms. Lorsque l’on utilise les
atteries primaires actuelles comme
mrce d’&tergi~ Ie volume minimum
;t aujourd’hui de 300rrd  environ
our un poids de 200 g. On va
irement bt%~ficier ~ court terme
‘am~liorations,  grace h un contrdle
[us pr4cis des periodes  actives pour
!duire la consummation, et en
]rveillant les donnees
hysiologiques par Ie systtmq ce qui
utorisera des reductions importances
e la taille de l’ensemble.

eut-?tre que le dernier des d6fis
uquel nous avons ~ faire face ~
loins que quelqu’un  d’autre ne soit
IUS inform6  ~ ce sujet, est la plate-
]rme pour poissons  qui est
ctuellement ddveloppte (Fig. 6),

lIe est Ltudite  pour se Iiberer
~ontantment et se {<d4sint.5grern
?ri?s une p~riode de temps
r6d6termin6e  (R&f. 7).

John French
Urriversit4  d’Aberdeen
et Mariner Radar Ltd ■

■ 1. Craighead, F.C. Jr.; Craighead,
J. J.; Cot% C.E.; Buechner, H.K.;
Satellite and ground radio tracking of
elk. Animal Orientation and
Navigation, NASA report SP 262.
19727

w 2. Argos users guide.

❑ 3. French, J. Tracking birds and
sea mammals by satellite Ph.D.
thesis, University of Aberdeen, 1986.

❑ 4. Pried% L G.; A basking shark
(Cetorrhinus maximus)  tracked by
satellite together with simultaneous

8



. . . . . .
.:- .,.-. . . . . . . .:.;. . > . ” . . ’ . . .,.

jb&i@d and introduced itltO”th
tion caktdatiorL  More simply, ii
@osaiMe to seled locations born
w altitukferpgrplg some loss
~~
be outline of a PTT  smalf enough
I be carried by birds with body
eight  >8kgisshown in Fig,4,
~ power clenaty represents the
,ggest  obstacle to further size
@uctiorL  The mean consumption i
wut 4t3mW although the battery
msstbe able to supply 0.5A current
&es with 5V0 flatness for 36Cnns.
Then state of the art primary
s$teries  are used as the power sour{

/
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e present minimum volume is aboI
)Omlwithamas*of  about ‘.
K@arns,  Shoft  term advancea  are
,ote Ekely to be made bycsreful -’
@ml of active peri”~  to ndnimis

‘. :-
t $.. .
C&@’

~;< : W= ~~ptiou.ad  by.- ,.:<;+  ..
,--- OtdtO&  physiological data ‘- :
i. tiughthesystem  andthanby  .“
~.,- -tial reductions in size

Perhaps the ultimate challenge
;- (urdess someone knows better) is the
~-:..  Fish PIT merldy being designed

(see Fig. 6). This is intended to relesc
~= itsdfand’’popup’’  aftera
:$’ ‘determm. “ ed time (see Ref..7).l ~..+. . . --:.. ,s - . . . . .
., .,.. ~ : -.: ,;. =.

!::-.. ., ,
~~;..:

John Fcmch  ““ “. ‘
Wdw?sii  of Aberdeen ,@ , .;; aud Mariner Radar Ltd.

pg..$’{ n ~ , ., ,.,. .“,<.:;,: ,,$2;.’
-.: . ..*.-

remote sensing. Fisheries research,
N“ 22, VOV. 1983.

■ 5. Oyharcabal, M.; Studies into
location accuracy, Proc Argos users
Conf. London Sept 1983.

■ 6. Fedak, M.A.; Anderson, S.A.;
Curry, M.G. ; NERC Sea Mammal
Research Unit, c/o British Antarctic
Survey, High Cross, Madingley  Road,
Carnbndg%  Attachment of radio tags
to the fur of seals. Mammal Society
Notes No 46.

■ 7. NOAA Report on Dynamics of
‘fbna movement (1985).
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V -w~eI  ~% doh~ ~~nded  to o~e ww-i~vi~g  me ~.: .. ..:. -.. ---------- ‘: and elephant seal, .,, FITis seLto tmnsmit  8 hours out of
species that diveto.several hundred’ : every 24.: ~ ‘ ::: ‘“’. ‘“: ‘-z;;:. “ -’==
meters, E.ocation is possible whenever The unit is f~y watertight and is --:’
theatdmalis  atthesurface msaranteed down to 6000m. FOUr -.

,-.,.,: .. ---- . . . . . ,’.. . .

The FTT  is packaged in a hyperbaric mounting holes at the corners of the
ffoat comprising two lo-iich-diam
hemispheres ftiy mated along the

shielding help secure the FTT to the
ardmal, the user deciding how best to

great circle of intersecrio~  and is fit the FfT (e.g. how to strap it on)
protected by art orang=lored  heat- according to theme of animal.,,

R Fromantin  CEIS E.space ■
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17- NOUVELLES  TECHNIQUESi W

QIJELQUES CHIFFRES
SUR INSTALLATION
DE LA DISTRIBUTION

Decwis la mise en service de la ‘
no~velle  distribution nous suivons de
prds Mvolution deson utilisation. Ainsi
pendant le deuxi~me  semestre 85
nous avons enregistr~ plus de 20 rnille

em

‘1

..-. , . . . . . . .. .
1w I

mmm-lw,  ws, sa  !mWmaa

Nombre total d’heures d’utilisation par mQis.
Tbtrd elapsed time per month

sessions utilisateur  avec une moyenne
jottrnali~re  d’environ  125.
Pour le premier trimestre  86 nous
sommes  d+j~ ~ plus de 15 mine sessions
avec une moyenne journalitre
d’environ  175 et un total de plus de
740 heures d’utilisation.
Lc nornbre  de sessions par jour
(en moyenne)  varie entre 100 et 250.

e jour Ie plus charg$ de la semaine
$t Ie mardi avec plus de 320 sessions,
!uant aux heures, Ie nombre varie
m moyenne) entre 3 et 15 sessions.
es heures Ies plus chargees sent
~ 8 heures TU pour le matin et
2 ~ 15 heures TU pour I’apres-midi.
i l’on compare ces chiffres avec Ies
~tistiques &ablies pour 81 et 83, il

Jusqu’h la mise en service de 1a
nouvelle distribution 80070 des
interrogations etaient sur le fichier
AJOUR  par la commande COM.
Depuis on constate que le COM n’est
utilis~ que pour 45070 des interrogations
alors que Ie PRV repr4sente 55 Oi’o
maintenant.
En cons~quencq  i] nous semble que
la mise en place de cent heures de
fichiers TX pour tout Ie monde et Ia
lecture non destructive de ces fichiers  est
d’une  grande utiIit6 aux utilisateurs.
Pour conch.rre sur ce sujet, il nous
semble opportun d’annoncer  que les
nouveaux  centres de traitement
auront une banque de donnies en
ligne d’une  capacit6 de 15 jours
(fichier DS) pour tous Ies utilisateurs
en service STANDARD. Bien stir, Ies

‘y a pas beaucoup  de changement fichiers AJOUR  et TX existeront
wtcernant les jours et heures Ies plus 4galement.
barges. Par contr~ il y a un grand
hangement concernant Ies Thomas A. Babks
Dmmandes utilis6es. Service Argos m

CONSTRUCTEURS D’EMETTEURS
CERTIFIitS
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ON THE NEW ‘-:: :’ ‘;
DISTRIBUTION SYSTl@l “~;””-.

N you can imagiw we have
csrefully  monitored use of the new
distribution system since it was
installed last year. During the second
half of 1985, we recorded over ,
20,000 user sessions (or dialogs), with
a mean daily total of around 125.
% the fti quarter of 1986, we have
sdready logged over 15,000 sessions,
with a mean daily total of around 175
and overall logged-on time of 740hours.
The number of daily sessions is
usually between 100 and 250. The

busiest day of the week is Tbesday,
with more than 320 sessions. The
number of sessions per hour varies
from 3 to 15. The busiest periods in
the morning Me 7.00 to 8.00 UTC
and in the afternoon 12.00 to
15.00 UTC. These “time” figures are
similar to those recorded in 1981 and
1983, but there have been great
change$  in the commands used.

Under the old systeu 80’370 of
interrogations concerned the AJOU1

0 1 2 3 4 5 s 7 8

Nombre moyen de sessions par jour de la semaine
Mean amount of sessions by week dav

:iintaining  100 hours of TX fdes
;. .

r all users, together with
m-destructive  fide readouL
erefore seems to be universally
>preciated.

ler TRIMESTRE 1986

11 11 ;

5 ~: ~

/4

0 5 10 15 20 25
Nombre  moyen  de session par heure
Mean amount of sessions by hour

HI close hereby announcing that
e new processing centers will
]erate on-line data banks with a
‘-day capacity (IX fiie5J  for all -
ograms under Standard service
~eAJO~=d~~d~@,’.>.+  ;:’ ‘,” .“,: ”:.: -

bcoursq c o n t i n u e  t o  exisb - .-:’ ,“ “.; “: ,’

-..-,.-*. ,
‘:.’ .,. .

Thomas A BaMts
Argo3 Servics ■ :
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The Argos  system offers
capabihtles  for the satelhte-based
location of fixed and movmg
platforms, and the collection of
enwronmental  data.
Argos  IS the result of a cooperate
project between the Centre National
d’Etudes Spatlaies  (CNES,  France),
the National  Aeronautics and Space
Admmstratlon  (NASA, USA) and
the National Oceamc and
Atmospheric Adm!mstratlon  (NOAA
USA)

The oble;tive  is to offer a
continuous serwce throughout the
Tlros-N/NOAA  (meteorological
satelhtes) program, i.e. through
1990 approximately.
The technical and admmistratwe
center of the Argos system IS

Service Argos, part  of CNES,
Toulouse. All new system
apPllcatlOnS must, however, be
aPProved by CNES.  NOAA and
NASA, the three agencies that
manage the program,

The Argos system comprises
Q platforms, in the form of buoys,
boats, balloons, fixed stations and
so on, equipped with electromc
dewces called platform transmitter
termmals (or PTTs) for
enwronmental data collection and
uplmking to the space segment:
● space segment;
● ground telemetry acqumtton and
processing stations, the processing
center being at Serwce Argos,
Toulouse:
● the results dlstnbuhon system.

This new edlt!on of the Argos
Users Guide alms to provide
potentlai  system users with
Important techmcal and
admmlstratwe mformatlon.
Use it to
● study the feaslbdity of envwoned
aPfIllcatton m the light of slmdar
programs already undertaken and
the general nature of the system;
● Identify the most appropriate
hardware, for both the transm!sslon
of data and acqu!sltlon of results:
● eshmale the cost of a project
as far as use of the Argos system
is concerned: (the cost of
transm!sslon and recewing
equipment depends on the suppher
and ultimately therefore on the
user’s choice):

● fachtate  admirwstrative procedures
when formally requesting approval
for a program.
However, this Guide does not
propose to grve detailed technical
spectications  of data transmission
and reception herdware, nor of
the space segment, nor of the
data processing software. Such
mformatlon  IS to be found m
documents referenced in the Guide,
and which may be obtained by
aPPlylng directly to Serwce Argos.
The user WILL find m this Guide
● a concise overwew  of certified
PTTs that can be recewed and
located by the Argos  system
(chapter 3):
● a brief description of the space
segment, the accent being on

system performance and Its
Implications for users (chapter 4);
● a discussion of the Argos ground
segment, and, in parhcular, of how
operations at the dp center can
be adapted to user requirements
(chapter 5);
● a description of how results can
be accessed, together w!th
information on the related hardware
(chapter 6);
● an outhne of the admmlstratwe
and contractual procedures
necessary for obtaining formal
prolect approval (chapter 7),
● a list of abbrev!atlons, an index,
and various documents needed
when applying to jom the system
(Annex)
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Argos PTTs have already been sea, land and air, as well as for
designed and developed for a biological research (animal tracking,
wide range of environmental etc).
studies, that is, for studies of the

,1

3.1 MARINE PTTs s

I

These can be divided into two
types:
c moving PTTs, for example those
mounted on drifting buoys, ships,
polar buoys;
● fixed PTTs, for example those
mounted on moored buoys,
Oceanographic observations are
of interest not only in
oceanography, but also in
meteorology, climatology, glaciology
and marine biology, as well as in
industries such as offshore oil,
fishing and merchant shipping.

PARAMETERS
Oceanographic parameters
observed via the Argos system
are of two main types, the purely
oceanographic, and those relating
to the atmosphere.
Each category may then be
subdivided by application, for
example meteorology (temperature,
pressure), ocean dynamics (waves,
wind), chemistry (salinity, pollution)
and biology.
The first sensors to be used
intensively with Argos PTTs were
types measuring water surface
temperature and atmospheric
pressure.
Considerable experience was
acquired in marine research during
the First Global GARP Experiment
(FGGE),  during which 300 sensor-
equipped buoys were deployed.
Precise pressure measurements
are ,Still difficult to achieve however,
oarticularlv oiven the oroblems in
bnsuring r’el~bility throughout buoy
lifetime,
Measuring near-surface water
temperature using Argos buoys is
now common practice. The true
accuracy of such measurements
is still hard to estimate though,
since temperature sensors have
different time constants and are
placed at different sea depths,
Si9~ifiCant research haa been
carried out to develop deepwater
temperature measurement sensors.
The most difficult problem
remaining is that of designing a
suitable connection between tha
buoy and the sensor itself. A
number of manufacturers have

worked on the problem and have
Droduced sensor chains of UD to
i 50 m that have operated ai sea
for up to several months.
Other physical parameters such
as air temperature, air-water
temperature differences and
ambient acoustic Ievela have been
investigated experimentally using
Araos PTTs.
Studies into wave phenomena
(amplitude, direction, energy
spectrum, etc) have also been
performed using Argos PTTs. Buoys
dedicated to wave studies and
equipped as Argos PTTs are now
available in two versions, moored
or drifting.
Measurement of wind speed and
direction has also been studied,
The main problem here ia to design
an anemometer reliable and sturdy
enough to withstand the marine
environment. A second problem is
how to interpret measurements
that, inevitably, are often made
below the level of wave crests,
Surface current speed and direction
data are obtained by tracking
drifting buoys.

DRIFTING BUOYS
Drifting buoys normally have similar .
basic characteristics. They comprise
a cylindrical tube (the spar), a
biconicai float protected by an
elastic belt, and an antenna
protection cone at the top. The
batteries, PTT electronics, sensors,
etc are housed in the metal or
plastic spar (see figure 3.1 .A).
Currently available buoys of this
type have proven reliable in all
marine conditions, In addition, an
operating life of a year or more is
now common, thanks to careful
design, manufacture and handling.
Of the 368 buoys deployed during
the FGGE, 263 operated for more
than six months, 177 for more than
one vear, and 56 for more than
18 m“onths.
For the most part, the chief interest
for oceanographers resides in buoys
tracking.
in the wake of these first results,
new types of drifting buoy have
since been developed,
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mcorporatmg,  for example, a
greater number of sensors. This
means that certain buoys can
transm!t not only pressure and
temperature data, but also other
data such as wmd speed and
dwect!on Others again have been
f}tted with rigid SSIIS that help
ogtlmize ther  speed m followma
$Inds
Buoys equtpped with canvas
wmdow-blmd drogues (see figure
31 B) are particularly suitable for
studying surface currents, espactally
m areas where ship-based
observation N impracticable.
Although dnftmg buoys are
generally set adrift by research
vessels, merchant ships and even
container carriers are also used
to this end. Finally, buoys are
sometimes released from awcraft
by parachute with no noticeable
reduction m performance.

FIG 3 ! E DRIFTING
BUOY W:TH  WIOGUE

SHIPS
Some 7000 ships parhcipatmg m
the World Weather Watch currently
transmit meteorological and
oceanographic data. The present
system has two weak points
however :

● measurements must be made
and transmitted manually, which
means that no data are recorded
when the operator is not at his
post;
● data transmission IS mainly
earned out by sending HF radio
sgnals  to coastal stations, leading
to unrehable and offen saturated
Imks at synoptic measurement
times.
The Argos system is considerably
more efficient and versatile. Three
broad types of equipment can be
used.
s Automatic stations. Compact,
self-powered, water-tight and s!mple
to set up, these stations house
meteorological sensors, PTT
electromcs,  antenna and I!thlum
batteries or solar cells m a single
urmt. Such systems overcome both
the problems mentioned above,
but the number of observable
parameters IS strictly limited.
● Manual systems. (See figure
31 C). These have been developed
so that a greater number of
parameters can be transmitted
The data ere entered manually wa
a keYPad,  and some of the usual
procedures are slightly modified.
Data transmission rehabhty E thus
considerably Improved. Hardware
normally takes the form of an
external antenna hnked to a single
package. The latter, located msde
the ship, contains the keypad and
PTT electronics.
● Semi-automatic systems. These
hybrid systems permit automatic
data acqumtion  from internal
sensors, and the entry of more
complete data vle a manual
keypad, Thus, complete messages
can be transmitted during operator
working hours, end messages of
a more restricted nature during
the rest of the hme.
Greater use of Argos PTTs on
board ships is presently being
recommended by the World
Meteorological Organization. It
should be stressed that this system
can be used not only for the
transmission of meteorological-
oceanographlc  observations. but
also for that of date useful to
shore-based shlppmg fleet
managers (sh!p-owners, charterers,
etc).

ICE 6UOYS
The use of Argos PTTs on Ice in
polar regions is becommg
increasingly common. The aim is
to track Ice movement and thereby
study the risks of colllsion with oil
drilling rigs and shipping.

FIG 31 D ICE BUOY

These buoys can be deployed by
a variety of means, mcludmg
hehcopter. light aircraft and
parachute They are designed 10
withstand temperatures as low as
-50° C. Powered by Ilthwm
betteries, the PTTs have a hfe of
more than two years.
Ice buoys are sometimes equipped
with satellite navigation recewers
that compute Iceberg positions
extremely accurately. The Argos
PTT is used simply to transmit the
position, but E also useful es back.
up m the event of mam system
failure.

MOORED BUOYS
The need for enwronmentai data
In speclflc  Iocatlons over long
periods of time has led to buoys
being moored m the open seas
(see figure 3.1 C).
The method used with conventional
moored buoys E, to record data
for subsequent manual retrieval.
Unfortunately, this frequently
revolves loss of data due to
recording errors or the Imposslblhty
of Iocatmg and recovering the
buoy. These buoys are also heawer
than ihe  drlftmg venety, since they

185

4



-— s

1

I

(ANTENNA-AD’

/’”m \KEYPAD.ENTRY  PTT

T
\

//

//
\

P

/

/

\

\

\
,/ v ‘%

FIG. 3.1 .C : KEYPAD.ENTRY  TERMINAL PTT ON BOARD SHIP

. +

ANTENNA

-

?Q=-

—. —— ——.~ - 1 .  .
— = _-w=.

5



187

3.2 LAND PTTs

Land. based observation stations
usng  Argos PTTs have been
developed for many different
apphcatlons
A typical mstallatlon comprises
● standard PTT electromcs;
● sensor Interface electronics,
● various sensors;
● antenna,
● dc power supply (rechargeable
or disposable batteries) and
possibly a panel of solar cells for
battery recharging,
● a structure Supporting both
Instruments and the PTT
However, each new use of the
system calls for the development
of a new type of stahon
In add!tlon to conventional
meteorological stahons measurmg
pressure, temperature, and wmd
speed and dlrectlon, several new
specialized stations have been
developed m areas mcludmg
● snow data,
● hydrology,
● v o l c a n o l o g y .  s e i s m o l o g y .  e t c .

METEOROLOGICAL STATIONS
Following a comparafwe study mto
the use of geostahonary and polar-
orbltmg satelhtes for the collection
of meteorological data, the World
Meteorological Orgamzatlon
concludes that both were vahd
The fact remains, however, that
al very high Iaotudes (North and
South polar circles) data collect!an
b y  geostatlonary satelhte E
Impossible :n areas such as
A:aska Greenland, the Archc and

Antarctic, Argos IS the only feasible
system
Sensors used w!th Argos-equipped
meteorological stations normally
need to meet fairly Strlflgeflt
speclflcatlons  Parameters
transmitted tend to be the same
as those m convenhonal land-based
meteorological stations, that Is,
atmospheric pressure, temperature
and dew point, wmd speed and
d)rechon, and so on

SNOW DATA STATIONS
Avalanche prediction and the
measurement of the rainfall
equwalent of snow-cover water
levels for reservoir management
are performed thanka to networks
of automahc measurement stations
designed specifically to meet the
rigors of remote high.mountam
Iocatlons.
The Argos system permits the
transmission of data recorded m
Iocatlons too Isolated ta be
integrated into telephone networks
and too. hemmed m for satisfactory
surface VHF hnks
The main measurements made at
these stations are
● depth of snow cover, measured
by an ultrasomc sensor, by which
the preclpltahon equwalent and
progresswe packing of the snow
cover can be est!mated:
● wnd speed, measured by an
anemometer .
● alr temperature, measured under
a  sheitar

● the vertical temperature profile
of the snow cover.
StatIons often house a
microprocessor which manages
stahon operation and can, for
example, compute average values
(data compression).
The PTT IS haused m a watertight
case burled under the snow —
a good thermal insulator

HYDROLOGICAL STATIONS
Rwer basin management can be
madermzed by equlppmg
hydraloglcal statlans with Argos
PTTs
These stations are normally
equipped with hmnographs and
rain gauges, but other parameters
such as temperature can also be
measured
Argos PTTs for this type of
application  are powered by either
batteries or solar cell panels.
Since the number of dally satelhte
passes E msuffic!ent ta enable
river level var!atlons to be
monitored, hydrological stations
are often equipped with electromc
memories,
Hydrological stahons transmit
messages of 256 bits each, which
can be broken up mto sixteen
16-bit words, for example
● 14 words representing water
depths measured at regular
Intervals:
● one word representing total
rainfall:
● one word representing the t!me
of the last measurement

3.3 BALLOONS

:omplax onyslco-cnemlcal
phenomena In the various layers
of the atmosphere can only be
msas~red  and studied “In Situ”
Very long fhght time balloons
capable of staying aloft for several
weeks or even months and carrying
instruments we!ghmg around 50 kg
open up !he possbhty  of data
collection cm a global scale
Balloon tracking !s performed by
the Argos system which also
recewes physical parameters

6

measured by the balloomborne
Instruments
A particularly dtflcult  problem E
that of the great differences m
temperature that occur wlthm the
same day at these altdudes. One
possble  solutlan E to stabihze the
balloan s volume by pressunzatton
so that Its envelope becomes
stanle.

The stratosphere IS the layer of
atmosphere between 15 and 40
kdometers
Stratospheric balloons are kept
aloft by their hehum ar hydrogen
fdlmg gas, or by air heated by
terrestrial radlatlan, Because of
their considerable volume, they
are usually not only fragie,  but
also difflcuit  to manufacture, to
transport and to launch.



The Argos PTT must be thermally
insulatad so that it can resist the
temperatures of -30 to -80° C
that prevail in the stratosphere.

TROPOSPHERIC BALLOONS
Tropospheric balloons have been
developed for use in studies of
the middle and lower reaches of
the atmosphere. Designed to fly

at altitudes where air density is
constant, their lifetime is inevitably
limited by atmospheric and
geographical conditions
These superpressure balloons float
at a constant altitude (assuming
constant atmospheflc  pressure)
day and night.
Tropospheric balloons are fitted
with sensors that measure

temperature, atmospheric pressure,
humidity and balloon internal
pressure.

MANNED BALLOONS
The Argos system has been used
experimentally for the tracking of
longduration  manned balloon
flights, for example the flight Tokyo-
San Francisco in Double Eagle V.

3.4 ANIMAL TRACKING

Efforts to study and protect certain
animal species call for information
as to their distribution and
migration. A number of satellita-
based programs have been
undertaken to track dolphins,
basking sharks, leather-back turtles,
whales, birds and wild pigs.
Perfecting the use of Argos in
animal tracking is an on-going
activity.

Typical technical problems posed
by this type of work are tha
following :
● short duration of satellite visibility
unsatisfactory rxooacration
characteristi;a~  -

● difficulties in developing PTTs
that can withstand the high
rxessurea and mechanical forces
encountered in tracking marine

● relatively short battery Iifatimes
(though this can be increased
when tracking marine species by
fitting a switch that turns the PTT
oft when the subject is diving, and
by using solar cells when tracking
land animals);
e the weight of the PTT which
must be negligible in relation to
the animal’s own weight.

3s5 CERTIFIED PTTs

User platforms must be equipped
with a PTT tvDe certified by
Service Argos
PTT message structure and RF
characteristics are described in
64.3.  Two basic Parameters to be
~or~e in mind he;e are that the
mean location accuracy of the

.Argos system is around 500 m,
and that messages to be
transmitted have a maximum length
of 256 bits per transmission.
A list of manufacturers of Service
Argos-certlfled  PTTs appears in
an Annex to this guide.

There are two basic categories of
PTT ;

-.

e location typas, equippad with
good quality oscillators, used for
both location and data collection;
● data-collection-only types,
equipped with lower quality
oscillators.

—
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The s~ace segment of the Argos the Argos Data Collection and Each time a satelhte passes over
system comprises two NOAA Location System (DCLS) wfvch one of the three telemetry ground
satellites m simultaneous low. recewes and processes all stations forming part of the Argos
altlfucte orb!t transmissions from the PTTs m
These salelhtes are equipped with

ground segment, all recorded data
wslb!hty ctunng a pass are downhnked

4.1 NOAA/TIROS-N  SATELLITES

~re satelllfes carryng  the Argos
DCLS are the NOAA (National
Ocean,c and Atmospheric
Admmstrat!on)  oolar.orbltmg
spacecraft of the Tlros-N series
tke first of wh!ch was launched
on October 13. 1978
Funded ov NOAA. Tlros.N satellites
are procu~ed and faunched by
NASA (Nai!onal Aeronautics and
Space Admm@tratfon) OPeratlOns
are managed by NOAA s Nat!onal
Environmental Satelhte and Data
Informatjoc Serwce (NESDIS)
The or!gmal Tros-N was an R&D
prototype Thera then followed a
series of satelhtes, each designated
first iyy a iet!er and then by a
numoer after successful launch
NCAA.A !r’ws became NOAA%
whlie NOAA.C became NOAA.?

The present ATN series (Advanced
Tlros.N)  IS an extenson of the
ongmal  Tlros-N program. The ftrst
ATN satellite to be launched was
NOAA.E, successfully put into orbit
on March 8. t983, and
subsequently named NOAA-8
T!ros.NiNOAA satellites, as shown
m figure 4 1 A, comprise three
elements
The Equipment Support Moduia
(ESM) is a five-sided box-like
structure The widest s!de carries
earth-pomtmg antennas and
sensors. including the DCLS
antenna. The other four, all the
Same slZe, accommodate thermal
louvers
The ReactIon Support Structure
(RSS), at one end of the ESM
module Includes the last stage

mject!on motor, an attitude control
propulsion system and the boom-
mounted solar array The solar cell
panel. t 16 mz m area, IS motor
driven to rotate once per orbit so
that d continuously faces the sun
during the dayhght porttons of the
orbit
The Instrument Mounting Platform
(IMP), at the other end of the ESM
module, IS a h!ghly  stable
mstrumeni  mounting platform
supporting the atbtude  control
sensors and the mam earth
observation instruments. The
Attitude Determmatlon and Control
Subsystem (ADACS) manages
antenna pomtmg and satelhte
attitude, the latter to within 0.2°
of the geographic references.

I.WP  ( INSTRUMENT
MOUNTING PLATFORW

F:G 4 “ A EXF!-CZCED  VIEW  JF SA T E L L I T E

__—
w
—
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4.2 SATELLITE ORBIT

The orbit of a satellite is its
trajectory about the earth,
Characteristics of the orbit selected
for NOAA/Tiroa-N  satellites are as
follows :
● CircuJar  orbit
● Altitude: 830 km t 18 km, and
870 km * 18 km for the two
satellites respectively.
● Polar orbit: the satellites see
both tha North and the South polea
once each orbit. Inclination (angle
between equatorial and orbital
planes) is 98.7°.
● Sun-synchronous orbit: this
means that the orbital plane rotates
about the polar axis at the same
speed as the earth about the sun,
that is, one complete rotation a
year. Each orbit therefore transects
the equatorial plane at fixed local
solar times. From the user’s point
of view, this means that a given
PTT comes into satellite visibility
at the same local solar time every
day.
o Period (the time takan to
complete one orbit): approximately
101 minutes.
o Number of orbits per day:
approximately 14 for each satellite,
This choice of orbit guarantees
complete coverage of the earth
surface. The orbital planes of the
two satellites are mutually offset
by 75°. Orbiting altitudes are also
different so that the period of one
satellite’s orbit is approximately
one minute longer than that of the
other%. This ensures that a given
point on the earth is not seen at

VISIBILITY CIRCLE

FIG. 4.2.B

the same instant by the two
satellites.

LSWATH SIDELAP (FOR TWO
SUCCESSIVE ofle[Ts  ay THE

FIG, 4.2,C: SATELLITE VISIBILITY ZONES

10

Visibility zonea for data
collection
As figure 4.2.A shows, each
satellite simultaneously sees all
PTTs within a 5000-km-diameter
circle for a minimum elevation angle
of 5° (where the elevation angle
is defined as the angle batween
the horizon and the satellite-PTT
line of sight).
As the satellite orbits, tha visibility
zone, centered on the satellite
ground track, it sweeps a swath
5000 km in width encompassing
the aarth and passing over the
North and South poles. (See figura
4.2. B).

As a result of the earth’s rotation,
two successive swaths (that is,
from one orbit to the next) are
separated by 25° of longitude, the
second ground track be~ng to the
West of the first, At the equator,
this represents some 2800 km.
There is therefore an element of
sidelap between two successive
swaths. (See figure 4.2. C).

Since satellite orbits are al an
angle of 8° to the polar axis, the
ground tracks of two successive
passes cross each other at a
latitude of approximately 82°.
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Pass frequency and duration The most significant pass but in the event of a PTT being
of visibility characteristics are gwen below. The seen simultaneously (high Iatttudes),
Sidelap  increases with Iattude. figures relate to both satellites, only one pass is taken into account
The number of dally passes over
a gwen PTT also depends on
Iatltude. At the poles, the satelhtes

PTT LATITUDE CUMULATIVE MINIMUM NUMBER MEAN NUMBER MAX&tU~A&#BER
VISIBIUTY

see all PTTs each at every pass,
OF PASSES

OVER 24 HOURS
OF PASSES

PER 24 HOURS PER 24 HOURS PER 24 HOURS
thai is, 28 times a day in total. mm.tes
Pass durat!on, however, E
independent of site latitude. The o“ 80 6 8
normal cut-off point for esbmatmg ? 15° 88 8 i 9
pass duration M an elevation of ~. 3(3. 100 a 9 12

5° above the horizon. The mean = 45” 128 10 11 12

duration for pass is about z 55” 170 16
= 65” 246 21 1! ;:

10 mmutes, wh!le that of zenith ? 750 322 28 28
oass IS 13 minutes * 90”

28
364 26 28 26

4.3 ONBOARD EQUIPMENT

UPLINK
Any platform used m coryunction
with the Argos system must be
equipped  with a certified PTT for
uphnklng messages to the satellite

Frequency
The nommal frequency of all PTTs
IS 401.650 MHz Recewe frequency
IS measured by the onboard
package and the Doppler shit
determmed.

Message format
Message format and structure are
described m the table below. The
message consists of the following
sequence :
● 160 mdhseconda of unmodulated
carrier, to allow the Argos onboard
recewer to lock onto the carrier:
● a 15.bit preamble to synchromze
the Argos onboard equipment with
the message blt rate;
Q an 8.bN format synchromzahon
word, followed by one spare bit

and 4 btts defining sensor data
length (the number of 32.blt
blocks);
● the PTT Identification (or ID)
number, assigned by Serwce Argos
and encoded by 14 bits;
● 6 error check b!ts;
c 32 to 256 bits of sensor data,
m steps of 32: !f sensor data
processing IS to be performed by
Serwce Argos, encoding and formal
must comply wth certain rules laid
down m $53

I UNMODULATE17
CARRIE? rviODU~TED CARRIER LENGTH T2

LENGTH  T1

P3E,M,46LE FORMAT INITIALIZATION NuMBER CF D N“ I
SYNC

SENSOR
32-BIT  GROUPS {- Check blls) ~ DATA

T1=15c  ~S ? 5 bits
=25ms

8 bits : b,t ~ bits
(=1) (00010111) (=1)

20 bits I };3~ yts,

I I

PTT MESSAGE STRUCTURE AND FORMAT

11
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Modulation
The modulation used for data
transmission is split-phase/Pfvf. The
unmodulated carrier corresponds
to the phase reference.
Figure 4.3A gives the eight format
synchronization bits (000101 11).

ARGOS  DCLS
The DCLS receives the messagas
transmittal by PTTs within view
of the satellite. Since this is a
random access system (that is,
encoded PTT messages are
received on a random basis), the
received signal is a mixture of all
the messages transmitted by the
PTTs within the visibility zone. The
DCLS attempts to accommodate
a maximum number of messages,
but the number of processing
channels available is limited.
Message separation in time is
achieved through asynchronization
of transmission and ttw use of
different repetition periods, and
separation in frequency through
the Doppler shifts of the various
PTT carrier frequencies.
The DCLS comprises:

TS  = BIT PERIOD a

1

‘u

I

FIG. 4.3.A : SIGNAL MODULATION @

● power supplies j telemetry encoder; a buffer
0 processing equipment: four memory;
identical units in parallel, each c the receiver section, comprising
processing one message at a time a receiver proper and a search
(provided these are separated in unit, each being duplicated to
frequency); a control unit; a ensure adequate redundancy.
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Each processing umt comprises :
● a phase lock loop for rapid
frequency and phase
Synchronization on the unmodulated
section of the message;
● a bit synchromzer  which
generates a clock signal at the
aPPrOPrlate blt rate and also
performs signal restitution;
● a Doppler counter for
determination of recewe frequency;
● an encoder-formatter which
generates telemetry messages m
dlg!tal form PTT ID number, sensor
data, measured frequency and
time and date of measurement.
The processed message IS
transferred to the satelhte telemetry
encoder. known as the TIP (Tires
Information Processor)
A buffer memory IS used to
mamtam a constant telemetry
transmission data rate of 720 bps.
The Argos data flow E m!xed with
flows from other Iowdata-rate
experiments on board the satehte
m the TIP processor, which
transmits at a combined rate of
8320 bps, 720 bps being reserved
for Argoa data

SYSTEM CAPACITY
The capacity of a satell!te-based
data collection system !s usually
defined as the mextmum allowable
number of data collecuon platforms
(DCPS) that can transmit data
through the system.
For a data collection system (OCS)
on board a geostahonary
enwronmental satellite Such as
GOES or Meteosat. the capacity
IS easy to assess because :
● all DCPS are permanently m wew
of the Satelllte;
● each self. t.med .DCP transmits
at a regular assgned  time:
● each self.timed DCP IS allocated
a constant time slot for

transmlsslon:

● each DCP IS assigned a
transmmlon  frequency chosen
from a fixed number of channels
Transmlsson time and frequency
are assgned  m order to prevent
interference, and hence to ensure
that each message IS relayed The
mexmum  number of allowable
DCPS can then be calculated
simply by multiplying the number
of frequency channels by the
number of hme slots.
The Argos data collection and
location system differs from a
geostahonary DCS m that
● at any gwen instant, only 3 4“4
Of the earth’s surface E v!ewed
by the satelhte, therefore only a
hm!ted number of PTTs can be
received by the DCLS;
o PTT transmission repetition
periods are randomly distributed
between 40 and 200 s;
s message duration is also
randomly distributed, but between
0.36 and 0.92 s:
c transmission frequency IS the
same for all PTTs, but recewe
frequencies are randomly distributed
because of the ddference  m
Doppler shifts associated wdh  a
random distribution of PTTs on
the earth;
The mam consequence of these
differences IS the nsk of non-
acqumtjon  of a PTT message, dua
either to interference from
simultaneous Iransmlsslon producing
the same recewe frequency, or to
nomavailabhty of a DCLS
processing umt since only four
messaaes can be acaulred at a
hme -

The “system use factor- 
IS defined

as the mean rate of arrival of
messages at the recewer From
the user wewpomt, system
performance can be judged on

the basis of two parameters :
● the elementary probabhfy  Of
massage acqumtlon:
● the bd error probabhty  m the
sensor data part of the message
These two parameters relate back
to the system use factor Various
slmulatton tests on the Argos
onboard package have prowded
useful mformatlon as to message
acquisition probabhty.  For an
acqumtion  probability  of O 8, the
oackaae can simultaneously
handle-
. up to tOOO (data-collection.only)
PTTs with a transmission period
of 200 s and message duration of
0.35 S (32 bits), -

c Up to 75 (Iocatlon) PTTs with a
repetlhon per!od of 40 s and
messaae durahon of O 92 s (256
bds), “
Message acqumtlon  probabhty  w,
of course, Improved by repeating
the message several times during
the same pass
For example, for an elementary
probabhty  of message acquisition
of 0,8, the probability of message
receptjon becomes O 9920 for a
message repeated three hmes and
O 9999 for a message repeated
six times.
As to blt error probabhty.  tnaks
have confrmed  the expected value
104, that IS, one erroneous blt m
10,000 This percentage can be
further reduced by ground
processing operations when several
Identical messages are transmitted
and recewed during the same
pess This IS because the
processing software automatically
compares all messages recewed
(see 6 53)
io s~mmarize, d IS c l e a r l y  m t h e
user s interest to deploy PTTs that
repeat messages several times

13
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4.4 DOWNLINK

As figure 4.4.A shows, the Argos ● real time : the TIP output is
DCLS data are multiplexed in the multiplexed on board the satellite
TIP processor and then transmitted with High Resolution Picture
to ground via threa downlinks : Transmission data and transmitted
s real fima : the TIP output (8320 continuously;
bps) directly modulates an onboard
VHF direct readout transmitter

e offline : the TIP output is also
recorded by one of the onboard

wh!ch  transmits continuously on
S-band;

tape ~ecorders, and each time the
satellite passes over one of the
telemetry ground stations, the data
on tape are read out and
transmitted to ground via the
S-band telemetry playback
downlink.
Characteristics of the three links
are summarized below:

SUMMARY OF DATA TRANSMISSION LINK

CARRIER SIGNAL DATA
LINK FREQUENCY RATE MODULATION TRANSMISSION

(MHz] SOURCE (kbps) POWER [W)

VHF 136.77 TIP 8.320 Split. 1.0
Real-time or 13777 phase/PM

S.band 1698 HRPT 665.4 sptit- 5.25
Real-1 ime or 1707 phase/PM

S-band 1698 Data 2661.6 NRZIPM 5.25
playback or 1702.5 recorders

or 1707

14 9
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5.1 TELEMETRY ACQUISITION

TELEMETRY GROUND STATIONS
(see figure 5,1 A) NOAA SATELLITE

The National Environmental Satellite
and Data Information Service

m,

(NESDIS,  U S A )  c u r r e n t l y  o p e r a t e s
two Command and Data Acquisition
(CDA) stations, one on Wallops
Island (Virginia, USA) and one at
Gilmore Creek (Alaska. USA). A
cooperative ag~eement between
NESDIS and the “Cantre de
Meteorologic Spatiale” (CMS,
France) provides for the reception
of TIP data at Lannion (France).
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.t ii
GOES SATELLITE
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FIG. 5 1.A  TELEMETRY TRANSMISSION
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The CDA and Lannion stations
relay the data recewed to the
NESDIS data processing fac!lity m
Swtland (Maryland, USA) wa
geostationary satellites (commercial
satelhtes for the CDA stations and
GOES for the Lanmon CMS station).
Thanks to these three stations,
the satelhtes do not lose contact
with the ground for more than one
orbital period per day.
In Sultland, Argos data are
separated from the data of other
exPerlmefltS and transmitted to
the Serwce Argos dp center m
Toulouse wa a Dermanent  hnk.

ARC OF 0%-  FWM  WHIC H

SAT  EL.  ITE  SEES PTT ANO
S-AWN

FIGjla

DIRECT READOUT STATIONS
Also known as “local user terminals”
(LUTS), these are recaiving stations
set up by users for real-hme access
to data continuously retransmitted
by the satelhte. VHF direct readout
stations recewe Argos data
transmlttad by the onboard VHF
telemet~  transmitter, whale S-band
direct readout stations recewe
them multiplexed w}th HRPT data.
A direct readout station can receive
satellite transmissions when the
ground track is within 2500 km of
the station.
The station rece!ves PTT
transmissions when both It and
the PTT are wlthm satellite visibility.
For this, the PTT vsibihty  circle
(radius 2500 km) and that of the
d!rect readout stat!on must overlap.

(See figure 5.1 .B). This ovarlap is
labeled S in the figure.
Station efficiency can be assessed
by considering the ratio ‘e’ of the
number of messages received by
the station to the number recewed
by the satellite.
This ratio is simply equal to SiSl,
where S1 IS the area of the PTT
vwbihty  crcle  and S the overlap
of the two circles (See figure
5.1.B)
As figure 5. 1.D shows, the ratio
depends on the distance between
the recewmg  station and the PTT

EFFICIENCY FACTOFI

e

1t - \ .

~5~-”’-
. . .

. .

‘o~’:;;:.. ,Om. Km

2,7 . $TAT,ON cls TAN:E

FIG 51 D EFFICIENCY FACTOR
OF A DIRECT READOUT STATION

5.2 THE ARGOS DP CENTER

Operating 24 hours a day, 365
days a year, the Argos dp center
alms at maximum avatlabllity and
mlnlmum data loss
Argos data are received and
recorded on a Telemecanlque
T 1600 acqulsmon computer,
connected by a high-speed (4800 -
baud) hnk to the mam computer,
a ClI-Honeywell Bull Iris 80 bl-
processor Real-time preprocessing
by the Iris 80 Includes the following
operations :

● management of data flows;
● separation of PTT data from
DCLS auxihary data;
● processing of auxhary data under
the control of DCLS technological
parameters;
● sorting of messages by PTT
● sensor data processing:
● location calculations;
● creation and updahng of results
files.
Real.time distribution of results E
performed by a T 1600 which

handles dlssemmatlon and dialogue
with users,
Reconfigurahon of hardware can
be simply and swiftly Implemented,
so interruptions to service are
m!mmlzed.
Naturally, maintenance and
updating operations, tests aimed
at Improving the ‘real-time”
software, and certain breakdowns
can result m some delays in makmg
results available However, all data
are saved, so no loss occurs.
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THE ARGOS DP CENTER

9
IACQUISITION COMPUTER

(T 1600)
I

I
I

BACKUP MAIN COMPUTER
COMPUTER (IRIS 80 BI.PROCESSOR

(T 1600) 512 K WOROS)

1
DISTRIBUTION

COMPUTER
(T 1600)

.8

I I

LJ

TAPES
PRINTOUT

TELEX
TELEPHONE
NETwORKS
TELEMATICS
DEOICATED  LINES
G T S

5,3 SENSOR DATA PROCESSING

The three elements of sensor data
processing are :
e preprocessing;
● standard processing;
* special processing.

m

I
1

Message  Iormar
(number Of blrs

STANOARO  PROCESSING
FOR EACH SENSOR

per sensor)
CALl;:~:~ON

Cho!ce  of
● 4— Type  A

processing — Type a
F~:NREoH

for  each sensor

I
I

Choice of sPECIAL PROCESSING OATA
FOR

special procesmg
lor each PTT

SPECIAL
PROCESSING

I
FIG. 5,3.A

.
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MESSAGE PREPROCESSING
● Data compression
Th,s procedure concerns PTT
sensor data contained m the same
telemetrj flow
bfessages  are processed m
chronological order Thts means
that they are compared on a
message-by +nessage,  blt-by-blt
basis. The last message of an
Identical  series is then saved,
together with  Its hme-coding and
a figure de fimng how many
messages were m the series. This
f!gure  is known as the “compression
Index”’
When a user finds that a PTT
message has been recewed with
a compression index greater than 1,
he can be confident that all data
transmitted are correct
c GMT Time coding
Message processing by the Argos
onboard package revolves the tlma.
coding of message acqulsltlon by
the DCLS clock
Th!s time-codmg consists  jn
replaclng satellke hme.codmg for
each message by the
corresponding GMT t!me Standard

IN TEWCLA

20

time.coding E avadable to the user
w!th a standard resolution of one
second. A more precise serwce
for datacollectiomonly  PTTs E also
available on request The error
then drops to less than 12 ms

STANDARD SENSOR DATA
PROCESSING
Data from d!fferant sensors of a
single PTT are processed
independently. A different
processing option can therefore
be chosen for each sensor, but It

IS not possible to choose muk!pie
options for the same sensor.
There are two types of standard
processing
Type A processing converts PTT
sensor data mto user-defined dlgltal
codes. The table below shows the
various processing posslbll!ties
offered by the Argos  dp center
according to the type of sensor
data encoding.
Type B processing converts primary
recewed data mto user-defined
physical unW., us!ng a sensor-
speclfic  calibrahon curve (See
fjgure 5.3.B)

STANDARD OPTIONS

I OPTION I RECEIVED DATA I PROCESSED DATA I

Al BINARY DECIMAL
A2 BINARY HEXADECIMAL
A3 BINARY OCTAL

I A4 BCD (BINARY DECIMAL
CODED DECIMAL)

I

Such cahbratloncurves  are supplied
to Service Argos by the user.

A ?OINTS  SUPPLIED aY uSER

,

/ , OF PHYS IC A L

/“
/

/’

,.
LOWER  LIMIT

/ , D
1 2 3 4 ALL  BITS  SET  TO  I(WI)  \/’PTT  SENSOROUTPUT

j

Y,;
1/

1;
I

RANGE OF SENSOR
- VALJES I

I t
F I G  5 3 B  sENsOR cALIBflATION  cuRvE
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They should be in tabular form, and
defined by a maximum of 20 points.
Processing itself consists essentially
in linear interpolation between the
tabulated points of the curve.
Output data, to five significant
figures, are made available in the
standard “floating poinV scientific
notation.
Examples:
● messure measurement in

from each sensor can then be
checked against these limits, and
data supplied to users will show
a question mark (?) after any
sensor value outside limits.

SPECIAL PROCESSING

keypad is typically used for the
entry of meteorological data in tha
appropriate WMO code. Sensor
data are in 256-bit BCD (binary
coded decimal) form. Type C5
processing converts these BCD
data into meteorological messages
compatible with the GTS (Global
Telecommunications System).
Type C6 special processing
With this type of processing, the
sensor calibration curve is
represented as a simple polynomial
form. The sensor’s response can
be compensated by the output
from a second sensor, the
compensation function also being
a polynomial function.
Special processing software can
also be developed to meet specific
user neads.

9Special processing programs can
be selacted for specific PTTs and
applications, but certain programs
such as types C5 and C6 are
suitable for a range of applications.
For any given PTT, one and only
one type of special processing
may be selected;
Type C5 special processing
This type of processing arose from
the use of keypad terminals
developed by Service Argos.  The

mihibars :
1011.2 mbar+p=.10112E+4

● temperature in degrees Celsius :
22,322 °C+t= .22322 E+2

Type B processing opens up the”
possibility of permanent sensor
quality control for any PTT. The
user first specifies an upper and
lower limit in physical values for
each sensor. The measurement

5.4 LOCATION CALCULATIONS

For each Doppler measurement,
one location cone is obtained.
Now, the altitude of the PTT forms

THEORY OF OPERATION apex, the satellite velocity vector
as axis of symmetry, and the apex
half-angle (A) such that:Platform location is determined by

calculation of the Dopplar effect
on receive frequencies.
Transmission frequency being fixed
for ail PTTs,  it turns out that the
satellite receive frequency at any
instant can be used to define the
field of possible positions for a
PTT. The field is in the form of a
half-cone, with the satallite at its

part of a sphere, the “alt i tude

s p h e r e ” ,  a n d  is known.  ( See  f igu re

5.4A).  The intersection of the
various location cones with the
altitude sphere thus gives two R
possible positions of the PTT,
which are symmetrical with respect
to the satellite ground track. (See
figure 5,4. B).

8

?.Y

where :
c = speed of light
V = satellite speed relative to PTT
fe = transmission frequency
(401 .650 MHz)
fr = receive frequency.

/
ANO 2 ARE THE POSSle LE’”\

POSITIONS  OF T H E  P T T  O N  T H E  .
ALTITUDE SPHERE 2

FIG. 5.4.E : LDCATION  CALCULATIONS (GEOMETRY)
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To fmd whmh of the two positions
E correct. add!tlonal information
IS required, for example previous
locations, range of possible speeds
etc.
Other mformatton required for
Iocatlon determ!nataon using the
Doppler effect includes setellite
orb, t parameters and precise time
coding of measurements.
Satelhte orbit parameters are

obtained by 11 orbitography  PTTs.
These are at accurately known
geodetic locations. (See figure
5.4. C). Equipped with very stable
oscillators, they y!eld orbital
parameters on a dally basis and
permit extrapolation on to the
next day’s orbd  The system
presently perm!ts determination of
satellite position to w!thin 300 m
m the ground track direction, and
250 m in the crosstrack  dlrectlon.
(See figure 5.4 C).

A “t!me-codina”  PTT featurina  hiah-
precmon time” coding and e;trefie
frequency stebility  (cesium  clock)
IS located m Toulouse. It is used
to monitor the stablltty  of the
onboard ascdlator  and to ahgn  all
measurements with the same hme
scale (GMT) with a mean precmon
af 12 mtcraseconds

b’

FIG

OPERATIONS
Before calculations praper are
performed, certain geometric tests
are earned out to eli,mmate any
PTTs for which an acceptable
accuracy cannot be guaranteed.
In the event of the various
condmons remammg unsat]sfled,

22

\

5 4 C ORBITOGRAPHY  PTTs

location IS not attempted. On
average, 33 % of PTTs recewed
during a satelhte pass are
ehmmated by this test.
When Iocatlon IS eventually
performed, results are subjected
to quahty control.
The mam causes of relectlon after
location calculations are

● excessw’e  frequency deviation :
more than 24 Hz difference
between average transmission
frequencies in two passes for the
same PTT E considered
unacceptable:
● unsatisfactory convergence : m
the great majority of cases, this
results from a “nosy”  PTT oscdlator:
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the rejection threshold for short-
term instability during a pass is PERFORMANCE
4.1 0“5; Number of locations per day
● unacceptable distance from Figure 5.4.E shows the mean
ground track; experience shows number of Iocationa per day as a
that positions determined for PTTa ‘ function of pTT latitude,
that are either too close to or too
far from the ground track are
inaccurate. (See figure 5.4. D),

FIG. 5.4.D:  “LOCATION ZONES”

Service Argos guarantees a
minimum of six Iocationa a day
with the two satellites in service
and three a day with one satellite.
Location accuracy
Sources of error are of two sorts.
1) Errors related to Service Argoa,
that is, inaccuracies as to satellite
orbit and time coding of
measurements.
2) Errors related to PTTs. The
main factors involved are PTT
altitude, oscillator stability, and
platform movement.
Errors associated with PTT altitude
only take on real significance in
the case of balloons.
Oscillator atability is important in
the short, medium and long term.
The short term is defined as up
to 100 milliseconds, and concerns
the duration of message
transmission. Short-term instability
leads to inaccuracy in the
calculation of the Doppler effect
and results in random error in
location calculations. If short-term
stability is worse than 10-6,  the
message is ignored by the satellite
and neither data collection nor
location are performed.
The medium fern?, defined as
20minuteS  relates to the duration
of PTT visibility. Medium-term
instability results in frequency drift
during the satellitepass  and thus
leads to inaccurate location
calculation, The main cause is
temperature variation during the
pass. In general, the necessary
stability can be readily achieved
by placing e standard oscillator in

NUMBER OF LOCATIONS
PER OAY

28

24

20
16
12
8
4D

i- .
10 30 50 70 90

LATITUDE IN DEGREES

FIG. 5.4.E: LOCATIONS PER DAY

a suitably insulated housing (made
of polystyrene, for example).
Service Argos requirements call
for a stability of 2.10-7,
corresponding to location to within
several tens of kilometers. The
table below shows performance
figures  as a function of medium-
term stability.

The /or?g tennis  defined as the
period separating two satellite
passes over a given PTT, or
approximately 100 minutes, Long
term mstabd!ty is compensated for
in location calculations if it does
not exceed 10-6.
The PTT is considered to be
stationary at the moment of
transmission. Therefore, any
movement can result in error, a
speed of 1 m/s leading to a.
location error of the order of 200-
300 m.

I

MEDIUM TERM STABILITY ACCURACY IN METERS

% I in Hz/inn I in 657.  of caaes I in approx.
95~o Of CaSeS

2. 10-g 0.04 150 500
5. 10-9 0.10 500 1300

f 0-s 0.20 1100 2000
2. 10-8 0.40 2100 3600
5. 10-8 1.00 4000 6000

,0-7 2.00 5500 9000
2. 10-7 4,00 approx. 50km

> 2. 10-7 calculation aborts



5.5 RESULTS

FILE CREATION
The Argos  dp center performs
sensor data processing and location
calculations in parallel. When the
two operations for a given telemetry
flow are over, the complele  results
are brought together in elemental
Illes known as “DISPOSE”,
Each file contains the output data
from one PTT, Files are stored on
tape at the rate of one tape a
day, and are added to the Argos
data bank which contains three
months of data.
“DISPOSE” files then undergo three
operations :
● data compaction, to produce
the “TELEX” (TX) file;
. updating, to produce the
“AJOUR”  (AJ) file;
. meteorological encoding, by
which TX and AJ files are adapted
to GTS requirements,
Data compaction means retaining
the most useful or meaningful
sensor data message from each
PTT for each flow,
The choice is made according to
three criteria, which are, in order
of importance :
● the index of message quality
(N(l)  : the messages chosen are
those for which all sensors are
within hmlts;
● the compression index (NF), or
the number of identical messages :
[he message(s) with the highest
index are selected;
● satellite message reception time
and data : to resolve, the most
recent message is chosen,
The resultlng  fde is called the
“TELEX” (TX) file,
Updating is performed to produce
a general file known as II AJOUR I)
containing the last TX file received
for each PTT in the system,

b I d

I ‘%%W”I I ‘i%%” I

I GROUPING
OF ALL RESULTS

FROM ONE “FLOW” I

~–––-

1
I
I
I
I

/
I

---------+’’”
I SELECTION OF MOST

RECENT MESSAGE I

&--------+f’~$—
i

T
METEOROLOGICAL CODING [

F
Transmission———— ———————

over GTS

FIG. 5.5 A : FILE CREATION

FILES Inessage  and corresponding
location Der satellite ~ass for each

The user can access three types P T T ;

of file : ● the “DISPOSE” file, containing,

● the “AJOUR”  file, containing the in chronological order, all location

most recent location and sensor data and all sensor messages for

message for each PTT; each satellite pass and each PTT.

● the ‘rTELEX” file, containing, in
chronological order, one sensor
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6.1 DISTRIBUTION OVER THE GTS

THE GTS
The Global Telecommunications
System is a system for the
exchange of meteorological data
between the Weather Services of
all countries. It originally arose from
the setting up of the World
Weather Watch, a basic program
of the World Meteorological
Organization (WMO). The system’s
prime function is to forward data
towards the various national
meteorological centers,
The GTS is organized on three
levels:
e world level;
* regional level;
● national level,
Three World Meteorological Centers
(WMCS) located in Washington DC,
Moscow and Melbourne are
interconnected via the main trunk
circuit. On this circuit, Regional
Telecommunications Hubs (RTHs)
are responsible for communications
between the main trunk circuit and
national centers.
The Argos center is directly linked
to the Paris RTH (See figure 6.1. A),

*

,

WMO CODES
“ To be transmitted over the GTS,

data must be formatted according
to certain codes published by the
WMO, Each code relates to a
particular area such as land
stations, marine stations (buoys
and boats), hydrological stations,
and so on.

SYNOP  code
This code is used for the
transmission of data from fixed
land-based stations.

SHIP code
This iS used to transmit surface
observation reports from stations
or ships at sea.

HYDRA code
Used for data from hydrological
stations.

DRIBU code
Originally developed for the
Southern Hemisphere Drifting Buoy
System which was, in turn, part
of the First Global GARP
Experiment (FGGE),  this code is
now used internationally in
connection with buoys.

CONDITIONS FOR ACCESS :
The GTS is reserved exclusively
for the transmission of weather
data. The type and format of these
data are subject to general
international agreements and, in
certain cases, also to bilateral
agreements.
The conditions for transmission of
Argos data via the GTS are :
e formal approval of the program
by Service Argos;
o the existence of an appropriate
GTS transmission code;
● existence of appropriate software
for Service Argos to convert data
into this code;
e agreement between the national
Weather Service of the user’s
country and the French national
Weather Service, the DMN
(Direction de la Met60rologie
National),

Transmission of PTT data
When everything is ready from the
technical and administrative
aspects, it is up to the user to
declare his PTT operational and
ask Service Argos to arrange for
transmission via the GTS.
Service Argos then transmits to
the DMN and confirms this to both
the user and the DMN, the only
organization with the right to
actually insert data on the GTS.
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&2 DIRECT ACCESS

The difference between data
distribution via the GTS and other
real-time methods is that in order
to access results, the user must
call.
There are presently three ways of
accessing data files :
a international telex network;
e international telephone network:
o TRANSPAC network,

ACCESS VIA INTERNATIONAL
TELEX
To call up data via a teleprinter,
the user has only to telex the
Argos dp center using standard
procedures,
Data transmission rate is 50 baud.

ACCESS VIA TELEPHONE
In Europe, the user needs a
modem conforming to European
standards. Access is via the
Toulouse call number,
In North America, the user needs
a modem conforming to US
standards. Access is via the
Suitland (US) number.
The numbers concerned are
reserved exclusively for accessing

.—

Argos data. Transmission rate is
300 baud.

ACCESS VIA TRANSPAC
The TRANSPAC network is the
French national packet switching
data network.
Standardization of access
procedures to packet switching
networks means that TRANSPAC
is now connected to similar
networks in other countries via the
International Gateway Center (IGC),
as indicated in figure 6.2.A,

Two lines (a 300-baud and a 1200-
baud) are presently available for
Argos use. User access is via one
of the following methods :
● telex link (50 baud);
● standard telephone link
(300 baud):
● special telephone link
(1200 baud);
. dedicated transmission link (direct
link 10 a data Iransmisston ne~work),
The advantages of Ihe system are
reduced cost, higher output rates
and greater security.

Worfdwide  communication
Users wishing to access their
results via TRANSPAC must
subscribe to their national network,
having checked that the two
networks are connected.
Below is a list of a number of
countries and networks where
access is possible.

Europe:
● Austria (Radio Austria):
● Belgium (DCS);
● Finland (Finpak);
● Germany (Datex-P);
● Great Britain (PSS):
● Greece (Helpac):
● Luxembourg (Luxpac);
● Norway (Norpak);
o Portugal (Datacess);
● Spain (N[D);
● Sweden (Telepak);
● Switzerland (Telepac);
o communication via EURONET,

an interim network,

outside Europe :
● Australia (Midas and Austpac);
● Brazil (Interdata);
● Canada (Ipacs and Datapac);
● Gabon (Gabonpac);
o Israel (Israpac):
0 Ivory Coast (Sytranpac);
e Japan (Venus and DDX-P);
o Korea (Dacom);
● Singapore (Telepac);
● South Africa (Saponet);
● USA (Tymnet, Telenet, Unmet,

Autonet).

results of sensor
data processing

GTS
Global Telecommunications System

FIG. 62A :

DATA

DISTRIBUTION

_

9—
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6.3 OFF-LINE DISTRIBUTION

Argos “DISPOSE” files are saved
o~ magnetic tape at the rate of
one tape a day, gwmg 100 tapes
m just over three months. They
are processed every two weeks
as follows
● the last 15 tapes are read by
the computer:
● the data are rearranged by PTT
ID N’ and then by chronological
order for each PTT:

● the data are then transferred to Data archiving
other tapes These are sent directly Service Argos presently archrves
to the user every fortmght or results for a period of 100 days
month, or printed out and sent only
every fortmght. In both cases, the These results can be consulted
postal service IS used. by users of “standard”’ and ‘back-

up” serwces (See !j 7.2).

F!gure 6.3.A  D!stnbution  of results

[
ARGOS DP CENTER

ON-LINE ACCESS

FIG 6 3 A DISTRIBUTION OF RESULTS

28

I I

4
J

French
weather servrce

1 T

~~

t

F ‘2

TAPES

3 telex 300 and 1200.baud Permanent 2 telephone
PRIF?TROUT

Imes transmission hnes oulouse%tland,l!nk lines

GTS TRANSPAC 2 telephone
Imes

POSTAL

Internahonal Data SERVICESinternational
telex transmission telephone

network network network

User’s national
weather
serwce Telex

Telephone
(leased lines)

.

I

I USERS
I

+

Telephone

2(I7



—.

208

6.4 AVAILABILITY OF RESULTS
I

/
I
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‘AVERAGE  MONTHLY
AVAILABILITY
Service Argos regularly performs
statistical checks on hardware
bailability.
rhe table below gives availability
igures for a recent 12-month
>eriod.

-lowever, as far as the user is
:oncerned, the availability of his
5ata at any instant does not
~epend on these factors, but rather
m the availability of distribution
‘acilities. Other availability factors
mly affect throughput time up to
:he distribution system,
)ata  flows. are received for
>rocessing at the Argos dp center
m average every 50 minutes. The
:ime taken for actual processing
s 10 minutes per flow.

MINIMUM MAXIMUM AVERAGE
AVAIL&BILITY AVAILABILITY AVAILABILITY

% “10

USA LINK 95.6 100 96.9
ACQUISITION 95.9 99.7 98.5
PROCESSING 91.7 98.3
DISTRIBUTION

94.7
90.2 97.5

GTS LINK
94.9

96.2 100 99.6

Hence, processing facility availability
is higher than would seem to be
indicated by the table, since
maintenance and certain
breakdowns may occur and be
terminated during the 40 minutes
between two processing operations
and therefore not cause delays.

THROUGHPUT TIME
To understand the problem of
acquisition-to-availability throughput
time, consider the period between
reception of data by the satellite
and final delivery to users.
Since one orbit takes 100 minutes
and each satellite sees one of the
three telemetry ground stations
every orbit, the mean interval
between reception of data and
transmission to a station is
50 minutes.

The next component of system
throughput time, the “NOAA
component, includes :
● transmission to Suitland by the
telemetry ground stations;
● acquisition and sorting of Argos
data at NESDIS.
A third component, the “Argos”
component, includes :
e transmission from Suitland to
Toulouse;
a acquisition and data processing
at Service Argos, Toulouse;
● distribution to users via a
microcomputer connected to the
distribution computer.
The mean time before data
becomes available (orbit + NOAA
+ Argos components) is
approximately four hours.
The meam percentages for the
number of messages received with
given throughput times during a
recent 12-month Deriod were :

13%18%128%152%174%186%18% I



.

209

,,

,4
9

4
.

}

Operations committee
The Argos system is managed by
the ARGOS Operations Committee,
a bilateral (France/USA) organization
made up of representatives of the
three ~artlci~atmg agencies,
namely - -

s the National Aeronautics and
Space Administration (NASA USA):
● The National oceanic and
Atmospheric Administration (NOAA,
USA);
● The Centre National d’Etudes
Spatiales (CNES, France).
The comm!ttee IS chaired, in turns.
by CNES and NOAA. The

Operations Committee IS
responsible for ensuring that the
system is run according to the
‘Memorandum of Understanding”,
a France-American agreement
signed on December 10, 1979.

Argos programs
A program IS defined as a use~
specific application of the Argos
system.

Conditions for program
acceptance
The Argos system IS strictly
reserved for programs for the

collection of environmental data,
defined as measurements of
physical, chemical or biological
properties of solid earth, earth’s
waters (rivers, lakes and oceans)
and the atmosphere (including
space). Applications not directly
concerned with the environment
may, m exceptional cases, be’
approved by the Operations
Committe provided that the
program lasts no more than SIX
months.

7.1 APPLICATION PROCEDURE

The three stages of the procedure
are :
●  apphcatton;
● technical preparation;
● sgning of contract.
Each stage gwes nse to an
exchange of documents between
Service Argos and the user.

APPLICATION
The prospectwe user fills out a
questionnaire called the ‘“Program
Application form”, a facsimde of
which IS enclosed with  this Guide.
The Informahon  to be supplied I S
as follows :
● parhculars  of the applicant, the
“program director”;
c description of the alms of the
program,
● program time frame (starting
date, duration),
● PTT characteristics (number,
type),
c brief  definition  of any processing
operations to be performed by
Serwce Argos.
The application may be m either
English or French.
The average hme for a reply to
be gwen IS one month. If the
apphcatlon IS approved, Service
Argos sends the user the
documents listed below. These
documents must be returned to
Serwce Argos before any PTTs
start transmitting
● “Program review”, gwmg the
assigned PTT ID (Identlficatlon)
numbers and repetition periods;

● “techmcal file”, a detailed
technical questionnaire stating in
precise terms the user’s processing
and access requirements;
● Serwce Argos tariff and a
purchase order.
It is up to the user to make any
necessary arrangements with local
or natlOnal  authorities to obtain
hcenses for PTT operation.
If the Operations Committee
decides to refuse the program, a
special letter is sent and the
reasons for the refusal stated

Approval priorities
Applications are treated in
accordance with the following
priorities, m particular when there
IS a risk of saturation of the
system
Hrst  priority  programs requmng
the unique capablhtles of the Argos
system and which are devoted to
environmental momtormg.
Second pr~ority  programs devoted
to environmental momtormg but
which may not requ!re the umque
capabihtles of the Argos system,
for example programs which could
be handled by geostattonary
satellite systems.
Third  prlordy : programs not related
to the enwronment but which
satisfy the above condttlons.

TECHNICAL PREPARATION
The use of new PTTs necessarily
involves an exchange of technical
mformatlon between Service Argos
and the user.

Program review
As soon as an application IS
approved, Service Argos begins a
thorough examination of the
rnformatlon supphed As a result
of calculations based on the
number of PTTs already set up in
the area concerned, Service Argos
can determine the new number of
messages that WIII be recewed
each second by the satellite.
The aim IS to determine whether
there WIII be any adverse effects
on system performance..
The results of the study
(compatibility conslderatlons,
repetition per!ods, ID numbers) will
be gwen m the “Program Rewew”
document.

Technical file
By fdlmg out this document. the
user prowdes Service Argos with
all necessary reformation relating
to hls program needs, that is
● sensor data processing options:
● location needs:
● on-hne data dissemmat!on Optjons;
● of f-hne data dissemination
opt]ons.

9
-

——=.———
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7.2 CONTRACTS

Service Argos is operated on a
cost-recovery basis, with users
contributing a fraction of the
running costs proportional to the
amount “of service required.
Government users from the same
country can reduce their financial
contribution by jointly signing a
“Global Contract”, Services not
covered by a Global Contract are
ordered from Service Argos by
each user separately.

TYPES OF SERVICE
The following services are available
for approved programs (see also
figure 7,2.A) :
Type 7 : Standard service for PTTs
with a repetition period of less
than 60 seconds. Service Argos
performs PTT location calculations,
sensor data processing, generation
of accessible data files and
archivina of results for three
months,-
Type 2: Standard service for PTTs
with a repetition period greater
than 100 seconds. With the
exception of location calculations,
which cannot be achieved with
such PTTs, Service Argos performs
the same tasks as in type 1, i.e.
sensor data processing, generation
of accessible output files and
archiving of the output data for
three mbnths.
Type 3: Back-up service for PTTs
with a repetition period of less
than 60 seconds. Acquisition of
data from these PTTs must, in
general, be via the user’s own
direct readout station.
The processing of these data is
the same as in type 1, except
that results are not supplied.
Results are, however, archived for
a period of three months, during
which time the user may request
them. The required period must
not exceed three months, counting
back from the date of the request,
and it must cover a whole number
of calendar months.
For billing purposes, the PTTs
concerned are considered as
having been processed under
type 1, over the period requested,

32

Type 4: Back-up service for PTTs
with a repetition period greater
than 100 seconds. Same as type 3,
except that there is no location
calculation.
Type 5: Monitoring service for
PTTs with a repetition period of
less than 60 seconds. These data
must generally be acquired via the
user’s own direct readout station.

Service Argos performs the same
processing operations as in type 1,
the aim being to monitor system 9
use by this category of PTT.
Results are not supplied to users,
not archived, and therefore are
not accessible.
Type 6: Monitoring service for
PTTs with a repetition period I
areater than 100 seconds. Same
~rocessing as type 5.

Figure 7.2.A
SERVICES AVAILABLE UNDER THE GLOBAL CONTRACT

I
STANDARD BACK-UP MONITORING I

SERVICE
1 2 3 4 5 6

Repetition
Period <60S > loos <60S > loos <60S > loos I

Locat{on Yes No Yes No Yes No

Data 9

Processing Yes Yes Yes Yes Yes Yes

Access to
Data Files Yes Yes No No No No

9

Data
Archiving Yes Yes Yes Yes No No

B

The basic accounting unit used
by Service Argos is the “PTT-day”,
defined as one day of PTT data
processing, with a maximum of six
locations or ten data collections
during the day.

GLOBAL AGREEMENT
The Argos Global Agreement is
prepared every year at a meeting
convened by tha World
Meteorological Organization.
Individual agreements are
concluded between Service Argos
and countries concerned, The

agreement involves the payment
of a fixed reduced cast covering
all PTT usage up to a certain
global maximum. All countries are
encouraged to join the Global
Agreement and enjoy preferential
tariff arrangements, Notice must
be given in time to conclude an
agreement with Service Argos 9
before March 1 of each year,
Each country interested in joining
the Global Agreement must
designate a national ca-ordinator,
named the “Representative I
Organization for the Country”
(ROC).  The main tasks of the ROC
in relation to Service Argos are:

9
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● to supply, and update as
necessary a list of programs
covered by the contract; programs
authorized m the context of the
Global Contract are hmtted  to those
funded entirely by non-profit-makmg
!nstitutrons  such as government
agencies:
● to negotiate with Serwce  Argos
the mmumum guaranteed system
use for programs covered by the
Contract, and to pay for 12 months
serwce  in advance.
Each program authorized under
this agreement must also comply
wth the general rules governing
system use. The standard
application form must therefore be
completed and sent to Service
Argos where it will be rewewed m
standard manner.
The accounting unit used m
connection with a Global Contract
IS the Type-1 “’PTT-day” A PTT
that does not in fact use type 1
processing only gwes nse to a
fraction of a PTT-day. The fractions
are given below.

I Type
I

1 I 2 3 4 5 6

I

I Fraction II I 1/5
I

1/5 I 1;15
I

118
I

1/16 I
Users operating programs under
a Global Contract will be charged
m accordance with the Serwce
Argos tariff for any serwces not
included in the Contract, Program
heats order such serwces by
sgnmg, completmg and sending
a Serwce Argos purchase order
once a year

I

PROGRAMS NOT COVERED BY A
GLOBAL CONTRACT
User programs not covered by a
Global Contract, for example those
from non-parttcrpatmg countries or
those operated by commercial
orgamzahons. must order serwces
d;rectly from Serwce Argos.
Contributions to operating expenses
are specrfled m the Serwce Argos
!ar]ff (enclosed wtth this Guide)

211

*

33



,
I INDEX

7.1
3.4
7,1
6.3
4.1

. . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . .

B

7.2
3.3
4,3

4.3
5.1
3.5
5.3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D

Data bank . ., . . . . . . . . . . . . . . . . . . 5.5
5.3
4,3
4,3
6.2
5.1
5.2
3.1

Data compression . . . . . . . . . . . . . . .

DCLS  (Onboard  package) . . . . . . . . . . .
DCP . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Direct access . . . . . . . . . . . . . . . . . . . . . .

Direct readout stations (LUTs).  . . . . . . . . . . . . . . . . . . . . . . . . . .

Dp center  . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Drifting buoys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E

.

.,

.

. . . . . . ,...,,, . . . .

. . . . . . . . . . . . . .
...,,... . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

4,3
4.1

. . ,,.,.. ,.

.,.,.. ,..,,. . . . . . . . ,.

,..,,. .,,,.. ,,..., .,.,,, . .
,.,..., .,..,,. . . . . .

,.,.., ,,.,., . . .
. ...,.. ,,,..,. .
,.,,,. ..,,,. ,,..,
,...,, ..,,,. .,.,,

4.3
7.2
5.3
6.1

Hydrological stations.,,,,,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,,.,,

4.1

3.1

L

BLand stations . . . . . . .
Location, . . . . . . . . . .
Location accuracy, . .
Location cone .,,.,.

3.2
5.4
5.4
5.4

,...,.
,,..,,.
.

34



213

.

.

-,.

M

Message format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Message preprocessin g...... . . . . . . . . . .
M e s s a g e  q u a l i t y  m d e x ( N Q )  .  .  .  .
Message repetition . . . . . . . . . . . .
Meteorological stations . . . . . .
Modulation . . . . . .
Momtorings erwce . . . . . . . .

N

NASA. .
NESDIS . . . . . .
NOAA satellites . . . . . . . . . . . .
Number of locations per day . .

0
Off-hne access to data . . . .
O n - l i n e  access  to d a t a . . ” ”
Operations Committee.. . . . .
Orbltography  Pats . . . . . . . . . . . . . .
Osclllato rinstablhty . . . . . . . . . . . . . . .

P

Parameters observed .,,..... .
Platforms . . . .
Polar buoys . . . . . . . . . . . . . . . . . . . . . . . . .
Printout of results .,, . . . . . . . . .
Priontlesf oradmlsslont osystem
Prwate C o n t r a c t s .
P r o c e s s i n g  unttson b o a r d  theDCLS
Proaram review.. . . . . . ...”....

4.3
5.3
5.5
4.3
3.2
4,3
7.2

4.1
4.1
4,1
5.4

6.3
6.2

5.4
5.4

3.1

3.:
&;

7 2
4 3
7.1

PTTspecifi;ations ...,. .

R

s

T

3.5

5.5
7.2
4.1

4.2
3.1
5.3
3.1
3.2
7.2
4.2
43

43

6.3
7.1
7,1
5.1
6.2
6.2
4.3
::$

35



214

6.1

LIST OF ACRONYMS
I

ATN
BCD
CDA
CMS
CNES
DCLS
DCP
DMN
ESM
EURONET
F G G E
GARP
GOES
GTS
HRPT
ID
IGC
IMP
LUT
METEOSAT
NASA
NESDIS
NF
NOAA

!%
PTT
ROC
RTH
RSS
TELENET
TIP
TRANSPAC
TYMNET
UTC
VHF
WMO
Wwc
Www

36

Advanced TIROS-N
Binary coded decimal
Command and Data Acquisition
Centre de Meteorologic Spatiale
Centre National d’Etudes Spatiales  (French Space Agency)
Data Collection and Location System
Data Collection Platform
D i r e c t i o n  d e  l a  M e t e o r o l o g i c  Nationale
Equipment Support Module
European data transmission network
First Global GARP experiment
Global Atmospheric Research Program
Geostationary  Environmental Satellite
Global Telecommunications System
High Resolution Picture Transmission
Identification number
International Gateway Center
Instrument Mounting Platform,
Local User Terminal
Meteorological Satellite (European)
National Aeronautics and Space Administration
National Environmental Satellite and Data Information Service
Compression index
National Oceanographic and Atmospheric Administration
Index of message quality
Operations Committee
Platform Transmitter Terminal
Representative Organization for a country or a group of countries
Regional Telecommunications Hub
Reaction Support Structure
North American data transmission network
TIROS Information Processor
French data transmission network
North American data transmission network
Universal Time Code
Very High Frequency
World Meteorological Organization
World Weather Center
World Weather Watch

“I
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EXECUTIVE SUMMARY

we sought to characterize the cutaneous response i n bottle-

“o~e  dolphl  ns, Tursiops  truncatus,  t o  M a t e r i a l s  o f  p o t e n t i a l

value i n future marking Prowams  on cetaceans. Our first step

was to determine  the  i nf larnrnatory  response  and the rate and

pattern of wound healing i n dolphin skin. The sequence and

t i m i n g  of heal  in9  were  sirni  lar to those  reported i n terrestrial

mammals.  Of note was the absence of a traditional scab, its

purpose served by a transformed barrier  layer of epidermal  cel 1s

and vesicles.

We then implanted Plastic and metal 1 ic substances percu-

taneously into the dermis of the dorsal fins of three dolphins.

There were three responses. Eight materials were extruded by the

third week, followed by normal  healing in seven and infection in

one. The only Material  remained over the 1 Z-week study per iod

was porous polyethy lene .  anchored f i rmly  by  an  i  ngrowth  of

f i b r o u s  t i s s u e . Zones of  react iv i ty  remained around the i  mpl ant.

indicating that the material had not been completely accepted.

We ,bel ieve that the  results are promising,  and the impediment to

total acceptance can be overcome by construct ng a composite

implant with a surface which is impervious to penetrating sub-

stances, a collar  which forms  a firm epidemnal  seal, and a base

with suitable porosity to allow rapid invasion by fibrous tissue.
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INTRODUCTION

Identification of individual cetaceans is essential to

understanding behavior, abundance, distribution and movements.

Such identification can be achieved through the use of natural

and artificial marks, visible tags, and radio transmitters.

Efforts to identify individual whales began in 1932 with the

development of “Oiscovery”  tags fired from a shotgun into the

flesh of large whales and recovered during processing after the

animal had been ki 1 led. By 1975 over 20,000 whales were marked.

with recovery rates approaching 15% (Brown 1977). In the 1960’s.

investigators began experimenting with tagging methods which

could be used with small cetaceans and did not require killing

the animal. After some abortive attempts (Nishiwaki  et al.

1966), Sergeant and Brodie (1969) successfully marked Oelphinap-

terus leucas using spaghetti tags. The recovery/refighting rate

however, was only 0.4~ Since then, a variety of tags and mark-

ing techniques have been developed and tested. The five basic

methods include natural marks (Katona et al. 1979, Perkins and

Whitehead 1977, Wursig and Wiirsig  1977, and Schevi 11 and Backus

1960), freeze branding (Cornel  1 et al. 1979, Irvine and Wel 1s

1972), button or disk tags fastened through the dorsal fin (Evans

et al. 1972). dart-type spaghetti tags (Evans et al. op. ci t.,

Perrin et al. 1979) and radio transmitters (Leatherwood and Evans

1979, Mate and Harvey 1983). Oespite increasingly sophisticated

designs and application techniques, none of the devices are

dependable enough to be used routinely. They are either too

1

difficult to apply, rejected, cause inordinate tissue damage, or

fail because the materials are not durable or the marks distinc-

tive (White et al. 1981, Hobbs and Goebel  1982, Irvine et al.

1982). Of the various tags, radio transmitters show the greatest

promise for providing long-term information. Their usefulness

however. depends on the duration of attachment to the animal. I n

small cetaceans, a radio tag can be manually fastened to a speci-

fic site on the dorsal fin. In larger  whales, tags must be

implanted remotely, usually from a shoulder g u n . In either case.

but particularly the latter less controllable method, tissue

reaction, infection, and hydrodynamic drag loosen, displace, and

eventually cause the loss of the tag. Results of some recent

disappointing whale tracking studies led to the conclusion that

“without knowledge of the dynamics of the tissue reactions, we

may never have a long–term tag . . ..l! (Watkins 1981).

Toward this end, we undertook the present study in three

phases. First, we characterized the inflammatory response and

the rate of wound healing of surface cuts made in the skin of

Tursiops  truncatus. Using tlb same subjects, we then conducted a

pilot study to determine the response of skin to stainless steel

and gold-plated pins inserted to the full depth of the dermis.

Oespite  the strenuous effort needed to implant the devices, three

of the four pins were rejected within three days, and the fourth

by day nine (Geraci  and SL Aubin,  1984).  That f inding clearly

pointed to the need for a study to determine the nature of the

processes leading to acceptance or rejection of percutaneous

implants.
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The present study addresses the question by examining, in

the bottlenose dolphin, the reaction of skin to a series of

materials selected on the basis of composition and configuration.

and some because of their success as implants in human surgery.

These included: 120-HOPE, Proplast 11, urethane, and titanium.

Others were tested because they are highly resistant to seawater

(i.e. copel,  inconel, and monel).  F o r  c o m p a r i s o n  w i t h  t h e s e

inert materials, we tested a type of stainless steel that is

resistant to corrosion by body fluids but not seawater, and

copper which is quite reactive and non-resistant.

As a background to these studies, we have provided a

description of epidermal  structure in the bottlenose dolphin.

This account, along with a glossary of terminology, will facili-

tate interpretation of the histological descriptions which

fol low.

EPIOERMAL MORPHOLOGY IN TURSIOPS TRUNCATUS

Odontocete skin has a smooth rubbery texture. It is without

glands or hair. except for the few curly bristle-like sinus hairs

along the snout of fetuses. The epidermis is 10 to 20 times

thicker than that in terrestrial mammals, measuring 2 to 4 mm in

Tursiops. The thickness is variable over the surface of an

animal, and changes with age (Harrison and Thurley 1974). The

deeper half of the epidermis is penetrated by erect evenly spaced

dermal ridges aligned parallel, obliquely, and to a lesser

extent, perpendicular to the long axis of the body and fins.

From the summmits  of the dermal  ridges arise finger-like dermal

w
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papil lae (Fig.  l). Nerve f ibers from these well- innervated.

vascularized  papillae penetrate the epidermis only in the t e a t ,

genital and anal regions (Palmer and Weddell  1964).

There is disagreement over the number of cellular strata

present in the epidermis. We recognize three layers. The f irst

which rests on the basement membrane overlying the dermis has

been called stratum basale or stratum germinativum.  Both names

aPPear to be interchangeable but the latter term best describes

its function, which is to proliferate and produce the overlying

epidermal  c e l l s . Melanocytes are interspersed among the germinal

cel ls . Above the germinal layers lie 35 to 5Ci rows”of  cells

which are spherical near their origin on the stratum germinate -

vum.  and become flattened “and eliptical toward the surface of the

skin. This we refer to as the stratum spinosum.

Some controversy surrounds the precise nature of the exter-

na l  layer. Authors noting that it is keratinized have adopted

the name stratum corneum. Although some keratin  can be demon-

strated histochemically,  most would agree that the process of

cornification  is incomplete. hence we prefer Harrison and

Thurley’s (1974) designation of stratum externum.

It has been suggested that the cells of the stratum externum

are still living (Simpson and Gardner 1972). However, the nuclei

are condensed and pyknotic, and the cytoplasmic organelles are

sparse, suggesting that the cells are senescent. Cells at the

surface exfoliate intact.. They can be scraped off easily and

sheets of epidermis are often found in pools where small odonto-

Cetes are maintained.
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WOUND HEAL ING1

MATERIALS AND METHODS

Three.  4-year-old.  female bottlenose  dolphins, Tursiops  trunca-

~. were captured in Mississippi Sound and maintained in sea-pen

enclosures at the Institute for Delphinid  Research, Grassy Key,

FL for 16 months prior to the study. ‘ Each dolphin was fed

her r ing .  CluPea harengus, and smelt, Osmerus  mordax,  providing a

daily ration of 3.4 x 105 J.kg-l body weight/day.  During the

study period. the animals were in good health, judging from

appetite. 9eneral  appearance, and results of hematologic  and

serum chemical analyses.

For each trial the dolphins were netted, placed on a stan-

dard dolphin transport stretcher, and suspended side-by-side just

above the surface of the water in a metal carrier frame. The

animals were restrained and kept wet for up to 3 hours. Follow-

ing each session the dolphins were fed as soon as they were

returned to the holding pool.

We examined the healing process by making two 10-cm long

superficial cuts on the back of each animal. A sterilized No. 11

scalpel blade, wrapped with masking tape so that 2 mm of the tip

was exposed, was drawn quickly through the skin. A paper ruler,

placed cranial and at right angles to the dorsal fin, was used to

lThese  observations fOf-m  part of a forthcoming publication
(Bruce-Al len and Geraci  1985).

I

guide the blade. Bleeding was controlled within 1 minute  using a

gauze sponge, after which each cut was infused with sterile

I seawater for 30 minutes.

The cuts were photographed and el 1 iptical  skin biopsy speci-

mens were excised in duplicate at  2, 6, 12 hours.  and 1, 2, 3, 7
I

and 10 days after each cut was made. They were removed serial ly

beginning at one end of the incision. Each specimen exposed the

dermis and incorporated the opposing edges of the wound and
1,

normal surrounding tissue.

Samples were immediately placed in 4 mL of 3% glutaraldehyde

1 in 10% buffered formal in (0.2 M sodium phosphate buffer. PH 7.0).

1 at 40C for up to 1 hour. Each specimen
I
,! tudinally.  One half was placed in 4 mL
;;

formalin  f ixative for l ight microscopy,

into l-mm3 pieces and placed in 4 mL of

electron microscopy.

Tissues fixed for 1 ight microscopy

was then bisected longi  -

fresh glutaraldehyde-

and the other was diced

the same fixative for

were dehydrated in

I

,1

alcohol, and embedded in paraffin blocks. Sections 10 to 12 um

thick were stained with hematoxyl  in and eosin (H&E). Selected

subsamples from each time interval were stained with periodic

acid schi ff (PAS). phosphotungstic  acid hematoxyl  in (pTAH).  and

Masson’s  trichrome.

For electron microscopy, specimens were post-fixed in 1%

osmium tetroxide  in 0.2 M sodium phosphate buffer for 1 hour at

40C. They were then washed in 0.2 M sodium phosphate buffer,

dehydrated in acetone, and embedded in Spurr’s  medium. Thick

sections (1 pm) were cut on glass knives using a Reichert 0mU2

8
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DISCUSSION

Wound heal ing in the bottlenose dolphin does not differ

dramatical Iy from that reported in terrestrial mammals. Indeed,

the sequence of vascular and cellular events corresponds with

those reported in rats (Iiurley  et al. 1966), mice (croft and

Tarin 1970), guinea pigs (Ross and Benditt 1961), rabbits

(Matoltsy  and Viziam  1970), and man (Ross and Odland 1968).

Healing of cutaneous incisions in dolphins, as in all

animals with a vascularized  blood system, involves immediate

changes in local blood flow which culminate in the infiltration

of inflammatory cel 1s into the damaged area. Vascular dilation,

congestion, and hemorrhage at 2 hours were fol lowed by rounding,

or contraction of endothel  ial cel Is, extravasation  of leukocytes,

and edema. Neutrophi  1s predominated inflammatory infi Itrates

throughout the course of healing. Phagocytosis  appears to be a

key function of these cel  1s in the dolphin, as evidenced by the

development of intracellular phagosomes which fuse with cyto-

plasmic granules. The 1 ife span of neutrophi  1s in the wound area

was relatively short, only 6 to 12 hours. However, the release

of cel  lular contents and enzymes from necrotic neutrophi  1s early

in the response probably continues to contribute to inflammation

as it does in other mammals, effecting increased vascular perme-

abi 1 ity (Juhlin  and Hammarstrom 1982), degradation of immune

complexes bound on nonphagocytosable  surfaces (Iienson 1980) and

chemotaxis of inflammatory cells (Goetzl  and Pickett 1980).

Mononuclear cells appeared in inflammatory infiltrates more

frequently subsequent to the peak emigration of neutrophi  1s.

. . __,. . .

I

I

This finding supports Ryan’s (1967) belief that emigration of

inf lammatory cel 1S is a biphasic process. The dolphin  rnacro-

phage is the principal phagocytic  inflammatory cel 1 $een to

ingest large particles and cel lu1 ar debris. Lymphocytes were

identified infrequently in the cuts and did not share a phago-

cytic role with macrophages and neutrophi  1s.

Eosinophi  1s were regularly encountered in the cellular

i n f i l t r a t e s . Ultrastructural  ly, cetacean eosinophi  1s differ from

those of most terrestrial species in that the granules lack

c r y s t a l l o i d . This may signal an evolutionary modification of

antigenic  properties of the cel 1s (Kay 1979), and it is therefore

interesting to note that the lack of a crystalloid is a feature

also seen in equine eosinophils. Epidermal  cuts in the dolphins

were not characterized by a large infiltration of eosinophi  1s,

despite high levels in circulat ion (Medway  and Geraci  1978). The

phagocytic capabi  1 i ties of these cel 1s were clearly evident in

ce l lu la r  in f i l t r a tes . However, their low occurrence suggests

that they do not play an important role in response to mechanical

injury.

Concurrent with infiltration of inflammatory cells and

wound debridement were changes in the morphology and function of

loca l  epidermal  cells. The first sign of epidermal  involvement

in healing was migration of cells using stationary epidermal

cel  1s, fibrin, and mesenchymal  cel 1s In the dermis as a sub-

strate. Our results support the interpretations of Krawczyk

(1977) that epidermal  migration is accomplished by the sequential

movement of individual cel 1s in a “leap-frog” motion. The
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retention of few desmosomes between migrating and stationary

epidermal  cells may permit increased mobility of the cells, while

interdigi  tat ion of plasma membranes would maintain contact

between cells and may provide directional information to the

migrating cells.

E leva ted  mitotic rate of basal epidermal  cells also contri–

buted to the reestablishment of normal tissue. The period of

increased mitotic activity in the dolphin is within the range

reported for non-occluded wounds in man (Rovee et al. 1972).

Clusters of cel 1s in metaphase were first observed at 48 hours,

subsequent to the coaption  of migrating epidermal  cel 1s beneath

the cuts. Increased mitotic activity and cellular migration may

wel 1 have been concurrent processes. However, the peak of

mitotic  activity was noted only after a continuous germinal layer

was establ i shed.

Increased mi totic  activity is concentrated in the stratum

germinativum  and overlying few layers within 1 mm of either side

of the incisions. The zone of stimulated mitosis is far more

restricted than that reported in terrestrial  mammals (Si  1 ver

1982). To account for the difference, one must consider the

microanatomy of normal cetacean skin. The very pronounced dermal

papi 11 ae provide a 1 arge surface area for the stratum germ inat i-

vum.  Consequently, a dolphin has more germinal cells in the

immediate area of a given wound, and thus, it seems, can produce

the cel 1s requi red  to fi 11 an incisional gap from within a very

short di stance of the injury;

Anderson and Roberts (1 975) suggested that rapid wound

closure in fish is an important adaptation to an aquatic

36
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environment. Likewise, it has been stated that wound healing in

cetaceans proceeds at a remarkably fast rate (Greenwood et al.

1974). The present study does not substantiate this claim.

Instead, the current findings place the temporal sequence of

wound healing in the dolphin within the reported time frame

observed for man (Ross and Odland 1968) and rabbits (Matoltsy  and

Viziam 1970). This time frame wi 11 be used as a basis upon which

to compare wound healing associated with implantation marking and

tracking devices.

P E R C U T A N E O U S  IMPLANTS

MATERIALS ANO METHODS

Three female bottlenose  dolphins (Tursiops  truncatus) were

used in this study. They were maintained at the New England

Aquarium, 8oston,  in a 6.7 m x 13.7 m x 1.8 m deep pool contain-

ing chlorinated (<0.05  ppm free chlorine) seawater at a tempera-

t u r e  of 17-180C.  sal inity of  3Z0/oo  and a pH o f  8 . 0 .  T h e

dolphins were designated “ELM-A”, “BLM-B”, and “Elua”.  ELM-A and

8LM-B were both six years old and had been in captivity for

nearly four years. Elua was approximately 19 years old and had

been in captivity for 15 years. All were in good health, as

judged by physical condition and blood analyses. The dolphins

were fed a diet of thawed herring (Cl upea harenms) and capel  in

(Mallotus  villosus) providing l.4t02.4x105J.  kg-l of body

weight per day.

To implant the materials, each dolphin was captured, re–

strained in a standard dolphin transport stretcher, and placed on

37
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a foam pad at pools ide, where it was kept moist by sponging

during the 30 minutes required to complete the procedure.

Nine different materials were implanted (Table 2),  in the

form of small rods 20 mm long and approximately 1.6 mm in dia-

meter. The Prop last 11. 120-HOPE, and urethane implants were

placed in a steam sterilizer for 20 minutes, then stored dry in

sealed containers: the metals were cleaned in 100%  acetOne.

stored in 100% ethyl alcohol. then rinsed in a steriie 0.9%

saline solution. To insert them. a 14 gauge needle was used to

make channels through the dorsal fin, 1 cm from the leading edge

and 2 cm apart. One implant was inserted to the ful 1 depth of

each channel flush with both surfaces of the fin. Control chan-

nels, without implants, were also made in each dorsal fin. The

distribution of implants and control sites is shown in Fig. 10.

One implant site for each material. including a control from

each dolphin, was sampled using a 6-mm diameter biopsy punch at

1, 3. and 6 weeks following implantation. Additional biopsy

samples of Proplast 11, 120-HOPE, inconel  and titanium sites were

removed after 12 weeks. A total of 37 samples were obtained

during the 12-week study period. At each biopsy session. all

sites were examined and photographed. Biopsy specimens were

placed in universal fixative for 72 hours, then dehydrated in

graded series of ethyl alcohol. i n f i l t r a t e d  w i t h  methacrylate

7 days and embedded in methacrylate  in a vacuum desiccator.

Sections were cut at 2-5 pm and stained with hematoxylin  and

eosin.

38
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Table 2: Materials lnplanted  percutaneously in thr-
bottlenose dolphins, Tursicps  trurwatus.

~IERIAL 0ESCRIPIU3N SUpTIIER mPtiIN

120-i-OPE

Proolast  11

Urethane

C o p p e r

Titaniun

Copel

Inconel 671

Nonel 403

416 Stainless
Steel

pOrOUS high density Poly-
ethylene
pore size: 120 Dm
porosity: 40,%
tensile streqth: <4.8 NPa
motilus of elasticity: 210 PPa

porous coqmsite af pOlytetra-
fluoroethylere  cmnbined with
alumirum  oxide
pore size: lu3-4m pm
porosity: 70-90%
tensile strenqth:  0.03-1.0 PPa
modulus of elasticity: 2.2S NPa

pal yether urethano
tensile strorqth:  31 NPa
nmtilus of elasticity: 1.6 fPa

99% pure CU

99.7% pure Ti

coppor-nickel  alloy
consisticq  o f  SS% Cu

and 4S1 Ni

nickei-chranium alloy
consisting of 52% Ni
and 48$ Cr

nickel -co~cr alloy
consisting of 66.5% Ni,
31.5% CU. and 2% Co

a metier of the martensitic
group of stainiess  stneis

Porex Technologies
Fairburn, GA

!fitek, Inc.
Hcuston,  TX

BrandoFlex, Ltd.
Brant  ford, Ont.

Lewis Tool & Oie Ltd.

Guelph, Ont.

Johnson Platthey. Inc.
Seabrcok,  NH

Lewis  Tool & Oie Ltd.
Guelph, Ont,

Lewis Tool & Oie Ltd.
Guelph, Ont.

Lewis Twl h Oie Ltd.
Guelph,  Ont.

Lewis Teal 6 Oie Ltd.
Guelph,  Ont.

owl-e

em-e

IWI-A

ELM-A

Elua

@lM-A

BLm-B

Elua
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Figure 13: Tissue response to nine different materials imDlanted
percutaneously in dorsal fins of bottlenose doiphins.

within one week; copel,  copper, monel, and Proplast I I were

extruded before three weeks. Stainless steel was the only

material tested that fel 1 in the second categor~ al I implants

were extruded by the third week. The single material in t h e

third category, 120-HOPE. remained implanted throughout the

study.

1. CONTROLS

Gross Description (Fig. 14)

After one week, al 1 nine control sites appeared similar. The

center of each site contained a S1 ightl  y raised dark scab approx-

imately 3 mm in diameter which was surrounded by a narrow pale

halo. By week 3, the remaining six control sites had a slightly

depressed pin–point black center surrounded by normal skin. The

three control sites, which had been biopsfed  two weeks Previous -

ly, appeared as dark, S1 ightly  depressed scabs approximately 6 mm

across. By week 6 only one of the three remaining control sites

was readily distinguishable from the surrounding tissue. It was

visible as a pale l-mm dot surrounded by a 4-mm halo of dark,

relatively normal-appearing skin.

Histological Description

Week 1 (Fig. 15) - Epidermis - The

tinuous  across the wound site. and

stratum externum  was con-

was thickened due to hyper-

trophy and hyperplasia  of some of the cel 1s. A mild neutrophi  1 ic

infiltrate percolated up between the layers of the stratum exter-

num. The stratum spinosum  was only a few cel  1 layers thick at

48
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thickness of the normal epidermis. Rete pegs more distant from

the i’mplant were not affected. The basal cells of the epidermis

adjacent to the i replant had 1 arge nuclei. prominent chromatin

patterns and large nucleoli. The underlying basement membrane

was thickened. Mitotic figures were present in the germinal

cell layer up to five rete pegs away from the implant

(1.2.5 * 8 cel  1s. 1000-1),  but were most numerous in the peg

immediately adjacent to the implant (22 * 8 cells . 1000-~.  Table

3).  The mild inf lammatory cel l  inf i l trate in this region consis-

ted primarily of neutrophi  1s.

Dermis - The pores of the implant within the dermis were filled

with f ibrin.  erythrocytes,  neutrophi  ls, . cellular debri  & macro-

phages,  and giant cells. Maturing fibrous tissue penetrated

pores along the periphery. The dermal  reaction was confined to

the area immediately adjacent to  the implant, and consisted of

maturing scar tissue.  and a mixed inflammatory cell in ‘i ltrate

containing neutrophi 1s, macrophages, and a few giant :11 ]s.

DISCUSSION

This study was designed to investigate the nature of t h e

response of dolphin skin to percutaneous implants, and to deter-

mine how it is influenced by physical and chemical characteris-

tics of the implanted material. We observed three different

reactions: extrusion by week 3, followed by normal. uncomplicated

wound heal ing; extrusion by week 3, associated with abscessation

and finally ulceration by week 6; and retention until at least

week 12 with moderate tissue ingrowth.

96
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Any sol id material penetrating the epidermis initiates a

series of cellular processes designed to isolate and expel the

intruding substance before the heal i ng process cen be completed.

The mechanisms involved in rejecting percutaneous y implanted

materials have been reviewed by von Recum (1984). These include

marsupial  ization.  permigration. infection and avulsion. Mar-

supialization  refers to the prol i ferat ion of  epidermal  ce l l s

along the interface between the tissue and the i replant (epiderma?

downgrowth) .  Once the leading epidermal edges join under the

i mpla.t,  the body has successful 1 y externalized the material.

Permigration occurs with porous implant materials. which are

infiltrated first by connective tissue, then by epidermal basal

cells. There is some controversy concerning the mechanisms

leading to reject ion of  porous materials.  Hal l  et  al. (1975)

postulated that the natural tendency for epidermal  cel  1s to”

migr? :e towards the surface of the skin creates a force which

carr os the implant outward. Von Recum  (1984) found that basal

cel 1s were able to penetrate the i replant to reach healthy granu-

lat ion t issue result ing in marsupial  ization.  If the  implant

material is contaminated, infection results in rapid destruction

of tissue surrounding the implant and subsequent extrusion.

Mechanica 1 forces acti ngon percutaneous devices are transmitted

to interracial tissues where the stresses lead to focal acute

iriflammation. If the forces are great enough, the i mpl ant may be

torn away from surrounding tissues. Mechanical 1 y induced f ai lure

has been termed avulsion (Daly 1980). Von Recum (1984) believes

that failure is usually due to a combination of these factors

N
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4

w h i c h  l e a d  t o  s i n u s  t r a c t  f o r m a t i o n ,  m e c h a n i c a l  d i s r u p t i o n  o f

w e a k  t i s s u e  b r i d g e s ,  i n f e c t i o n  a n d  u l t i m a t e l y  e x t r u s i o n .

I n  o u r  s t u d y .  s o m e  o f  t h e  i m p l a n t  m a t e r i a l s  w e r e  l o s t  d u r i n g

t h e  f i r s t  w e e k ,  a n d  o t h e r s  w i t h i n  t h r e e  w e e k s .  H i s t o l o g i c a l l y ,  w e

could find 1 ittle di fference  between these two groups suggesting

that the implants in the second group were lost early during the

second week.

Al 1 substances in this category caused marked inflammation,

followed by fibroplasia  and formation of maturing scar tissue.

The sequence of events paralleled that observed in uncomplicated

wounds (see Wound Heal ing section, this report) but the time

course was extended due to the presence of implant material.

Extrusion was apparently the result of infection and avulsion.

The early loss of titanium was unexpected; it has been used

extensively in prosthetic devices, has exceptional ly high corro-

sion resistance, and usually produces little tissue response

(Williams 1981). Inconel,  monel, a n d  copel a re  a l  1  meta l  a l loys

exhibiting similarity high resistance to corrosion by seawater

and alkal ine media (American Society for Metals 1980), yet they

too were rapidly rejected.  Chemical  unreactivity,  therefore, is

not the sole criterion for the selection of material for

percutaneous implantation in dolphins.

Early extrusion of the Proplast 11 implants was particularly

intriguing since stabilization of porous implants by ingrowth of

surrounding tissue has been found desirable for long-term clini-

cal  stabi l i ty (Homsy  1981). Extensive information in the 1 itera-

ture indicates that Proplast II should be accepted since it meets

three key needs: biocompatibility,  because the ingredients (PTFE

mm

——---- .—

I
and alumina) are stable in the bodfi  biofunctionality,  with a

modulus of elasticity similar to that of soft tissue (3 M P a )

which should prevent shearing of ingrown tissue buds under

mechanical stress: and porosity, because the pore size (100-

400 urn). pore volume (70-90% void), and interpore connections

(>100  urn)  are optimum for active tissue metabolism and maturation

(Westfal  1 et al. 1982, Homsy and Anderson 1976).

The reasons for extrusion of the Proplast I I implants are

not clear, but the manufacturer has suggested two possibi 1 i ties

(k Tal lY pers. comm.). Compression during trimming prior to

implantation or a.ring the implant procedure may have CO1 lapsed

the pores. inhibi  .ing ingrowth,  ar the implants may have been

subjected to mechanical stresses which destroyed weak interracial

tissue bridges as quickly as they developed. The low modulus of

elasticity makes Proplast susceptible to deformation during han-

dling. Percutane. Js devices, no matter how carefully implanted,

are subject to i,l.-ection  (Dasse 1984).  Infection may result  from

an initial superficial colonization adjacent to the implant, or a

sinus  tract may develop around the implant allowing bacteria

access to subcutaneous tissue. Chranic  infection, which may not

be counteracted successful ly due to pressure necrosis or exces-

sive t issue react ion to tox ic  biomaterials.  p rogresses  to  abscess

formation. Apparently this was the case with the stainless steel

implants. After one week a narrow sinus tract led from the skin

surface to a pocket of necrotic debris in the dermis. There was

no sign of bacterial infection at two weeks, but a large ulcer

was present at six weeks.
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It would  appear that the sinus tract provided a tunnel for

deep infection, resulting in abscessation.  The consequence was

extrusion o+’ the implant due to tissue breakdown in the dermis

and the development of a sinus tract in the epidermi  lined with

differentiated stratum externum.

The only implant material still in place after 12 weeks was

porous polyethylene 120-HOPE. Polyethylene has a long history of

clinicai appl i cation, especial  ly in total joint prostheses, yet

there have been few experiments with porous polyethylene

(Hastings 1981). Klawitter et al. (1976) found well developed

ingrowth with few inflammatory cells in porous samples implanted

in dog femora.  Similar results were obtained with a porous

polyethylene total ossicular replacement prosthesis in humans

(Smyth  et al. 1978). We are unaware of any trials using porous

HOPE as a percutaneous implan~

Of significance in the present study was the rapid onset of

fibroplasia  adjacent to the implant, coupled with only a mild

inflammatory response during the first week. 8y week 3 there was

some growth  of fibrous tissue within the pores of the implant.

and by week 12 the fibrous tissue was maturing. This reaction

was markedly different from that observed with the other porous

material investigated in this study. Before the end of the first

week, the pores of the Proplast 11 implant had fi 1 led with an

inflammatory exudate, and acute inflammation was present in the

dermis. By week 3, al 1 of the Proplast 11 implants had been

extruded and we were unable to find any histological evidence

indicating that infiltration by fibrous tissue had commenced.

We conclude that a major requirement for successful percutaneous

d

I

I

‘1

implantat ion in dolphins is a material that allows rapid forma-

tion of fibrous tissue within its pores to quickly create a

physics 1 bond between the material and surrounding tissue.

We examined mitotic activity to obtain a quantitative mea–

s u r e m e n t  of tissue response to the lZO-HDPE implants. The rate

of mitotic  activity associated with the 120-HDPE  implant sites

was similar to the control site values  in weeks 1 and 3. but

decreased drama tical Iy by week 6 (Fig. 30) to normal values for

untraumatized skin (see Wound Healing section, this report).

Although the rate observed in the biopsy sample obtained on week

12 had increased somewhat. it.  was still significantly lower than

the week 3 rate (Table 3). One might conclude from these data

that 120-HDPE did not directly stimulate mitosis, but that such

acti vi ~y was the result of the wound created by the i replant

procedure. However,  examination of the rate of mitotic activity

on an individual rete peg ba,. <s provides further insight (Table

4 ) .
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With the 120-HDPE  Implants, the rate of mltotic  activity was
I

always highest in the rete peg adjacent to the implant material.

In fact, the mitotic index for this peg in week 12 was nearly as

high as in the first week (Fig. 31). Mitotic activity decreased

rapidly in rete pegs away from the implant in week 1, but the

rate had increased somewhat by week 3 (Fig. 31 ). This indicated

that the implant was producing a chronic stimulation across

several rete pegs. This st imulator effect was short- l ived; by

week 6, the rate of mitotic  activity in the second to fifth pegs

away from the implant had returned to normal. In contrast, the

rate of mi totic  activity associated with the control sites was

spread across al 1 five rete pegs examined, and remained elevated

during the first six weeks that biopsy samples were available

from control sites.

We conclude that the 120-HOPE implants provided a very mild

chronic stimulus that increased the rate of mi totic activity, but

that this stimulus was extremely localized and by week 12 had

been restricted to cel 1s of the rete peg immediately adjacent t o

the implant material.

The ingrowth  of fibrous tissue in the 120-HDPE  implants

shows promise for long-term retention. Two potential problems

which ultimately may interfere with the process are infection

(Oasse 1984) and epiderma 1 downgrowth (Daly and Dasse 1983). We

observed both of these processes in association with the 120-HOPE

implants. 8acterial colonies. adjacent to the implants and with-

in the pores, were noted with increasing frequency during the

first six weeks of the study. By week 12 bacterial colonies were

105

restricted to the level of the epidermis, which had, however,

grown down to a depth nearly twice that of normal epidermis.

Hal 1 et al. (1975) speculated that fluid-fi  1 led pores could cause

the implant to serve as a wick for bacteria. However, von Recum

(1984) observed infection in only a few porous implants. Our own

observations support the former hypothesis. and this wicking

action may be accelerated in an aquatic environment.

The biopsy sample of week 12 revealed that the zone of acute

neutrophi  1 ic inflammation associated with bacteria had moved

deeper below the surface and was accompanied by downgrowth of

epidermis which was differentiating into stratum externum.  In

other words, the downgrowth of epidermis appeared to be stimu–

lated  by the presence of an acute inflammatory infiltrate and

halted by contact with either healthy granulation or scar tissue.

Daly and Dasse (1984) hypothesized that mature CO1 Iagen inhibits

epidermal  downgrowth. However, Grosse-Siestl 1P and Affeld (1984)

discussed three reasons why epidermal  downgr lith may not be

inhibited: disturbed CO1 lagen synthesis, disturbed blood supply,

and changing cel lular enzyme activities at the polymer/tissue

interface. Despite the downgrowth observed in the week 12

sample, we bel  ieve that 120-HDPE has Potential as a Percutaneous

implant material in dolphins.

Recent studies by Daly and Dasse (1983) and Grosse-Siestrup

and Affeld (1984) point to the need for percutaneous devices with

different interface materials and surface structures for differ-

ent cutaneous and subcutaneous tissue layers. For example, Daly

and Dasse (1983) developed a percutaneous ener9Y transfer sYstem

108
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Wtatic figures - cells in the process of division, part icularly

during the phase when condensed strands of chromati  n are

visible (metaphase  and anaphase).

Necrotic debris - dead cel Is and fragments of dead cel Is seen in

an area of tissue in ju ry .

Netitrophil  - white blood cel 1 which can release enzymes capable

of digesting tissue components. Their presence in tissues

is characteristic of the early stages of inflammation.

Percutaneous - passing into the dermis through a breach in the

epidermis, and maintaining permanent communication with the

fkin surface.

Pressure necrosis - death of tissue  due to insufficient local

I blood supply.

Purulent  exudate – deposition of pus in tissues or on tissue

surfaces.

Pyknatic  nuclei - a shrunken nucleus with condensed chromatin.

I ‘ndicative of a degenerating cell.

I Rete peg - the portion of the epidermis which projects into the

.
dermis.

I
Sero-sanguinous  exudate - an exudate conta in ing  t issue fluid.

serum and blood cel 1s.

1 Sinus tract - a channel or fistula permitting the escape of pus.

■ Squames  - the outermost scale-like cel  1s of the epidermis.

i Strama - the supporting tissue or matrix of an organ.

1
Ulceration - an excavation of the surface of a tissue produced by

the sloughing of in flammed necrotic tissue.
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A Small Vessel Technique for
Tracking Pelagic Fish

KIM HOLL4ND,  RICHARD BRILL,  SCOIT FERGUSON,
RANDOLPH CHANG,  and REUBEN YOST

Introduction

The advent of ultrasonic telemetry
techniques for monitoring fish move-
ments in the wild has greatly increased
our understanding of the behavior and
physiological capabilities of pelagic fish
(Carey, 1983). The development of pres-
sure sensitive transmitters has allowed
insights into the remarkable pressure
(depth) and temperature tolerances of
these animals while simultaneously re-
vealing their fme-scaie horizontal move-
ments.

Previous tracking studies involving
pelagic species have been carried out
using large f~hing or oceanographic
research vessels. Because of the high
operating costs of these vessels and the

heavy demands on their time, compar-
atively few fish have been tracked. Aso,
the tracks that have been made come
from widely scattered areas. Thus, al-
though valuable data have been acquired
from individuals of several species, only
rarely have enough replicate tracks been
obtained to give a reasonable indication
of the normal daily behavior of a species
in a particular location. Pelagic species
that have been tracked include skipjack
tuna, 13drynnus pekmis  (Yuen, 1970);

yeilowtin tuna, -lhnnus  a[bacares
(Carey and Olson, 1982); albacore, T.
aktlunga  (Laurs et al., 1977); swordfish,

Xiphias  gladius  (Carey and Robison,
1981); blue marlin, Makaira nigm”cans
(Yuen  et al., 1974); mackerel sharks
(Carey et al., 1981); and Atlantic sa!m-
on, Salnro salur  (W.sterberg,  1982).

This paper reports on the develop-
ment of a technique for using a small
vessel for the ultrasonic tracking of
pdagic fish. Our system produces high-
resolution data and is sufficiently adapta-
ble and cost-effective to allow pro-
longed tracking efforts in a variety of
situations. Bxause  of its modest cost,
a small vessel can be dedieated to a
tracking projeet for extended periods.
This permits acquisition of many repli-
cate muhiday  tracks. Thus, sufficient
amounts of data ean be acquired to yield
reiiabie information about the sequen-
tial daily behavior of a target species.
Details of our system and methods have
been included to rdiow other workers to
adapt our techniques to their own needs.

The impetus for develo~ :lent  of our
tracking technique began when the
Honoiuiu  Laboratory of the National
Marine Fisheries Service (NMFS)
Southwest Fisheries Center pioneered

ABSi%4C7-Tmcking  of pelagicjish  has
prwiously been conducted from large re-
search orjishing vessels. both of which are
erpensive to opemte. We have adapted ad-
vances in ultrasonic macking technology to
permit tracking of pelagic jishfiom a srrudl
(33-jbot) vessel. Spartflshing  techniques have
been successjidly  employed lo capwre fish
for tracking.

77re use of a srrra[l vessel has many ad-
vantages inc[uding nraneu verability in con-

ges!ed  arem, rhe obili~ 10 nwk both ofihore
and close to shore, high responsiveness to
changes in Jish behavr”or, and low operating
cosls. Low opera:ing  cosls aliow dre vessel
m be utilized over ertended pen”ods, thereby
permitting replication of experiments. High
qua[iry  data on the venica! and hon”zontal
movements of pelagic fish have been ac-
quired for periods of up to 6 days. i%ese
techniques could be uri[i:ed  to track fish in-

e.rpensively  in a wide mrrge of IocaIions.

the modem use of fish aggregating de-
vices (FAD’s) by deploying several of
these buoys in Hawaiian waters in 1975
(Matsumoto et ai.,  1981). These deep-
water FAD’s have proved to be ve~” ef-
fective and their use has spread through-
out the Indo-Pacific  (Shomura  and Mat-
sumoto,  1982). However, the influences
of FAD’s on fish behavior which result
in the aggregation of pelagic fishes at
these buoys are not understood. Given
the impmtartce  of FAD’s, the high costs
associated with FAD deployment, and
unanswered questions reiating to stock
harvesting and management, we ini-
tiated a project using ultrasonic trarts-
mitters and a small pursuit vessei  to
document the movements of  peiagic

species associated with FAD’s.  To date,

our efforts have concentrated soieiy  on
yellowfin  tuna and bigeye tuna, T
obesus,  with fork lengths between 50
and 75 cm.

Methods

General

Our ~ major objectives when equip-
ping the vessei  were simplicity and
redundancy. The data acquisition and
recording systems were designed to em-
phasize shore-side data processing,
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thereby maximizing the use of on-board
space and equipment for actual acqui-
sition and storage of highquality raw
data. Secondary objectives WE minim-
izing operating costs and.maximizhg
crew comfort, thus improving our abil-
ity to track fish for long durations.

The Vessel

The R/V Kzahelelde is ‘a ~3-f60t
vessel built for the U.S. Navy as a per-
sonnel boat. It was acquired by the
NMFS in 1979 and moWied  for near-
shore fisheries research, primarily
telemetry. As modified, the vessel has
an open-stern deck, a semi-enclosed
centml cabin with engine beneath, and
a fully enclosed forward cabin. The
stern deck is equipped for fishing and
tagging. The central cabin houses the
steering console and an instrument rack
containing the telemetry equipment,
navigation equipment, and radar. The
forward cabin is air conditioned and
contains two bunks, a work bench, an
expendable bathythermograph  (XBT)
system, and a microwave oven.

The vessel is powered by a singIe
screw driven by a GM-6711 diesel en-
gine through an Allison hydraulic
transmission. Two 120-gallon fuel tanks
are backed with a 50-gallon reserve
tank. At cruising speed ( 11 knots), fuel
consumption is 10 gallons/hour, at troll-
ing sped (7.5 knots) it is 5 gaUonsJhour,
and during tracking operations fuel con-
sumption is usually less than 3 gallons/
hour. The main engine alternator sup-
plies a 24 volt main battery which
powers the starter motor, the radar, and
autopilot. Radios, tracking instrumen-
tation, navigation lights, and fathometers
are powered by a separate 12V DC bat-
tery bank. A 7.5 KW 120V AC diesel
generator (Onan)  is housed below a por-
tion of the stern deck and powers the
X3T system, the microwave oven, the
forward cabin air conditioner, and an
automatic 12V battery charger.

Tracking Apparatus

Transmitted
Pressure sensitive 50 KHz ultrasound

,, [Mention of trade names or commereiaJ firms  does
not imply endorsement ty the National Marine
fisheries Service, N O A A .
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Figure 1.—The  directional hydrophore is shown with fiberglass faring re-
moved. Holes in the faring permit attachment to hydrophore body and allow
water to flood the space between the hydrophore and the faring. The hydro-
phore sidep[ate  has been removed to show hydrophore and preamplifier.

transmitters were purchased from Vem-
CO, Halifax, Nova Scotia. Two types of
transmitters have been used, one with
an expected operation life of up to 22
days and the other with nominal ex-
pected life of 3 days. We have found
maximum open ocean operating ranges
to be about 0.8 miles for the 3-day tags,
and about 6.5 miies for the Z-day  tigs.
The transmitters are pressure sensitive
such that the pulse frequency of the 50
KHz carrier signal is directly propor-
tional to increasing pressure (depth).
No~al operating range is zero (surfice)
to 50Q psi (370 m depth). The 22-day
duration transmitters are cylindrical (8.0
cm long and 1.6 cm diameter) and weigh
27.7 g in air and 11.7 g in seawater. The
3-day duration transmitters are of
similar specifications. The transmitters
are equipped with magnetically operated
reed switches for rapid activation and
have a nyIon loop at one end for use in
attachment to the fish (discussed later).

Receiven

The 12V DC amplifier/receivers (CR-
40, CAI Co.) are matched to the trans-

mitters with 50 Ki-lz crystal-controlled
oscillators. These receivers ampli~ and
convert the telemetered pulses into an
audible signal. Two receivers were in-
stalled on the vessel in case one of the
units failed during a track.

Hydrophore

The ciirecticmai ily.d iG@OiiCS WCiC2

also manufactured by Vemco. However,
a small but very significant modifica-
tion was made after delivery from the
factory. This modification involved the
fabrication and installation of a 2 mm
thick fiberglass faring over the leading
face of the hydrophore (Fig. 1). This
faring serves to protect the actual sen-
sor from physica[ damage and, more
importantly, reduces noise generated by
water passing over the hydrophore. The
signal/noise ratio is improved to such an
extent that, usable data can be acquired
at boat speeds in excess of 7 knots. We
can therefore track and acquire depth
data from fast moving fish. The faring
also allows the boat to be driven at 11
knots without damage to the hydro-
phore. No reduction in operating range
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Figure 2.—Hydrophone Mounting. Top:
The tracking hydrophore is in retracted
position. Two triangular aluminum
brackets mounted above the waterline
allow the hydrophore 10 be lifted out of
the water when not in use. Bottom: The
hydrophore mount ing pole is lowered
through the support brackets to a posi-
tion in which the hydrophore is clear of
Ihe keel and is unaffected by turbulence
from [he boat hull.

was observed following installation of
the faring.

The hydrophore is braced within a
stainless steel bracket bolted to the end
of a 10-foot length of l-inch I.D. gal-
vanized pipe. The shielded cable from
iki  hydrophore iU  ik anipiifkr  is
threaded through the pip Shielding the
ctibie is necessary to reduce radio fre-
quency interference.

The hydrophore mounting pipe is de-
ployed amidships using two triangular
brackets, constructed of I-inch I.D.
aluminum tubing, which are bolted, one
above the other, through the hull above
the waterline. The pole is free to slide
through the bracke~ and is held in place
by thumbscrews. Thus, the hydrophore
can be lowered for tracking and raised
out of the water when nor in use. This
outri~er type of mouming  allows the
hydrophore to run about 5 feet below
[h: surfkcc and 6 feet to the side of the
keel where it is unaffected by water tur-

bulence generated by the hull (Fig. 2).
During tracking, the hydrophore is
secured facing forward in parallel with
the keel of the boar, and localizing the
transmitter (i.e., the fish) is accom-
plished by turning the vessel.

Depth Data Logging

A data processorlfrequency  counter
(Telonics,  TDP-2) is connected to the
audio output of the receiver. This pro-
cessor unit provides a digital display of

the inter-pulse interva  - which -is re-
corded manually at regular intervals and
which gives an immediate indication of

the fish depth and any changes in be-
havior. A cassette tape recorder is also
connected to the audio output of the
receiver. This provides a continuous
record of the telemetered depth data for
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tine-scale plotting and analysis ashore. mine the vessel’s position during track-

Navigation ing. The primary navigational reference
is by bran C (Fut-uno  LC-80). This

Three types of fixes are used to deter- unit provides latitude and longitude in-
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center of the transom. The cradle is a
foam-lined, “V’ ‘-shaped trough with
one side hinged to allow variable gape
to accommodate fish of different sizes.
The fish to be ta~ed is lifted aboard,
lightly wedged into the cradle and its
eyes covered with a wet chamois cloth.
These procedures are usuaily  sufficient
to immobdize  the fish. Once aboard,
species identification is verified, the
hook removed, and mouth damage
assessed and the fish length measured.
Handling is performed without gloves
which remove large amounts of mucus
from the fish% surface.

Using the nylon loop embedded in
one end of each transmitter, the unit is
attached to the dorsal surface of the fish
(adjacent to the second dorsal fin) using
nylon “tie-wraps.” These are inserted
through the dorsal pterygiopho~  using

Figure 3.—The ultrasonic transmitter is attached to the dorsal surface using sharp&wd  hollow ‘bra;; n&iies.  Tw;
two nylon  tiewrarx  inserted throurzh the dorsal musculature and PteryEio- tiewraps are used per fish; one passing.-
phore~. “

formation and also the vessel’s course
and speed. These latter data are usefid
in subsequent onshore analysis of the
fine-scale movements of the fish. The
waypoint storage capability of this unit
also permits instantaneous information
about the vesseI’s  current position rela-
tive to starting or other important (e.g.
FAD) positions. Supplementary visual
fixes on charted landmarks are made
using a hand-bearing compass or sex-
tant. These visual fixes are made hour-
ly to ensure the accuracy of the Loran
C positions. The 24V DC radar unit is
used to acquire accurate distances to
landmarks or FAD’s.

Oceanographic Information

Knowledge of the thermal structure of
the ocean is essential to interpretation
of the movements of the fish. Tempera-
ture data are acquired using a 1 IOV AC
expendable bathythermograph (XBT)
system (Sippicon, Mass.). The XBT
probes are deployed about every 3 hours
or whenever the fish being followed
moves into new waters (e.g., onshore to
offkhore). A bucket thermometer is used
to verify the accuracy of the XBT sur-
face temperatures.
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Water current direction at FAD loca-
tions is determined by visual inspection
of plastic streamers attached to the
FAD’s mooring chain. When operating
in inshore areas (<100 fathoms) a fath-
ometer  is used to record ocean depth

and to assist in determining geographic

position.

The research vessel is equipped for
both handline (drift) fishing and troll-
ing. To date, most fish have been caught
trolling. Artificial trolling lures tailored
to the size of the target species are used
with sifigle “J’ ‘-type hooks. Large reeIs
(14/0, Penn Reels, Pennsylvania) and
130-pound test line are used so that the
fish can be reeled in rapidly to reduce
capture stress. The reels are set with
very light drag to reduce injury to the
fish’s mouth. After the initial strike and
run, the drags are tightened and the fish
brought to the boat as quickly as possi-
ble. Occasionally, the fish are towed
behind the slowly moving vessel while
the remaining fishing gear is retrieved
and the stem deck prepared for tagging.

The tagging cradle is located in the

through the transmitter loop, the other
half way along the transmitter’s length
to prevent the transmitter from wobbling
from side to side. After insertion
through the musculature, the tie-wraps
are cinched down and trimmed (Fig. 3).
The fish is then released. The entire
operation requires the fish to be on
board between 1 and 2 minutes.

Tracking Techniques

Testing of the transmitter/receiver
system i~as demonstrated that maximum
operational range is between 0.25 and
0.8 n.mi., depending on the type of
transmitter being used. Furthermore, we
have established that maximum deflec-
tion of the signal amplitude meter on the
CAI receiver occurs when the transmit-
ter is within about 200 m of the vessel.
Consequently, during tracking we at-
tempt to keep the fish at just the distance
where maximum gauge deflection oc-
curs. This gives us added confidence in
the accuracy of our tracks and also that
we are not unduly “crowding” the fish.
The directional hydrophore (and there-
fore the boat) is kept pointed at the fish
by maximizing the audio output of the
receiver. The small size of the vessel
permits rapid changes of direction and
rapid identification of the direction of
the signal. Due to the noise reduction
resulting from the installation of the
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hydrophore faring, a ftshcanbepur-
sued at up to 7 knots if it appears to be
drawing away. At higher pursuit speeds
depth data rwording  must be temporari-
ly suspended because the noise of water
rushing past the hydrophore mask the
transmitter’s signal.

Data Acquisition

During tmcking, four types of data are
acquired: 1) A continuous tape of fish-
depth data from the audio output of the
CAI receiver, 2) water depth/tempera-
ture profdes (XBT), 3) water depth, and
4) navigational data. Navigational data
are recorded every 10 minutes and in-
clude: 1) Tree, 2) headinglengine RPM,
3) Loran C frees, and 4) visual and radar
fixes (usually taken hourly). When close
enough to a FAD, its range and bearing
from the vessel are also recorded every
10 minutes. A narrative commentary is
compiled to assist in subsequent data
analysis.

Data Analysis

Vertical Da&a

Figure 4 summarizes the ~stem  for
acquisition and analysis of vertical
movement data. Once ashore, the re-
corded information is played from the
cassettes into a Telonics TDP2 Data
Processor. This processor is modified
to output a +5V DC square wave each
time a sound pulse is detected. A Hew-
lett E%ckard (HP) frequency counter
(HP5308A)  is used to time every other
pulse intetwal. An HP 9845 computer
with real-time clock converts the pulse
intervals to depth and plots a graph of
depth versus elapsed time. This original
hard copy of the fish’s swimming depth
contains some erroneous points which
are eliminated @ tracing the depth-time
profde on an Apple computer digitizer
pad. This “cleaned” track (where depth
is plotted every 10 seconds) is then
stored on floppy disks prior to final plot-
ting and analysis. Bathythermograph
temperature profiles are su~rimposed
on the final printouts (Fig. 5).

Honwntal  (Position) Plotrittg

Because of the proximity of,the track-
ing vessel to the target fish, no attempt
is made to distinguish between the posi-
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Figure 5.—A 45-minute vertical movement plot. Continuous recording of
vertical movement data on cassette tapes allows both fine-scale and large
phenomena to be discerned. Superirnposine  XBT data indicates that the swim-
ming depth of this bigeye mna is strongl~ influenced by the 15° and 17° C
isotherms. Depfh data of this type are recorded for the entire duration of each
track.

tions of the two. Plots are made on mvi-
gation and bathymetry  charts based on
Loran C positions rezorded manually at
sea. These relative positions are
checked against the visual and radar
fixes that were concurrently collected.
Where applicable, fhthometer  readings
are used as cross retkrences  fir the other
navigational data. Fiie-sc.ale mcwements
of fish in the immediate vicinity of
FAD’s are plotted using manual records
of the buoy’s range and distance relative
to the vessel.

Results

Since the installation of the tracking

equipment in its current form, we have
acquired 11 tracks of yelkmvfin tuna and
2 tracks  of bigeye tuna that were caught
near FAD’s or near the adjacent coast-
line. The duration of the tracks ranged
from 8 hours to 6 days.

All but one of the fish was caught by
trolling. The small (6/0) size of hooks
and light drag settings result in com-
paratively minor hook wounds. In only
one instance has a fish died immediate-
ly upon release. All others have shown
rapid recoveries to, what we believe,
based on consistency within and across
samples, is normal behavior. None of
these tracks have been terminated due

Marine Fishen”es  Review
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~Purc  {).—finc-scal~ hori~n@l  plo~ipg- ~mn C, ra~ac and visuai fixes allow fine:scale movements to be pIotted.
A ~~r arriving  ~1 FAD “V’” off Of Walanae,  @hu,  this 55 cm YelIOwfin tUrra Spent about 85 percent of the next 5
I,,,lJrt {In lh~ upcurrcnt  side of the buoy. The “Figure 8“ movement of the buoy can also be plotted.

I() dca!h of ihc fish.
Cuptivc fish tawcd  with the “double

tit-wrap” method  and observed in large
twlks at lhc Kcw~k~ Rcscwch Facility of
t!, x .\l ES }{onoj uj u La’boraiory -were
.,’. !; iwi rn normal 1 y with the school
:tIILl  up~~itrti  healthy after the Z-week
(it >swvation  ~t-iod  ended. In addition,
u fimuitous  r%ovcry ot”a tagged fish by
a fisherman attcs~s to the suihbility  of
{Wr lrolling/W=ing &hniquc.  This fish
was ‘cmtght @ a flshcrman  troj Iing near
~ I’AD 3 WeC~S  af~r wc obtained a 36
~l~;{tI [nick of i(.

Di.swssiorr
,<l!h[,~]gh ~]most  ~]1 ~lf the @hnology

UW~ rporiited  in tie Currcrlt  research had
~WCn previously dCVC@Cd and utilized
t:; Whcrs,  we feel we have made signif-
l~wu advances in sumcssfully  adapting
~},,:.< {cchnique5  to ~ smal ] Ws-SCl. AIsO*
t!x si)i]itY to c~d= ~lagic, highly
f:.shIlc  fi~h aI 7 ~o~ in the open Ocean

and still simultaneously collect vertical fixes and radar ranges, small-scale
movement data is an innovation. We movements of both the fish and FAD’s
believe that our cassette recording and can be plotted. fiowl~ge  of tie reia.
subsequent pIotting of the vertical move- tionship between signzd ampIitude and
rnent t!ata kzs pmdticed  higher reso!w transmitter distance lends confidence to
tion vertical movement data than have the precision of the small-scale piots.
previously been published. The con- The smail size of the tracking vessel
tinuous depth record has revealed phen- has proved to have several advantages.
omens (such as rapid vertical excursions For exampie, while able to pursue fish
and small scale oscillations) that man- in the open ocean, the maneuverability
ttally Collected data would have missed of the vessel has also permitted unobtru-
(I%gi  5). When the X13T data are super- sive data collection even when in the
imposed on the tracks, -much of the ver- midst of many other vessels fishing at
tical behavior shows correlations with the FAD locations. Also, fish have been
temperature (Fig. 5). Similar tempera- trackcd  to within 200 m of shore where
turc influenced behaviors have been Iarger vessels could not safely. go.
observed in bluefin tuna, llutuuis thytz- Similar situations occur in other loca-
rtus (Carey and Olsen, 1982). tions such as straits, bays, lakes, and

The Loran C systcm  of geographic estuaries where tracking studies might
plotting, when referenced with visual be worthwhile but where large vessels
fixes, provides high resolution position- would be too cumbersome. A vessel
ing of both large-and small-scale move- such as ours is capable of continuously
ments  (Fig. 6). When Loran informa- following a fish both when it is moving
tion is used in conjunction with visual

-. =_. _
in inshofi  (e.g., estuarine) waters and
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also when it moves offshore where it
would be beyond the range of fixed
hydrophore arrays or of very small
vessels such as skiffs.

Of course, small vessels are not suit-
able for mid-ocean work or offshore
locations beyond refueling range. How-
ever, they could be used very success-
fully in association with a larger mother
ship which could be performing other
tasks while the small pursuit vessel was
tracking.

The comparatively low hydrodynamic
and mechanical noise generated by our
small hull allowed the hydrophore to be
attached directly to the side of the boat,
thereby precluding the need for complex
towed arrays such as have been deployed
in some other tracking studies which
used large vessels. Similarly, because a
smail vessei is very maneuverable and
can accelerate quickly, the hydrophore
can be permanently locked in an orien-
tation parallel with the keel and the en-
tire boat turned to accomplish main-
taining” contact with the target f~h. This
high responsiveness eliminates the need
for rotatable or multi-head hydrophore
systems such as have sometimes been
used in the past.

Much of our tracking work has been
conducted out of small boat harbors
with depths of 2 fathoms or less and
which would have been inaccessible to
larger fishery research vessels. Each 24
hours of tracking consumes about 70
gallons of fuel. At this rate our vessel
can track for at least 3 days without re-
fueling, which can be conducted at any
nearby small boat harbor. We have
found crews of three sufficient for all
phases of the field work. This, com-

bined with the low fuel costs, makes  the

total operating cost of each tracking ex-

pedition extremely modest when com-
pared with the $5,000 to $15,000 daily
costs of large research vessels or com-
mercial fishing boats. Our modest ex-
penses emble the vessel to be dedicated
to the tracking project for extended
priods. This allows replicate tracks of

.
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diffkt-ent qecies  from vanous_@ations.
Also, because the vessel is committed
to the tracking project full time, we can
take advantage of short term increases
in fish abundance and avoid fishing
when fish are not abundant. Our abil-
ity to use sport fishing techniques to ob-
tain fish for tracking indicates that labor-
intensive trapping methods or expensive
bait-boat techniques are not obligatory
for a successful tracking program.

The small size and modular nature of
the actual tracting  equipment .is such
that it could be quickly installed on
aImost  any suitable vessel. The major
installation requirement is the bracing
of the hydrophore brackets to the hull.
However, since the bracket mountings
are well above the water line, even this
aspect of the installation could easily be
repaired when the tracking is com-
pleted. The availability of an AC power
generator has proved to be essential. Not
only does this provide XBT capabilities
but also allows improvement in crew
facilities such as hot food and air con-
ditioning.

The two major limitations of our
system are fuel capacity and crew
lbtigue. We have solved the former by
refueling during prolonged tracks.
However, this technique may be unique
to our project because of the proximity
of small boat harbors and the rhythmi-
city of behavior of some of our fish
which has allowed us to relocate them
after temporary suspension of tracking.
Crew fatigue is inevitable with a small
vessel after  a few days on water. We feel
that in our case this could be substan-
tially remedied by using only a slightly
larger vessel (e.g., 4045  ft) which
would be somewhat more spacious and
comfortable and yet which would retain
the desirable characteristics of maneu-
verability and low operating costs.
Another possible technique would be
the use of a shuttle vessel to exchange
crews on the pursuit vessel.

We are currently unable to be com-
pletely sure whether or not the fish

(“

being tracked is traveling alone or in
a school. We f-l this shortcoming will
be rectified by the installation of a
chromoscopic  fish tinder.

In general terms, however, we f-l
that we have developed a cost-effective
technique fix acquiring high-quality
tracking data which could be adapted to
a range of small vessels operating in a
variety of situations and locations. This,
in turn, will result in a significant in-
crease in our understandimz of the nor-
mal behavior of commercially important
fish species about which not much is
currently known. Such an increase in
our understanding will improve both
management and fishing techniques
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SUMMARY

MARINE MAMMALS AND THE BIOSPHERE—  — ——

REPORT

OF THE CONFERENCE

ON THE

USE OF REMOTE SENSING

OF

MARINE NAMMALS

Daniel  B. Botkin
Larry Hobbs
John Kelly

Erene V. Pecan

Santa Barbara Institute for Environmental StudieS
March 21-22, 1981

Santa Barbara, California

Sponsored by

The Center for Environmental Education
Washington, D.C.

A conference on the use of remote sensing for the study and

management of marine mammals was held on March 21 and 22, 1981

by the Santa Barbara Institute for Environmental studies in

Santa Barbara, California. The conference, sponsored by the

Center for Environmental Education of Washington, D.C., brought

together more than twenty experts from the United States and

Enqland. Topics discussed included: (1) the possibilities for

remote sensing of marine mammals: (2) w h y  a v a i l a b l e  t e c h n i q u e s

have not been fully utilized in the past; (3) the role of marine

m a m m a l s  in g l o b a l  e c o l o g y  a n d  in w h a t  w a y  t h e  s t u d y  o f  t h e  .

distribution  a n d  a b u n d a n c e  o f  marine m a m m a l s  is significant  to

an understanding of life from a planetary perspective; and (4)

the potentials of remote sensing in the management and

conservation of these animals. Several recommendations emerged.

These are:

1. A program of research should be established to determine the

relationship between major global variables and the

distribution and abundance of marine mammals.

2. The feasibility of detecting marine mammals or marine mammal

populations in their centers of distribution using remote

sensing should be explored.
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3 . In particular, the feasibility of detecting whale

populations with remote sensing in the southern oceans

adjacent to the Antarctic continent should be determined.

Special attention should focus on requirements in terms of

wavelengths, spatial resolutions and temporal sampling, and

cost-effectiveness vis-a-vis surface sampling.

4. Existing information concerning habitat selection by

different species of marine mammals and the co-occurrence of

certain oceanic phenomena with their distribution should be

coupled with remote sensing of marine mammals by aircraft

and satellite to determine their abundance (particularly at

their centers of distribution), and to provide technical

support for major management issues.

5. A program should be established to quantify the fluxes of

carbon, nitrogen and phosphorus in the major upwelling

regions. In particular these fluxes should be determined for

the ice-dominated southern oceans and boreal seas because

they are among the major areas of oceanic productivity, and

b e c a u s e  m a n a g e m e n t  issues  c o n c e r n i n g  t h e  p r o d u c t i o n  a n d

harvesting of organisms of commercial value focus, to a

l a r g e  e x t e n t , on these oceans.
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6.

7.

8.

9.

10.

A program should be established to determine

re la t ionship  be tween temporal  changes  in the

t h e

antarctic and

arctic sea

and boreal

production

scientific

ice, the upwelling  of nutrients in the southern

oceans, the production of plankton, and the

of pinnipeds and whales. The marine mammal

community should:

a ) consider how to use existing data sets and

b) explore the use of the new techniques.

Remote sensing should be investigated and tested for its

ability to provide correlative measures of the spatial and,

temporal patterns of arctic and antarctic ice packs, ocean

water characteristics, and occurrence of phytopl+nkton  and

zooplankton patches.

The combination of knowledge of habitat selection by

different species of marine mammals  should  & coupled with

remote sensing by aircraft and satellite to determine

abundance by species especially in the southern oceans and

b o r e a l  s e a s .

The potential of geostationary satellite receivers for data

collection, particularly of the radio tracking of marine

mammals, should be investigated.

The available observation techniques should be employed in

concert, as a “hierarchy of information systems”, each

3
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providing information at a certain temporal and spatial

scale.

11. A lead agency is needed for the technical development of

remote sensing of marine mammals; NASA should be this lead

agency.

INTRODUCTION

There is a growing recognition that life on the Earth is

indeed a planetary phenomenon, that the properties of the

I Earth’s  a tmosphere,  oceans and sediments  have been greatly

altered in the past and are, to a great extent, determined by

life.

!

On the other hand, there is also a growing recognition

that life is sustained over a long period by a planetary-scale

system; it is the interactions of the Earth’s major regions in

~ the cycling of chemical elements and flux of energy that

I provides a system in which life persistsfl a system called the

Biosphere (meaning that part of the Earth where life exists).

In this large–scale living system, there are few creatures

that migrate over great distances, experiencing a great variety

of the Earth’s regions. Along with human beings and migratory

birds, marine mammals are the Earth’s great wanderers. Some of

the great whales, for example, move annually from the troPics  tO

the polar regions. As such, marine mammals are biological

indicators for most of the world’s oceans, for basic ecological

processes, and for changes in these processes; the extent to

which they can function as such indicators is not known, They

may affect global ecological processes in a significant way; the

extent of this effect is also unkown.  Thus it would seem that

the marine mammals have a special place in the biosphere.

4
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Among living creatures,

abundant. For example, there

some marine mammals are relatively

are more than a million harp seals,

and more than 15 million crabeater seals, worldwide; some of the

porpoises and dolphins are thought to number in the tens of

millions. However, all marine mammals together represent a small

fraction of the material in the biosphere or even of the total

living organic matter.

An intriguing question is, “To what extent do marine

mammals play a major role in marine ecosystems and in the

biosphere as a whole?” On a local basis, some marine mammals

have a great impact. For example, along some areas of the

Alaskan and California coasts, sea otters greatly alter the

abundance of kelp and of shell fish and have an indirect

influence on many other marine organisms.

On a regional basis, scientists conjecture that marine

mammals may have had a major effect on the abundance of other

species. For example, high latitude oceans such as the Bering

Sea and southern ocean which surrounds the Antarctic Continent

are among the Earth’s major areas of marine biological

productivity, and are major feeding areas for several species of

whales and seals. It is speculated that commercial harvesting of

whales in the southern ocean during the 19th and 20th centuries

may have greatly altered the abundance of krill which is the

food for whales, indirectly

seals which, along with the

southern oceans.

affecting the abundance of birds and

whales, feed on krill in the

6
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coastal impact of sea otters in the Northern

the possible large scale effects of whales in the

raise the possibility that marine mammals might

h a v e  even larger  sca le  g lobal  ef fec ts  on  the  b iosphere .

Therefore, the relationship between marine mammals and global

ecological phenomena  is a topic that might be of considerable

importance to the study of life from a  p lanetary  perspect ive .

As n a t u r e ’ s  g r e a t  w a n d e r e r s ,  marine  mammals  may  be

integrators of global variables, and may serve as indicators of

the s t a t u s  o f  c e r t a i n  f a c t o r s  o f  g l o b a l  c o n c e r n .  F r o m  a

practical standpoint, the study of the occurrence in marine

mammals of various environmental toxins produced by modern

technology might aid our understanding of the fate of these

compounds in the sea. The presence of such compounds in marine

mammals may indicate atmospheric and oceanic fluxes of these and

other materials.

Compared to other species, whales, in particular, have an

a l m o s t  g l o b a l  r a n g e  and, a l o n g  w i t h  o t h e r  m a r i n e  m a m m a l s ,  a r e

likely to be affected by events at a global scale. Many marine

mammals feed in major upwelling areas and in high latitude ‘

regions near ice packs. Factors much more readily measured by

remote sensing than marine mammals themselves, such as the

distribution of the ice, pack, ocean temperature and currents,

and the distribution of phytoplankton pigments serve as

important determinants of marine mammals’ migration and

persistence, and of their distribution and abundance. Studies of

the changes in these factors could serve as an aid in the

7



understanding of the distribution and abundance of marine

mammals.

As indicated by the more than 70-year history of the North

Pacific Fur Seal Commission, the 20-year history of the

International Whaling Commission, of international treaties

governing the harvesting and management of seals and other

marine mammals, and by national laws such as the U.S. Marine

Mammal Protection Act of 1972, marine mammals are of important

concern worldwide. While there is much interest in the

conservation and wise management of these animals, little is

known about the factors that determine their distribution,

abundance, population growth, and survival.

THE CONFERENCE

~ Purpose

For more than a decade remote sensing* has been discussed,

examined and used from time to time in the study of marine

mammals. In spite of its great potential, remote sensing remains

greatly under-utilized. Its practicality has been questioned,

funding limited, and communication among agencies and

administrators about the utility of the available techniques

sorely lacking.

*A technique for mon

electro-magnetic rad

toring the earth’s resources utilizing

ation that is reflected, emitted, or

absorbed by the earth’s surface, and measured from air or space

platforms.

8

Because  r emote

m a j o r  a d v a n c e s

sensing seems to offer the

in the study or management

greatest hope for

of many marine

mammals,  scientists who study these organisms must work together

to promote the funding, further development, and implementation

of remote sensing. For these reaaons,  a conference was convened

to explore the means by which a more complete and integrated use

of remote sensing of marine mammals can be advanced. The

conference on the use of remote sensing for the study and

management of marine mammals was held on March 21 and 22, 1981

by, the Santa Barbara Institute for Environmental Studies in

Santa Barbara, California. The conference, sponsored by the

Center for Environmental Education of Washington, D.C., brought

together administrators of programs related to life from a

planetary perspective, administrators of programs dealing with

the management of biological resources, scientists involved in

remote sensing of planetary scale phenomena, experts in the

biology of marine mammals and experts in the use of certain

specific techniques already employed in the study of marine

mammals. The topics discussed included: (1) the possibilities

for remote sensing of marine mammals; (2) why available

techniques have not been fully utilized in the past; (3) the

role of marine mammals in global ecology and in what way the

study of the distribution and abundance of marine mammals is

significant to an understanding of life from a planetary

perspective; and (4) the potentials of remote sensing in the

m a n a g e m e n t  a n d  c o n s e r v a t i o n  o f  t h e s e  a n i m a l s .

9
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Present Techniques

Among the techniques that have been used to mark and follow

m a r i n e  m a m m a l s ,  t o  s t u d y  t h e i r  d i s t r i b u t i o n  a n d  bebavior, and to

e s t i m a t e  their abundance  are : (11 direct visual observations;

(2) identification of individual whales by natural marks on

their bodies; (3) attachment of passive markers; (4) attachment

of radio markers; (5) remote sensing, including UV, IR, and

visual photography from aircraft; and (6) the use of indirect

indices such as the presence of food or of ice floes.

Radio tags, although difficult to implant and often short

lived, have yielded new insights into the biology of marine

animals. In the last five years important advances have been

made in the technology of these tags which, in some cases, have

already yielded significant new information.

The entire suite of remote sensing techniques, coupled with

current knowledge of the biology and ecology of marine mammals,

and their relationship to physical and environmental chemical

factors, could be used to provide significant advances in the

study of these organisms. On the other hand, a study of the

ecology of marine mammals without remote sensing is likely to

yield relatively little information at great expense.

General  Information N e e d e d

In spite of their large

difficult to study. They are

deeply, and are difficult to

individual size, marine mammals are

elusive; they move quickly, dive

recognize as individuals. Although

they have been studied for

populations for which even

Iv
u-l
0

decades, there are few marine mammal

the most basic aspects of their

ecology are well understood.

Information needed to understand the population

distribution, temporal changes and the ecology of marine mammals

include:

Oceanic characteristic such as ocean water temperature

profiles, concentrations of chlorophyll, and correlations

b e t w e e n  t h e  d i s t r i b u t i o n  o f  marine mammal s p e c i e s  a n d  o t h e r

oceanic properties.

. Frequencies of appearance, geographic location of mammals,

and relationship of these locations to other features of the

environment.

Group size, sex, and size structures of populations (that

is, the relative number by sex and by size within a group or

within a population), and migratory Patterns including rates

of travel, and  location of major feeding and breeding areas.

There  is some evidence  f rom recent  s tudies  tha t  chlorophyl l ,

as an index c o n c e n t r a t i o n  of phytoplankton, may  be

c o r r e l a t e d  with the distribution of certain marine m a m m a l s .

In addition, oceanic habitats of marine mammals may be

correlated with ocean temperature and salinity gradients,

and these may be observed remotely to provide evidence of

the locations of marine mammal habitats.

. Annual pattern of oceanic ice packs. This is of particular

interest because it can be readily observed from satellites

and has been done so from a number of weather, military, and

11



r e s e a r c h  s a t e l l i t e s . Because some marine mammals feed at the

e d g e s  o f  i c e  p a c k s ,  a  k n o w l e d g e  o f  their  a n n u a l  p a t t e r n s  m a y  b e

a useful correlative in the study of the distribution and

abundance of marine mammals.

Recommendations______ ----- ----

Several recommendations emerged. These are:

1. A program of research should be established to

determine the relationship between major global  variables

and the distribution and abundance of marine mammals.

2. The feasibility of detecting marine mammals or marine

mammal populations in their centers of distribution using

remote sensing should be explored.

3. In particular, the feasibility of detecting whale

populations with remote sensing in the southern oceans

adjacent to the Antarctic continent should be determined.

Special attention should focus on requirements in terms of

wavelengths, spatial resolution and temporal sampling, and

cost-effectiveness vis-a-vis surface sampling.

4. Existing information concerning habitat selection by

d i f f e ren t  spec ies  o f  mar ine  mammals  and  the  co -occur rence  o f

c e r t a i n  o c e a n i c  p h e n o m e n a  w i t h  t h e i r  d i s t r i b u t i o n  s h o u l d  b e

coupled with remote sensing of marine mammals by aircraft

and satellite to determine their abundance, particularly at

their centers of distribution, and to provide technical

support for major management issues. An important example iS

the relationship of whales, seals, and other consumers to

12
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5. The production

marine mammals

major nutrient

6.

of krill in the southern oceans.

and distribution of food organisms for

are ultimately determined by the fluxes of

elements

such as temperature and

established to quantify

phosphorus in the major

and of physical oceanic conditions

water flow. A program should be

the fluxes of carbon, nitrogen and

Upwelling regions. In particular,

these fluxes should be determined for the ice-dominated

southern oceans and boreal seas because they are among the

major areas of oceanic productivity, and because management

issues concerning the production and harvesting of organisms

of commercial value focus, to a large extent, on these

oceans.

A program should be established to determine the

relationship between temporal changes in the antarctic and

arctic sea ice, the upwelling  of nutrients in the southern

and boreal oceans, the production of plankton, and the

production of pinnipeds  and whales. A four-year data set

exists that would allow a preliminary analysis to be carried

out. The analysis could determine the feasibility of

establishing a remote sensing program in conjunction with

other efforts, such as the BIOMASS program, to facilitate

the identification, distribution, abundance and productivity

of krill and other important species in the southern oceans.

Advances have been made in the last decade in the passive

and active remote sensing of oceans and ice, including

microwave, radar, etc. The marine mammal scientific

13



b
o

..2
c
o

. .

i
E

3
al
c

wo a
c
m

.
w
a)

wo

uoc
o
.+

.

ii
E

.
u
!4
al
u
c
o
$.J

al
3
M
ml
E .2 u

o

0.
m.

I- 03



A - 3

a n d / o r  u s e  o f  o p t i o n a l  t i m e s  t o  m i n i m i z e  p o w e r  e x p e n d i t u r e . F o r

e x a m p l e ,  m i c r o - p r o c e s s o r s  c o u l d  b e  p r o g r a m m e d  w i t h  o r b i t a l

p a r a m e t e r s  t o  e n a b l e  t r a n s m i s s i o n  p e r i o d s  t o  c o i n c i d e  w i t h

Satellite  o v e r p a s s e s .  A d d i t i o n a l l y ,  t h e  control  of d u t y  ~YCle

(e.g., 4 hrs/day) could be optimized through the knowledge of

behavior patterns to reduce wasted expenditure of energy.

Improvement in power efficiency and overall performance is

heavily contingent on antenna performance. Techniques and

configurations that offer efficient radiation patterns

appropriately oriented for surface, aircraft or satellite

application.S and are inherently independent, or decoupled from

background surfaces, Must be developed and tested. TO the extent

possible, simulations should be carried out. Failure to address

this issue would result in systems exhibiting frequent loss of

communications (outages) or requiring higher power transmitting

systems to compensate for pOOK antenna performance. High-gain

ADF aircraft receiving antennae for high frequency (HF) bands

need to be developed.

The addition of telemetry to radio tags on animals is

needed to provide concurrent information on environmental

(depth, water temperature, etc. ) and physiological (heart rate,

c02 ’ etc. ) parameters. Development is needed of suitable sensors

for such measurements, and systems of temporary storage (and

integration, sequencing, etc. ) of this information in the tag,

as well as ways of delivering the data (encoding the tag

signals) . Complementary decoding systems Eor the tag-receiving

SySteMS are also needed.

For surface and aircraft monitoring at very high frequency

A - 2

In general, processing times, data quality, etc. from

satellites are not critical problem areas. Improvements aimed at

eaaing requirements or specifications imposed on animal packages

are important. For example, improvements and/or modifications of

algorithms that permit location with less stable oscillators to

achieve comparable accuracies would be invaluable. changes or

alterations that permit reductions in accuracy are also

worthwhile in many applications.

A refinement that would be useful when significant numbers

of signals from conventional radio tags are to be received by a

single receiver is the addition of identifying characteristics

to the transmitted signal to permit distinguishing between tags,

i.e., individual animals. This identification is implicit in the

requirements for satellite systems (ID coding).

Although power sources are available for short term radio

tracking, improved efficiency of battery power sources to

increase lifetime and reduce size and weight requirements of

packages  is in all cases desirable. It is recommended that

research be initiated to explore new technology and evaluate

existing devices for improvements, to investigate the

feasibility of development of alternate energy sources (e.g.,

salt water, temperature differential, mechanical to electrical

conversion, etc. ), and to determine degradation in efficiency of

solar cell charging over extended periods within the marine

mammal environment.

A useful and available technique for achieving extended

lifetime combined with reduced size and weight is thorough,

intelligent utilization of energy through reduced duty cycles
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(VHF), the need exists for rapid-responding automatic direction

finders such as those available at HF ranges to determine

bearing during short surface periods. For orbiting satellite

systems, the location function is inherent. In the case of

satellite systems, improved receiver sensitivity would reduce

the equivalent Lsotropic radiated power (EIRP) required to be

produced by the radio tag thus making it easier to live within

weight, size and power constraints. For example, a reduction of

required EIRP by a factor of two translates directly to a

reduction of battery size by a factor of two, all else remaining

equal. The satellite receiving system capacity may need

expansion if reliable satellite transmitters become available

for animal tracking.

The requirements for radio tag attachment systems fall into

two categories, depending on the desired duration of the study:

s h o r t - t e r m  o r  l o n g - t e r m . The attachments now in use appear to be

sufficient for short-term studies (days to two or three months).

For long-term retention in animals, however, there needs to be

careful assessment of the effects of attachment mechanisms on

the animal tissues, materials of the tags, and’methods of

application. Studies should be initially conducted on laboratory

animals, such as pigs, along with detailed studies of rejection

mechanisms in cetacean skin and blubber. Then, from these

assessments, shapes and materials should be chosen to minimize

the effects that contribute to tag rejection and hydrodynamic

drag and to encourage natural processes that would help hold

tags in place. A 13-month tag retention is suggested as the

optimum goal for a long-term tag.

Consideration should be given to further

applications of sonic tracking techniques for

fw
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developing

localized

movements, either by direct data collection from surface vessels

or by buoy data collection and retransmission to satellites.

Efforts should be made to investigate the use and

improvement of geostationary  satellite receivers in order to

m a k e  it p o s s i b l e  t o  e m p l o y  their d a t a  c o l l e c t i o n  capabilities t o

t r a c k  marine m a m m a l s  a n d  t o  b e n e f i t  f r o m  t h e i r  c o n s t a n t

visibility.

Automated data collection equipment should be developed for

use with conventional aircraft and surface radio tracking

receiving systems which will couple with and record receiving

platform navigation parameters.

Because the most enduring systems for supporting radio

tagging are the operational Data Collection Systems (DCS)

operated by NOAA in cooperation with France (Service ARGOS), a

more precise definition of the criteria under which marine

mammal activities will be judged eligible to use these systems

is needed. This should take the form either of acceptance of

animal tracking as a legitimate operational application or of a

clear statement of conditions that must be met for an activity

to be considered eligible as an experiment. At present,

permission has been granted for animal tracking experiments of

about six month’s duration.

It is recommended that an umbrella agency or organization

take the lead in a technical development program for remote

sensing of marine mammals; NASA is suggested as the logical

agency to assume that role.

,
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It is also recommended that a technical advisory group be

created to oversee and provide guidance for any coordinated

development effort concerning remote sensing of marine memmals.

D i r e c t  S e n S i n g  o f  m a r i n e  m a m m a l s  f r o m  satellites,  rather

t h a n  s e n s i n g  i n d i c a t o r s  or c o r r e l a t e s  o f  t h e i r  p r e s e n c e

(indirect  s e n s i n g ) , may not be feasible at this time. However,

the use of high resolution sensors, such as radar, should be

explored as they become available. Satellite linked buoys with

active sonar or passive acoustic arrays might be deployed to

detect and rebroadcast marine mammal sensing data. Certainly

direct sensing (either remote or local) must be employed to

verify and calibrate indirect sensing studies. Both direct and

indirect remote sensing from aircraft would benefit from: (1)

fine spatial and spectral resolution films and filters, (2)

development and testing of non-photographic techniques, and (3)

t e s t i n g  o f  a p p r o p r i a t e  w a v e l e n g t h  s e n s o r s  f o r  o b t a i n i n g  c e n s u s

data and habitat characterization. photo image enhancement

processing should be considered as a method for deriving maximum

data from current photographic sensors. It should  be remembered

that it is often sufficient to locate aggregations rather than

individuals. The essential component to the realization of the

remote sensing goals possible with proposed developments is the

creation of an integrated program of marine mammal research

focused on a specific habitat characterization.

Remote Sensinq of Marine Mammal Habitats. —  —

Marine mammals live in a variety of environmental contexts

that are being studied using satellite sensors by researchers

I A- 7

who have no special interest in the marine mammals themselves.

Examples include studies of ice, ocean thermal fronts, primary

production, and population processes. Such studies use various

1
remote sensors and are assessing and defining important

characteristics of the habitat. To varying degrees this

information is necessary for a full understanding of the ecology

of marine mammals.

It is recommended that those programs and sensors that

provide data relevant to understanding marine mammals should be

explicitly recognized to the end that such recognition

reinforces the continuation of those activities. It needs to be

emphasized that information derived from satellites is

particularly important in that it provides synoptic mesoscale

environmental data not otherwise obtainable.

The general class of oceanic phenomena of interest includes

ice - its formation, structure, age and disappearance, fronts

(there are a wide variety of these) - water masses, chlorophyll

(type and quantity), salinity, and suspended sediments. Some

characteristics are measured directly (e.g., temperature), and

others inferred (e.g., currents). Critical sensors include

Scanning Multi-Channel Microwave Radiometer (SMMR), Coastal Zone

Color scanner (CZCS), and Advanced Very High Resolution

Radiometer (AVHRR). Research is needed both to integrate

existing remote sensor techniques with current marine mammal

studies and to develop new techniques to determine the optimum

resolution, their required “platforms” and their accuracy. A

wide variety of available techniques needs to be tested.

Indirect sensing systems presently exist to measure some



parameters. These are:

All

PARAMETERS

Habitat/w temp.

Chlorophyll habitat

Temperature, bottom

of these techniques

1
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SYSTEM

AVHRR

c Zcs

topography SNMR

may be used to describe and

delineate the habitats of marine mammals. The synopticity of

satellite-derived data allows estimates of extent and variance

over time and space of these habitats. sensors may be flown on

aircraft and on orbiting platforms. The present status of these

sensors shows that few are completely operational [Tables 1-3).

The CZCS is presently operated in an experimental mode and has

exceeded its projected life by 18 months. As this is the only

satellite-based chlorophyll sensor, serious consideration should

be given to ensuring the launch of another sensor in the

immediate future.

Presently developing technology includes laser-pulsed

sys tems  (LIDAR). LIDAR systems are aircraft-borne systems that

potentially can be used to measure ocean temperature, salinity,

and chlorophyll. Such systems might be used in conjunction with

image enhanced aerial photography to investigate the fine-scale

oceanographic parameters and the distribution, school size,

individual size, frequency distribution, and spatial arrangement

of marine mammals.

It should be stressed that in many of these areas, the

existing data bases are voluminous and need only be analyzed to

produce marine mammal data. Infrared and CZCS data have been

I

collected for at least the last

Nimbus 7 research satellite. In

N
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two and a half years using the

some instances, contemporaneous

surface data exist that speak directly to the problem of the

delineation of the oceanographic habitats of marine mammals.

Common needs for data by various, otherwise separate,

research groups should be identified, and the data made

available as appropriate to all interested parties. The

postponement of the National Oceanographic Satellite System

(NOSS) has not diminished the needs for the establishment of

operational modes of interaction using whatever satellite data

are available at any particular time.

The full development of any marine mammal ocean habitat

program mandates the development of interactive data bases and

interactive analytic systems. A critical need that requires

e x a m i n a t i o n  is t h e  t y p e  o f  i n t e r - i n s t i t u t i o n a l  c o m m u n i c a t i o n

necessary to facilitate such development.
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Geostationarv  Environmental Satellites 257Communications and Weather

P R E S E N T
LOCATION

D AT A

PRODUCTS

Day/Night
Cloud Cover

Wind Fields

NAME COVERAGE INSTRUMENTS RESOLUTION

SMS-2
GOES -1
GOES-2
GOES-3
GOES-4
GOES -5

7 5 %Full Oisk
Every +
Hour k
Earth’s
Surface

Visible and
Infrared. Spin-
Scan Radiometer
(VISSR)
Channels

0.55 - 0. 7oum
10.50 - 12.6um

Visible -
1 km

107OW
1330W (Standby)
135%

Infrared -
8 km

fi50w

(Check-out)*

140°EGMs (Japan) S a m e Visible-1.25km
Infrared-5km

METEOSAT
(European
Space Agency)

00 Same Channels
plus additional
channel for
Watervapor

Visible-1.25km
Infrared-5km

To be launched in 1981. Approximate location will be 70°E.USSR GOES

———
VIS :
IR:, 8 k m

GOES-4
GOES-5

Launched Sept. 9, 1980
Launched May 22, 1981

VISSR Atmospheric
sounder (VAS)

Channels
0 . 5 5  - o.73um
3.73
4.20
6.71
7.25

11.10
12.7 - 14.7

Day/Night
Cloud Cover

Surface
Temperature

cloud H20

Temperature
Sounding

Wind Fields

All Altitudes 35,780 km. ● AS of Jllne 30, lgEl,

_.— -—.—. ——

Table 1

Marine-Related Sensors on Sun-Synchronous
Environmental Satellites

CHANNhLS

0.5 - 0.6uM
0.6 - 0.7UM
0.7 - 0.8um
0.8 - 1. lum

DERIVED PRODUCT

Visible and Infrared (RD)
Signatures of Terrestrial,
Aquatic and Nearshore
Marine Regimes

TIMATED ACCURACY
NAME SENSOR

lultispectral
;canner (MSS)

NA
ANDSAT 3

.ANDSAT D
0 . 4 5  -  0 . 5 2 u m
0 . 5 2  -  0.60um
0.63 - 0.69um
0.76 - 0.90um
1.55 - 1.75um
10.4 -  12.5um

0.55 - o.9oum
0.725- l.10um
3.55 - 3.93um
1 0 . 5 -  11.5um
1 1 . 5  -  12.5uM

Same Products as LANDSAT
3 Plus Surface Temperature

‘o be launched
in 1982

:hematic !4apper

ldvanced VHRR
(AVHRR)
!Jote: NOAA Series
Channel 10.55-11.5
Channel 5 Only on
D, F and G

Scanning Multi-
Channel Micro-
Wave Radiometer
(SMMR)

Coastal Zone
Color Scanner
(Czcs)

;ST-O .2°C
sensitivity to
lelative Changes

Oay and Nighttime
Cloud nd Surface
Mapping, Surface Water
Delineation, SST

rIROS-N
series
(NOAA-A
rhru G)

6 . 6 3 ,  1 0 . 6 9 ,
1 8 . 0 ,  2 1 . 0 ,
3 7 . 0  G HZ D u a l
P o l a r i z a t i o n

SST
Sea Surface Wind Speed

1.50C

1 m/s

NIMBUS-7

0.43 - 0.45um
0.51 - 0.53um
0.54 - 0.56um
0.66 - 0.68um
0.70 - 0.80uM
10.5 - 12.5um

0.41 - l.lum
8- 13um

Marine Chlorophyll and
Sediment Distribution and
Sea Surface Temperature

Parameters
presently Under
Investigation*

DMSP
Block 5D

Somewhat Lower
than TIROS-N

Same as TIROS-NOperational Line-

Scan System (OLS)
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ABSTRACT
from March  1985  Ifmwgh 1995,  Iwenly new  oceamc
3.1((>//1(1>  Scn51MS  al e p/.ml1ed  hll  hum  ./1 on  eih,ht  SJldile$.
[)/ thi5 cvwen)hk  ofsomors,  IIW  oct..mi1  Scit.rmii[  ~rrd
,)j>(.r,ltt(>t]  $(()[nmt)nit)t,s  wtllhave.wc.es%  to,  dtroughdw
Vdfton.d  oitwIil  ,vd  Almosphem  AdminiWadon,  J

II I,]/or  ml .rtuse  irl Iht,  prime ocran  ,mran wters of 5 urfac e
wl:d$.  tCmfJerdlurc, w.Ivt,$, co lor -der ived charac.
t<,r)$tlcs,  ctrcuiatio!l, cijrret]l~,  sc.Ji[(.,tndiccsh~r$,and
gcodwic in fornution.

The  malorify  of $Xellite$ arc non-NOAA and arc to be
Lum[hcdbyothcvU.S.  [eder.]lagc,rncit,s  (>rforcignsp.lcc
,?h,wwitw  Theexccption  IS :Itef>ossi!>le  (light ofanoce,ln
[olorin~trurnenf  on J NOAA satellite in early  1990.

Presently, ship amfbuny  xmr<-es  forwfacc  winds,
kwtperaturt.,  and waves provide IWO to four Ihousand
reports per d~y gluh.dly,  and the satelhte-dedved  sea
surface  temperatures provide 30 to 70 tfmusand sea
sudJceren]~rafur~  mtrit>v.~/s~r  day, 144th  thep/am]ed
wtcllitm  .md sensors, Ihe ensemble, of ocean data will
in[rc,.j~c,f  romfourt  ofivenlil/ionr  etrieva/sprday,  This
mcre,Isc  will offer the opportunity for governmental,
J(J&VIIiC,  .md commercial engineers in ocean{c de-
velopment progr,mm  to expand the near re.d. time and
rctro.cpectiveddta  6.IWS  th.?t  arc global  in extent.

Along  with devcfopnwnts  in satel/ile  ?echnologyfor
oceanic operations, this  paper  also Outiines  the ,tidns
currcnrly  being ev,3/u<3tmf for oceanic space sensors lrom
I 995 to 2000.

INTRODUCTION

S s,itiaceareo”[l]elhresholdofmajo,adva,lcesduri”g
atell  IIe ob\mv.#tions  of the oceao sur(.we  and nw]r

the next 10 to 15 yea,>  becaw.e  01 advances in space
t(xhnolof:y made during  dw PJ51 10 IO IS  years,  The
Ie(hnology  has  been denmnstr.m.d  through National
Awon,mtwi  and Space AdminiNralmn  (NASA) programs
such aidw Ninlhus  scricso(  satellite,,  and special  dwfi-
caled mtelliie sy>tcms,  includin~  tl~eC,et][lyn.lr~~ics  Ex-
I](wnmntal  ocean  S,m.ll!lc.(GEOS.]1  launched 9 April
197s,  dnd  sc~~at lwd)~,d 2(, Iurm  1978.  These  sateHites
,iruf wnwrs  have es(~bli+hml  the dynamics of (he  ocean
mdm  c (uppw [cm  of mews)  and the strnng  couplirq]  at
Ilw pl,m[.t,q  boundary layer bc?lwcen  dw mx,an and the
,Ilrm]sphwe.

R IS mqwrt,mt 10 recognizu  the role and rcsponshihtte>
of NA5AJs  d(om[t  (mm Ihow>of  Iho National  Ocean!c
and Atmosplwnc  Admml~fr.llion  (NOAA). NASA k,mh
the world in the development of wlellitv  vJrth.
ob!.crvation  tcchmques  for 5cIMIce  and opt,r.ltions.  All
NOAA oceanic operational capdfdtly  m s,ileltile  rwnde
wwing  is dircclly  traceable to NASA programs BUI
~cience  and  e,]r[llob>ervilti[)ns  cover much broadcvac -
tiwtms  and .we of far grc,wv  signi(icmcc  than  that per.
milted by the occaston.d  rtwmrch satellite  obwrv.)tions
provided by NASA. Once the technology has  been  dwn.
om.tmtwfby  NASA rcsearcl~,  tl]estre!)glll s~tellilesl]rtrlg
to marine scicocc and operations is the  systematic obser-
vatiot>  of theoce.jrl> viacontinuing  measurcmcnts.  Such
meawremen[s  ,are  provided by NOAA operational sYs-
tems  or obtained  by N(M.A [mm other saldlite  systems.
both  national and intematicmd.

This paper will focus  on the  highest  priority physical
and biological fea[ures  required for oceanic observa-
tions.  These include winds, waves, seasurfacetemlwra.
ture,  sea ice, currents and circulatmn,  .mdoce.in  color
derived  products. QuantMive  comparisons will be
made only for winds,  waves, and  temperature.

MARINE DATA STATUS
Sy\tcmatic  marine observation using  mtelltte trch.

niques  are evolving in a manner simdar  10 [how  that now
provide weadwr  and meteorological information. NOAA
has assembled requiremcnh  for  the  civil oceanic com-
munity that involve both wientific  and operational
{lcwtl\.  ’~ Scctlringa  ccessto[  hesed~tabytlleU. S.  civil
nmrinc community is considered the  highest  priority
,wtivily forthc  marine-related responwbditiesof the NJ.
tiond  Environmental Satellite,  Data, and Information
Service (NESDIS).’  The mechanism proposed by NESDIS
is one which involves the use of many planned and
proposed satellite systems by both  the United States  and
other nations.4  The collective capability of these pl.mncd
sy~lems cxcccds the global coverage hat  anyone agency
(nigtlt  f]r{)vid[>  within asingle  space  l)rugr.]nl.  The union
of these systems offers advantages to all mariners and th!s
potcnti.d  union isdwmai  nthemeofthtspapcr.

lhci)rcwnt  s[a[e-(]f.tht.-,lrt  ofsatcllitc  me.lstjrcmcnts
ofoccan  para!netcrs bawd  ungt?ner!c  typc~ofsrnwsis
~hown  in Table 1. R must bc, unders(mmf thAd!i$c’ap.u
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Table 1. General Summary of Oceanic Sensor Rewhsa

Parameler

Altitude
Geodesy

Mean Sea Surface
Winds

Speed
Direction

Waves
H113
Wavelength
Wave Direction
Internal

Sea Surface
Temperature

Sea Ice
Location
Type
Edge

Ice Sheet
Height

Ocean Color
Pigments
Dif. Att. Coef.
Water Mass Det.

Circulation
Cur. Bound.
Currents
Eddies

SLVIsor  Type

A/fimeIer ScatteromWv Multichannel Synthetic Ocean
Radionleler Apcvlure Color

Microwave Infrared Radar Instrument

8 cm (prec.  )

70 cm (prec.  )

2 mls 1.3 mk
— 16“

2 mls
—

0.5  m or 10%

l“c 0.6°C

Detected Detected

1.6 m (prec.)

Detected-8 km
Variable (lat. Depend,)
Detected-1 Ocm level

20 km 7 km
19 yr. vs. mult-yr.
20 km 7 km

1-2 km

Warm Eddies

Deiected
—

12%
15“
Monitored

os km

os km

30%
40%
1-2 km

Detected 1-2 km

Detected Detected

"Unl=stihmlw ntiti, thevalus are1heacc.raci6  comparti  toi"situ=urces;  where a%andanumber  aregiven,  whichever isgfeaterapptie$

N.Q.  in&cat  finotq.alifi4;  detH[4means  the feature was&ww&  butdldnot  lend  i[%tf[o quantification with  sudace  truth.

bility is the result of NASA cesearch  using  the Seasat,
Nimbus-7, and TIROS-N  satellites. NOAA investigators
participated in each of these  systems to assess the oceanic
satellite capability for future operational systems.

Different sensors have differing capabilities, in some
cases, to make the same measurement. For example, sea
surface temperature can be measured to an accuracy of
abocr[  0.6°C using infrared sensors, but only to about
l. O”Cusing microwave instruments. Theinkared  mea-
surement  will be limited by atmospheric conditions in-
eluding cloud cover, butthemicrowave  semmw  illbe
near all-weather in providing sea surface temperature
observations.

The current sources of satellite data for operational
applications are, derived horn the two NOAA sa[elli(e
systems shown m Figure 1. The Advanced Very High
Resolution Radiometer (AVHRR) isdleprincipa  lquan-
titative  data sensor and provides the sea surface  tcmpcra-
turedatacitcd  in Table 1 forinframd  radiometers. The
Navy’s Geosat  system ispresently  operating Lawlessly

and it is anticipated that  the data will Ix available to the
civil community by August T986.  Geosat will be dis-
cussed subsequently. The Geostationary  Operational
Envi~onmental  Satellite (GOES) serves the oceanic corn.
munny parmcularly  well in providing severe storm war-
nings and nowcasls,  but is principally a qualitative instru-
ment for  marine observations. The Search and Rescue
and the Data Collection Systems provide important ser-
vices to the oceanic community, but will not be con-
sidered here in order to emphasize satellite remole sens-
ing techniques. These latter two services are expected to
be maintained over the next decade at the current or
improved levels of capability subject to continuing the
current operational satellite system which uses two polar
and two geostationary  satellites.

Thesatellite  capability outlined in Figurel  isplanned
to be expanded using other agencies and na[ions  satellite
systems. In particular, the system will grow over the next
five to six years so that the decade of the 199fY5 will begin
with anensemble  ofsatellites  that, forthefir4 time, will
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mvt!l requirements (or  many users. These users  include
bath research and operational mariners. The sequence of
growth is shuwn  in Figures 2 through S.

PLANNED SATELLITE SYSTEMS
lhcU.S,  Navy and Air Force  andthe  Eurolman  Space

Agency (ESA) have planned satellite systems and sensors
ih.]t  will bcresponsibl  eiorarevolulion  inciceanic  data
availability. NOAA expects toinitiate  acampanion  pro-
gram 10 provide these data to U.S. marine users. The key
systems to the companion program are outlined below,
Most important for all users, including government, in-
dustry, and academia, is tha(  only modest  resources
(compared to the already committed space resources) are
required to bring thecompamion  program to a reality.

Geosat

Geosat was Iaunchedon  8 March  1985 with anex-
pectecf  lifetime of three years. It is an altimeter-only,
palar-orbiting  satellite whose altimetric  frequency of op.
eration isat  13.5 Ghzwith  arangeprecision  of3.5 cm.
This precision will be abaut twice that of the Seasat
altimeter. The orbit will beverysimilar  tothatof Seasat;
viz., analtitude  of800km  atan  inclinationof  108°. The
Applied Physics Laboratory of The John5  Hopkins Uni-
versity and the Naval Ocean Research and Development
Activity on behalf of the U.S. Navy are responsible for
this missicm.

Themissionof  Geosat istwofoid:  first toprovidefm
improvements ingravitational  models of the Eadh;  and
second to provide oceanic data on surface windspeed,

h d

I DBD SATELLITES

N
m
4

significant waveheight,  sea ice edge and raughrw.s,
ocean fronts, and detection O( mesoscale  oceanic  ic.a-
tures.  Data from thegeodetic-mlated  mission will notbe
available directiy to the civil marine community during
the fhst  18months  while the orbit isin  abouta  72-day
repeat cycle, This cycle will provide about a 40-km grid
at the  equator, with sixcomplete  cycles  expected during
the first 18 months. The second  18.mon!h period  will use
a repeat  cycle of 20 days,  which will provide an equ.m>r-
ial grid of abaut  140-150 km. During most O( the mission,
environmental data will be available to all civil marine
users through NOAA participation,

In summary, the altimeter provides three basic signals
relakcf  to ihe measurement of the following oceanic
information:

. Sucface  windspeed-*  1.8m/s  from  l-18 m/s,

. Significant waveheight (H W-4Vithin  10”/mor  *0.5
m, whichever is larger,

. Mesoscale oceanic features- k3.5cminrangefor2
mHVl,  and

. Seaice-water  edg+Yes/no  towithin8  km.

Special Sensor Microwave Imccger  (SSMI1)

The Defense Metearologica(  Satellite Protqam  (DMSP)
will launch in mid-1986, the Special Sensor Microwave
Imager (SSM/1)  as a joint activity between the U.S. Navy
and Air Force (see Figure 2). The SSM/1  is a seven-
channel, four-frequency instrument with frequencies of
19.3,22.2,37,0, and 85.S GHz and an effective field.o(-
viewof70 x 45,60 x 40,38 x 30, and16 X 14 km,

+ “(JAASATEUJTES
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resf.wchvely.  I)LMI  polanzdwn  85 Jt .]11 kcqukmcles  ex.
Ccpl 22.2  (;fiz.

lhe desired  $IMIMI  rewlulwn  O( 25 km (> the goal  for
(he following SSM/1  paramctew

. 5urf~~cwindsl>~Jc>d—*2  lrl/s(]v[>rth[~rangc3-- 25
In/s

. S(?J Ic(,cover-z  12% Ov[>r[ l-100%

. S1.,1 nc dge..-lst ymr wrws  nwltl.ymr  lcl,

. Soa!ccodgc  .t12. shill

. t’rei.lplla(w ? 5 mmfhr, ow,r  [ht.  r.mgco  -2> mml
hr

.  cloucfvJpor ! o I kgh)]~ov~.r  Ihr  rq?,co.1  kghn)

.  LIquI(lwAIw , ).0 k[~m’ovc,r llwrangco-6  hghmj

. sod  {I1(llsl{!rL~l)  ly-ll)t>l\l, wt.1-salulJtwJ.

Shared Processing S’ysttwt

Atlt>w~,ll,mrlllofl]]al(]l  mpporl [opruvldmgcf  alalo
(he occamc community ($ a <.wuutuni<  ations  Iwk among
Ilw princ!p.  ]1 NAVY,  Air Ioruc,  ,IIMI N( )AA cmmonmenlal
tt%tl#l  procc5strlg  (t,!llt,rs  lnnlt(l.1<)871111  .On\tall<lt  OOn  ofa
![,al.l  il]Bc. l<>t)]n)un  lc.ltl[]rj\  Iinh  lntc,rc  t>alllt~t  [trlglherlccl
Nurm,rtc.11  ()(cdnol;r+hy  (’t,nler (I N()(’),  Air force
(; IuIMI Wv.NhcrCenl[d  (AI(;W(-), and N[)AA’\  Lwdi.
III-W m(hfm~lh(>  N(III[]IhIl  W(MIII(V !xw?I1(,(NWS),  ItI[>
NJIIOIIJI  OCU,III  S1>rvice  (NOSI, mid  the  N a v y / N O A A
j(Jiltt  lcc Ccrll{,r  wtlll][~(,51,il)  llsl,’,,1  Iig(lrc.  lllli]slrdl,,s tilt>
IW.p<IIMkXi  C<qJJIIIltty k> .IC[tw, dJIJ in tw<u  KS41-IIIIW.

N, . M151,  ]wnd  . Vol. .!(), NI,  )

,,,. IMl!i..ll,ll,,

(N(  MA NNI  1110 OVVUII  SYWT1, as PKIIMWI{, wdl PI()-
wk.  ItIt-  hdklW1ll#  < ,q)ahdmm

1.

1

4.

s.

(>.

( IIIIIPLJ!ISI prt>s  o$wngl(  i)mmuntcatwm  ( Jp{wlty  10
c olkx  10IIW.III<NMI  wwirommmtal  ddt~,  kwnlat  then,
dJtJ,  .md M kIWll  Ik> (or  dclnwry  to lhu  NO A#-P(W
tlat<n  Iramnltwm  LwIltly.

Wllfdh!tld  digil,d  dat~ Imimk  ait syslum  (IM delivery
of mm! r{,~l.(ulw (.I1i,tltJI)vIacsJ)I.]1  c(,w1  ,md  pfodut  t~ to
Ilu-  NOAA uwr ( (mmumoty.

Modl(m’)lmn  of the 5,11t,ll  IIr  Wc.allmr lnk]rm,>tion
SyWvn to hdndlr  dlgll.11  cfAJ, ,md in~tallation  IA
di+pl.ly  ~ystcnk  for u..(.  in Natmn.d  Weather  ScrvIt  t.
(i{,kl  st,)lions.

l+[,ddidmwm  ol ,) permanent mcx  hamsm  to dc:lI.r-
mIIII,  which CLII,I  +hould  be M quired for lon~-wrm
rclctin[  ion  in NOAA’$  n,>tmnal  environmental ddt.1
fxlse, and how kmg (hew  cf,lta $houkf  hc rrtmncd In
lhc  dda IMW,

UpgrJd~d syslcm  capJb ilily  to h.indlc rapidly mere.w
U?R rclrospcclwc  dat~  volumes through tho  use of
st<Xe-o(.lh(.-,m  processor capacity, high demity  0p-
Ii< d storage, comnumtc~kms,  and unproved  soft-
ware applimtmns.

Improved data imd irlform,mou delivery c.ap~bility  to
prowdc>  rctrospw !ivc data users  with turnaround lime

7

n
iqy,  nwc+wry  10 $;erwr.lk,  Ckm.it;, mkxnmlton  ,md
support C. II IIICIIC  an Jlyw\  .]nd  .Iwt.wmcnts.  Ilw
mm h,mmu ewd)lidwd  will Iw c.wrwd  forward to
support long-term  mcmne  prohkvm  mvdvmg  mw.m
flux, Ir.wv,pofl  m[,chaniwms<  gkdJ,ll.scJle  .momalim,
l!tc

II h expected IIMI  the  NOAA-1’orl and N(  )AA.N@t
t oncepl  wdl irvtmlly  mm  m 1 !Mff  ,1$ drown m Figure  4,
The  Shared  Procr%mg system  will be J m.ljnr  OICIIIWII  in
dw  NOAA-Por[  clemenl  of [)AS (W m,~rinc  users,  and
NOAA-Net should provide ,) CCOSS to mtro>pm  tive data in
timehamcs  conlp.wablc  to spm,d  of dclwc,ry  ofd,il.]  m the
Shared l’rocessmg  Sy$tmu

ESA Remote SensinE  Satellite (EIZS-1)

The European Sp,Icc Agency (ESA)  Program (or
oceanic satellites is focused  on a I ‘J(V3  Lwnch  O( Ike fh,l
ESA Remote-Sensing SJtellite  (HU-  I ) a$ ilk!$tr,ated  in
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Fifwre4. The 19880prational  Satellite Oceanic Remote Sensing information Co//ection System.

Fizure5.  Thenominal  orbital characteristics of ERS-l  are
a ~77-km altitude, sun-synchronous, circular mbit with a
local equatorial crossing  time of 10:15 a.m. The baseline
orbh will have a 3-day repeat cycle and will use a 98.52°
inclination with ]4.333 orbhsperday.

Theprimary  mission of ERS-1  isto  increase scientific
understanding of global ocean processes, and promole
economic and commercial applications. This mission is
to be accomplished by a payload consisting of an Active
Microwave Instrument (AMO, a radar akimeter,  andan
infrared Along-Track Scanning Radiometer (ATSR).  In
addition, a Precise Range And Range-Rate Experiment
(PRARE)  is being studied toexpandthe  ERS-1  missionto
include geodetic andgeodynamic  applications. Because
PRARE will not make environmental measurements, and
is considered to be a very ambitious undertaking which
may not be included in the final payload, it will not be
considered here.

The Active Microwave Instrument (AMI) is an akerna-
tive approach to separate instruments Oown on Seasa(.  1(
is composed of two separate C-band systems which
operate in three distinct modes that include Syn[hetic
Aperlure  Radar (SAR),  wave spectrometer, and wind
scatterometer.

In the SAR mode, data are collected over a swathwirlth
nf at least 80  km with a spatial rcsolutionof  30m. The

3!! .  MT<  1.,,,,,,  >1 .  !/,,1 ?(1  r,!,,  7

data rate, as with Seasat, is very high and will not be
collected on-board the spacecrak. Direct transmission
will beto  SARread-out  stationsat Riruna, Sweden, and
possibly other sites including a NASA-sponsored station
a: Fairbanks, Alaska. NOAA expects to process the SAR
data collected by the NASA receiving station in Alaska in
near real-time for use by Arctic region industry and
research. The general AMI-SAR mode parameters in-
elude those listed above and a frequency of 5.3 GHz,
incidence angle o(23°, requiring 300 watts of average
transmitted power (romanantenna  measuringl  Om x I
m. The anticipated data rate is 100 Mbitfs.

The SAR data, depending on the location of other
read-out stations, will beusedfor  anumber  of studies,
experiments, and operational applications. Sea ice moni-
toring will be a key requirement for these Arctic observa-
tions. Inlernal waves, mesoscale  and microscale eddies,
bathyme[ry, waves in severe storms, currents, oil spills,
and ship wakes will be other potential SAR observations.
The ERS-1  SARdata will besimilartothat  of Seasatexcept
(orthedifferences  caused bythehigher  ERS-1  SARfre-
quency. This may produce a substantial difference in
some applications.

When in the wave spectrometer mode, the ocean
surface will be sampled ina 5km2 area every 100km
along the ground track. This permits the sampling of

wave conditions itllwmittently  to measure wavelengths
(mm 50 to 1000 m to wiihin  20%  over 0-360”  in direction
(to within 15“). This mode of operation will be time.
shared with the wind scatterometer mode.

The AMI wind scatwmmeler  mode will perform in a
manner very similar 10 Seasat  except the sensor looks
only to the right  side of the spacecraft track and operates
J the C-band (5.3 GHz)  hcqucnc y as compared to the
14.5 GHz  of Seasat.  The swmhwidlh  is 500 km Ioca[ed
bctwrxm 250 to 750 km to the  starboard side of the
spacecraft track. The sampling spacing is 25 km with a
spatial resolution of 50 km across the swathwidth. Wind
speed determination is ~ 2 m/s or 10%, whichever is
larger, over the range of 4 to 24 m/s. Wind  direction is
* 20° over the interval of O-36W, and uses three beams
oriented at + 45”, O“, and – 4Y’.

The ERS-1  altimeter is similar to other Ku-band aki-
meters and will have the same general characteristics as
Seasat,  The range precision will be 10 cm, and is ex-
pected to determine Hi/3 to *0.5 m or 10%, whichever
is larger over the range of 1 to 20 m.

The Along-Track Scanning Radiometer (ATSR)  is de-
signed to provide an absolute sea surface temperature
accuracy of better than * 0.5°c with a spatial resolution
of 50 km in conditions of up to 80% cloud cover. The
actual spatial resolution O( the instrument is 1 km and
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uses  threechanndsat  3.7, I I .0, and 12.om.  Theconical
scanning system  observes  the ocean  swface at two  a“gIeS
of incidence in order to improve the current statc-of-the-
ari for  SST observations. Al the suhmtellite track these
angles of incidence are at ()” and 57”. The swathwidth is
500 km. A passive microwave systmn,  which Ioohs  only
at nadir, is also included in the ATSR and is designated as
the ATSR-M. It will be used to make atmospheric correc-
tions for the altimeter.

Nauy  Remote Ocean Sensing System (N-ROSS)

The Navy Remote Ocean Sensing System (N-ROSS) is
to be launched in the mid-1990 period. The orbit is to be
sun-synchronous at an altitude of =833 km with an
inclination of 98. 7“ and a possible 0530 descending local
equatorial crossing time. Approximately 14.22 orbits/
day give N-ROSS a repeat cycle of approximately every
four days.

The primary mission of N-ROSS is ICI provide aII.
weather, global oceanic data to support numerous fleet
activities. However, while many of the data products will
be unique to Navy needs,  the basic  data set will be
composed of geophysical information needed by [he
civil, oceanic, scientific, and operational communities.
The Navy expects 10 make the basic data available to the
civil community through the NOAA system, assuming

DOD SAT!ELL8TES SMARED HOAA  SATELLITES ESA
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Figure 5. The 1989-90 Operational Sale//ite Oceanic Remote Sensing Information Collection System.
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111!11 11)1> (IJIJ 5y>11v11  1 Jr) 111,  Inlpllwld  111 ll’1ll (11(, Itw
~lglldit  .114 ml rt>.i~(.  In Ilw wl(dlltc  11,81,)  .Intlc Ilhlled  I x-
( t.111 for (x 1,,111 t (A]r,  1111,  N 1/( )\\ 1,qml]ililic.  will In,
VI PIIV<IIIWI  111 II I<>M.  (](  III(,  P1OIIIJUV1  NJIMNIJI  ( h t>JnI[
5JI(,IIII($  $Y.lt>lll  (N(  )$S) IIIJI W,l+ t Ijll$ldt,({d 111 dw lmdy
Iwli)  ’i, lIN,.111.IIuc  I<IW.IV{,  WWWJ15C  01W131  [I(JII  Jltmw[vr
ldivlll( ,lt 11) Ihl> 1111(>  1111 ( ;l>l) 5.11,  J \Ill-t  lJI 5(v)w11  MI( 111-
WJVI.  lm,l#v  ($ SM/1)  IdI%t  III(  ,11 II>  llw mskunll>M  m 1111,
[JMSI’ ,Y,llblll,  ,! w ,III(,,I),II,,IC.,  Prtwlded  by NASA WIII
d(w]:tnaled  J> N 5( Al, .$!)( 1.]  10 W-I r(x{urn[  y Mu r<]w,wc
U.dmowtcr  (Lt  MR]. ( hdy  dw lmt  lw<) WVMJ15 .m.  dw
cuw<,d  a$ Ihr fir.! ( wo Imvc bL,wl  1 onwdwcd  l,ar lwr

1 Iw nl(wt 511:111(1(  ,1111 Impr[]vlw[ml  111 111(. !,1  .Itl(.loln(mv
over SCUM  15 Ihc.  uw  d J Ihrudmm  ~yblcm  .Ind  .$
digbtly Llrg[,r sw,lthwidth. The Ihree Iwwm wtil rw.k  c
wmd .diw, v.dues by,1 fm tor d two. ‘ftw  swadjwdth  will
be ,dmut  20’%, grc..mv  < ovoring  ,1 region Qxtendmg  hum
about  150 10 750 km on (w h wit,  of 111[: L+,]( M raft,
ywldlng a 1 5 0 0  kn! ~w.idlwcdd]  w!tfl  J W()  km g.q)
ccnlcrcd below the  $atull  Ite lrm k. 1 he key LbJrJ[  Iurislt(  *
,]re:

. An opcralmg frcqumwy of 1 3 ‘J{J5  GHz

. A wmd vector  spaIIJl  rcwlutm  cd 50 knl,  while IIW
radar bwkscattcnng  cross  .sect m WIII  be prot esscd  al
.?5 km

. A wand $powf  resolution of ! 1. Jmls  over  the range  of
4 .2(> fnls

. A wind dtircctwn  rc+olutmm  of ? 16° over tf)e rdnge of
10”.3(,0”.

The Low-Frequency M(crowave K.adwmeter  (LIMK) is
a dual-frequency and polarlzatmn radiometer designed
SP1.{  dk idly  for Ihe  near .Ill.wc.!lhm  mcmurcmmnt  of sea
surface  Iempw.lture.  II is .1 rww dmign with .1 twrif.my
wmlw lo Ihl!  l~lge r.xlti<mwkv  syslem propuwd fur the
previously mcnhonccf  Nf_)SS  (ac!hty.  lhe  basehnc  char-
acteristics of this ccmlc ally scanned,  5.9-fll  antenna
rwliomek,r  are:

1. trequont IL,>  of 5.2  and  10.4 C,fiz

2. An an);lc  of inctdwlcc  of 5.!.  1“

1, An cffcctlvc fwld-of.view of 15 x 25 m)d  If X 13 km
JI Iho  lower Jnd  hl[:hcr  frcqucncws,  rw,pt,(  twcly

4. A IO(JI  ~wJIhwIddI of 1400 km.

Tbe god for dw dwivcxl  WJ  wrf,we  Iwnpcralwe  ac-
curacy M * f).50(:  Jt d surf.  wt.  resolution of 10 km with
t I ( ) ” C  ,md ,?5 km wrf~ce  rw.olution  ( omidwed  m

.1( ( lylt.lbl  ( , .

411 . MI\ 1,]11,,1,,1  . v,, I /{), N,, 2

ottwr .%msor  f )pportu  nitiw

1 Ibt.n,  Jrv 14htv  s.ltt,lli(t.  iyitom> 11).81  ,N(, Ibf,mm,(f  for
h, l,!ldy  1990’s I III-4, $y$t(vll$  1111  III(I1, 1111,  ( ,Illclifl.lll
ILI(I<I(4  $yslwll, IfllL  N A S A  ]Ol)WI.l@y  t XJll,rlllll,llt
[!( WI l+),  d]t~ NA5A (,m@@Jl  Kow. v[ h MIswon
((,KM),  .Illlf  J  I)md)h>  ( ontlnmlll<]ll  01 IIN,  Nlt11bu+7
( O<MJI  A811cB  ~ (Jlw  5( ,mmv ((”Z(”S) prowdm)  will) .1
N( )AA IM mdu~lry  ( h mm ( IIktir II1511UI111VM  (()( ’1) thJl
woIdd lx, flown  (N1 lfll> J(lt>rII  (Mm l][d,wiml]llm~ wIAIIII.
II)  llw  NOAA K,L  ,M W>r!(>i  (’x.t. .]li[) 1.J]h.  )).

3hr prOp[lW>d ()(’1 ~y$ll>lll 1% Ihl>  tlldy Ilalll,lifllllg M>llmr
not pl<mned for %P,N r Illfilll d).]!  Ill\ 1)(,1,8>  (l(,tlll)rl~lr.llt,(l
m tmvr m,qor  rew.m h .md (Bpt,r.llmn.11 ~IqdIl Nmm.  ““
1 hl> lx]>~lhk! use  of Jll {1{~.111  LOklr X,IIMJT IS bt,lllg glVWl
wrmw Alcntmn as an mstt unwnt  m be cent lnucxf  by
prwdc  industry. 7

lIw  (u{  fmology (or Cfclermtnmg  ctllorophyll  con-
cc!]tration,  dtffuse  atlenuahon coe((wwnl  (turbidity),  wa-
ter ma$$  Imundww> and honts,  open-ncean upwelling
,aroas,  and c<timt]tcs  of productivity h.m bt!cn  t!st~ddishod
by NASA JWJ  dw O( C.W nw..m  h I ormmmity during lbr
I]igld  y W(  1 (w4uI (.Z(’5  mlswm  which 11.3s been  m pro-
g.[c~s  w{ e Nimbu+7  WJS  launched m CJctober,  1 ‘J78.
The technology demonstrated thrmq;h  CZCS  d.lla  shows
slgntflcant  UIIINY  for phystcal  oceano8r@]y  ,m[f  dy -
nam!cs,  a$ well as the originally anli<  ip,~tcd  Jpplicatiom
to biological occanogr,qlhy.

The  Polur  Plc@rmlSpace  Station  Cimrmction

By the mid- 19913’s, J $P.N  e-$tA ion  supported  polar
orbltmg  wtelllte  concept may provide a major cfmoge  in
the manner  by which dam coot!nwty  IS assured to both
research  and opmatmnal  m.mnc twtiwtw  as W(SII  as to
users  of [arth environmental d.]t~.  In primiple,  such  a
space  station facility would fw .Nlendmf  by pro(eswon.  ds
to m~in!  din Ihc  >y>tem A rc,qumxl  .md  [c>  up-grmie  < JIM.
bditws  m new technology  permt(ted.

The  hmic concept is fmmdmf  on dw foflg]wmg  working
awumptiom”:

I

2

3

4,

5.

Tabfe  2. Anlicipaled  levels  of Occ.mi~ flal,~
(Ships  and Ilttoys,  NOAA-Series, Gt.osal,  OMSP,  N-ROSS, [RS-1 )

[ 1,](,,  R(.,x)r(% 1><,,  ().,y  ,,,  Ih<i(,,,,  tu<i,

I 9/).1 lrml-  1 Ultl  5 / 9/10 I 9/)7 I 9/1}1 / 9WI
W,nd.

Sl)(ld ).4 6[) I,(lllo 2,()()() 2,()()()
[)1((,( ((<)1)

4,()()()
>..1 >.4 j..~ &g 2-4 40[)-010

slw  S1llI<ll  (~ I(?mp 1[)-70 II)  70 10-70
WJV(%

!()-7() 10-70” owl
,!4 ()() M) (,() ()() I >,,

—

(, N.dions,  IMIIII  P.HII[  ilmt!ng  Jml n(mpJrIIc  q) JIIng,  will km. 1[21riwdlb  hool SJI,,IIIIC>,  IIW d,m]  ,m. ,mm ~p,md  I<,
requm, ,1 vancly  of dm,d  re,ldout  wrviclw even wdh wow  to lhc IL*VAS  shown  in 1 Jblr  2. This  tJble  mMmd Im
111($  fufl  dcploymcwl O( the Tr,]ckmg  ,md [>JI,]  Kcl,Iy
SalellIle Sym>nl  (T[)K$s)  b y  the  (Jrvled  StJtcs  awl
other SJICIIUV  d,l(.j  rcl.]y  sy~(om>,  wch  ,I\ IIMI under
c onslderatmn In Furcqm

Tlw paylo~d of the polwpl.]tk]rm  concept  [ omists  O(
(our s.en5mf;  ai.,tmd]fw5:  almII@M.rIc  Jml  mc,tcOr-
ologtc.d,  solar-twrwtri,]l  cnvlronmcmt,  omwvc  ,md  solid
cdl.  II .11s0 conwls  01 Iwo ywc CJIIZMI  m~lrunwn  t,,  onc
([N dat,l  COIICC lion  and  pLIdorm  IUC,NIWI  .md J second  (or
wtelhtc-atd{,d  wwrch  .md  r[w UC.  1 he ()( c,mir  Remote
$mv,ory  Aswmfdy  [ORSAI IS cmvisiom,d  to be t ompowd
O( ,m rnscmble  O( wv,ors  10 m~kc tfw  following mm-
k.urc.mmk:  sea  surf.wc  Icmpcralurc,  W(1 sud<lce  wmcf5
and w.we>, signiftc~m  W{wc l)cvgbl  Jnd p0551bly  W,JVL.
spcclra, currww,  and cm  ulation, sea Kc, biological
productlvily, .mcf coaslatA?stu~rinc  Sedmwnts  and  pol-
Iutmts.  These  swtwrs  will put  on an opcrahon,d  basis  the
cq],d]ilmes  dwmunm~tcd  by the  rwe.wh, cfwelopmw,
and dwnomtratlon  progr,mls  comb [1.[f during the  km.
1971Ys  .md  throufihout  (tw  191JIJ’5.

In  ewencr,  before  dw year 2tJf3fJ,  there appears  10 Iw
an opportunity for wgndw.mt  cfmnge m the  manner hy
w h i c h  oper~ lional  SCJ  d.m  arc okincd  Tbc  polar-
orbmnl:, nl~n-wnck,d  observing system WIII  hmm ,1 h!f:h
p r o b a b i l i t y  of  being  nlalntalncd  uver  \c. v[. ral
gt,rllv,]tions-dle  t.x.Icl  ingrcdww  ncedwf (o supply  dJw
10 .dl  oceanic us[,ri.  This  opportunity has led [o IIW
c,stabltstmwnt  of J  spl.I  i,d proIc.c  I dt.signated  as [he
[nwroml  .200[)  f%cqect.  More Iflan  a dozen special  stud-
ies have bi.eu  conducted to (f,m,  WIII1 the wmm,  wy,  4“1 he
Envtmwt.  2000  [’IJw” $chcd”led for pubhc  alien in thu
mm future.’1

THE ANTICIPA7W)  DATA LEVELS
i fw vvoltmon  0( s.m,llitcs  over Ifw rwxt  fwc  !0 51x ye,]rt

from th.]1  shown  in Ilt;uro i will rvwll  m m> oxp.mswn  of
c,qMb  IIIty  as hwn  m Flgurr 5, By tlw 1989 -(JLI  pcmxf,
Ifw Gc.nsd  5y\tcm mdy  WM  hJvc been k,rmm,]md Jftel  a
5u[ C’CSSIOI  three,-ytmr n115Mo  II. 1 brce SSM/1  5y\ttvns  nl,ly
1)1:  operdtion<)l  (luring  IIIIs  Iume.  (“lnl\irfcrmfl  111(, I>rvu,nt

dJy sym,m, which Imwdc.,  ]-4 th[mwnd  dIIp r[.pcm  J
d,)y,  coupled with M) 712 f Ix)us,md  Mm wd,l~c  (wuper,l.

iiw wind, tlvuperJllm.,  ml W41V1L  <f(m~ Imwls  t{)r XIOIM1
covorage.  1 hrL*. ordw<  of mJgmludt. mcrtmw<  ,m, p<iom
li,dly  availJfie  10 mppml  nlwlm,  uww..

Such mcrcdws will impmvc  nmrim, wedllwr I(mw.]>ls
.md permit tlw di>lri  bution  of now  produl !5 ,md ,3pplI-
1,Nions  by [he vaflje-,l[fded mcfustry.  Tlli\ wrtu,d  (I,N.1
explosion  will create J formid.!blc rcqutreownt Mu{  o1>-
iwrkmily  for dat,]  managcmwnl<  both m,ar fc<d.tmw  md
rctmspeclivt,.

10 Cffuctivcly  use thI>5e {f,ll,l.  ,1 parlncrshlp Involving
all classes 0( uwv groups  (government, prwc)te,  ACA.
dc,mic,  non.im>(it,  social, rccre<morml,  environnlcntd,
rmcarch, operatiomd, etc. ) wffl  be rvqui red  to form a
cwditionofcwil  oce.mic users  to lnsuretl)e  JvJ1l.ll]  ilily  of
tflwe  ddd  to ail segmcnh of the conlnlunity. N(J orw
element will be able to carry the cmtirc  rcsponsthhty,  yd
tfm nlodmf coqs  required for e~ch will mmr  than  Ius(ify
ltw U.S. invemmml.  Approximwd  y onL. and ,1 fldf  bll  -
Iion  dollars of occ.m.obscw,”g  h,mlw,m.  h,w  Jlm,jdy
Iwcn commmed  for I.lunch  mto polar orbt[  cfuritq<  the
next  w yew,.  The  cost to m,~kc (hew  da!a m@IIAdt.  10 all
civd w,ers will be more lhan  JII order of mJfylWdl.  1(+$
than tfw  sp,lcu  hardware invc,tmunt already m,uk  by
many agcncws,  botll  U ,S. and foreign.

I iowever,  tfw story O( satellite o~eanography dow  not
stop  at this juncture.  The natlon,d  and intc.rn,ltional  plJns
c ,)11 for many other [Icean-%cicnccla  ppltcatt(>lls  wmors  10
be I,mm hcd during Ihe next  decade. 1 fm ones oullitwd
abow.  me already under b,mfware  developmwm.  If Iho\c
satellite symmls  under study and  those  wi[h (he L+-
billty  to support spccdic  types of ocmln-rcl.wd  applI.
( ,ations  (I.e., Lmd$at tcchniquw  Jpldiwl  10 csluarme ,md
wetlands studieg the ensemble O( sensors is further
exp,lndl,d.  Table 3 illuslr.!tes  the  potential ~y$l(mls,  some
shll  m dw dc(init!oo SI,IXC, Ihat  will poIeI1lIJlly  operate
o v e r  tbc  next  decade.  By Ihc 1 ‘9J4-95  pt,rmtl,  mw,t
at(cntwn will probably (OCUS  on dw polar platform  c m,.
w,pt  .1ss01 IJl{d  wi(h the NASA SpJ{  {. !jt<](i(,r,,
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Table  3. Summary of Salelfiles  During the Ncxl Decade with  Oceanic RrmcoIc Sensing Capability,”

SAIELLIIE 1 ‘J(I5 I 90(, 1 W7 1 91{[1 i WV I  9,)() I W I I WJ-. I (),)  i I 9,)4 I W’l-

NOAA/1 II?(  )S-N
GOES  St.rit,\
L<u)<Is,]I
I)MSP
Gc.owl - - - - -  —
Sl]OT (1)
IKS (1)
MO S- I (1)
EfLS-1  (E)
N-ROSS —-—-
TOPEX” — .—.—
Kadarsm (C)
Ocl”

.-

CRM*
— —  - -

—
EKS-I  (0
Polar  Platform.

——

‘Heavy lines begin in 1985 (or ongoing operational systems and at the approximate launch  date (or ail others. Legend:

(C) Canada; (E) European Space Agency; (F) France; (1) lndi~;  (j) japan;  Blank-U.S. “Planned but as yet unfunded

able format and in a time period commensurate with
practical applications. A data gateway will be formed for
bdh near real-time and retrospective data. The accept-
able format  is likely to be wha[ is customarily termed
Level-n data (time tagged, earth  located, geophysical
units). It is expected that the value-added industry would
accept the task of developing products from  the Level-n
data once assured that the data will be available on an
operational basis. It appears to be an historical fact  that
great opportunities bring great challenges. The challenge
for the oceanic community will not be the same as many
of the challenges of the past—namely, working in harsh
environmental conditions in remote areas—but in band-
ing together as a cohesive unit to assimilate and under.
stand the dynamics of rhe  oceans.
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Ab~TRACT tic pigments present in marine phytoplank-

Thc NirIbus-7  Coastal Zo6~  Color Scanner instrument
uently in the 197fYs it was demonstrated by
g, and Lorenzen”  (based on their aircraft

characteristics are brief/y revi6 ,d. The  pertinent op(ica{

\“properties which influence  the ]agmtude  and spectral
$ of upwellecf  spectral radiance and sudace

distribution of  visible region light
that the remote assessment O( a living

(he sea and the general forms  of
rine resource may be possible. The significance of

hio-optical  relationships are disc
ch a measurement capability was furthered hy the work

application of the CZCS atmospheric
of Smith and Baker;” Clark, Baker, and Strong;q  and

nthm, as well as the derived
Gordon and Clark. 10 The work of Smith and Bakera

pigment concentrations and
showed that a high correlation existed between the dif-
fuse attenuation cdicient  and the surface chlorophyll a

coefficients [490 nm) are presen
tional product applications for th

concentration as well as the total chlorophyll a con-

the inherent value of Iirk+datas
centration  in the vertical column. Clark, Baker, and
Strong g demonstrated the covariation  of the upwelled
spectral radiance distributions to the concentrations of

INTRODUCTION total suspended patiiculate  matter. Additionally, their
work  cnnfirmecf  a high  &gree Of cOrrelatio” &tw@”

/ \-

. .

B by forces  controllingmari”e  productivity. T ebas.is
iological oceanographers have long been  fas inated suspended pirticula~e  maiter  and the phytoplankton

pigments of chlorophyll a and its detrital counterpart

for  life within the sea lies i“ the photosynthetic proces$ haeopigments. Gordon and Clarkio  provided an analy-

which is conducted by microscopic marine p ytoplank- t al scheme ‘for atmospheric correction and the sub.

ton. This photochemical process, which utitizes  carbon se ent retrieval of the water-leaving radiances and phy  -

ably began in April, 18 , with the experimental work O(

and 60s, 3-5

sureme of ocean color from satellite altitudes on a

on 29 October 78, five days after the launch of the

sensors into orbit a t 955 km above the earth’s surface.

ficiaries.

THE COASTAL ZOkE
COLOR SCANNER

The CZCS was launched on the  National Aeronautics
and Space Administration (NASA) Nimbus-7 satellite to
determine the feasibility of ocean color measurements
from space. A5 a proof O( concept mission, it had a
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ABSTRACT
lm~gcrv  from (Iw COJWII  /mI1,  ( ‘olur  SC  anrwr ((’7(3)
horn  two differcnf  I,igh  l,JtIIudt.  IOCJMXIS  W,IS  ,In,dv/ed  (o
detrrminc  fhl,  potentml Jj well m [61, Itmitatiom of dw
CZCS h)r  s(udpng  mc50>c.dr pl)ytic.d  ,md l)iolugtcd
o< twnographtc  proce>scs  m the Arc li( ,md Anlwcttc. lhc
mvestigdltorl  locwcd  on thl.  nl.lrgill,d  1[ t’ Lorlc,  ,) cOm-
IJICW and dyniumc mtrr(a[c  6CIWMVI  (tw .umosphcrc  and
tl]e ocran  whi{h  $upporh  extraordinary conccntrdiom
cd biom,]~s.  lm,~g<vy  PIIM  esscd .# the ICC edge in dw
LJenmark  .SIrwf  and in dw Norton Sound  W(M of the
E.]srern  Bering  SW  confmns  the U$C{UIOCSM  of the  C.ZCS  in
.is W,SS  inb.  pib,rncwt  dls  trdxmon Js well J ~ the  physical
imxwwes  driving btolo~tcai  pro(fu<  IKM .][ hgh /at//udcs.
Ck5p@  constraints imposed  by cloud cover ,wd  Jlgo-
rdhm linlit,ltions,  the mlJgc.ry  CIC,MIY $howcd  i(c edge
blooms, eddy tiirrm!  ion, circulation p.]tfcrm,  ,md wafer
mms txmndmws.

These  and  o!hcv  programs  h,wt.  [ Icarly dcrnomtr.)ttd
that IIW  CZCS  c.m be uwd  to study  some O( the m.my tmw
,md space  pmbloms  of LMIKJ.N  Jle phyfic.11  and hmfog!-
calm wmofyaphic pro(csses  wfwh areoftrn  dI((Iccdt  ICI
WMN?M SOICIY  through shipboard inve>tqWmns. The
CZCS,  therefore, is a tool which provides a means 10
esumatc  the fmolog!caf  production of Iaqyoccan meJs
t h r o u g h  memurlng  changm  in ocean color.  These
changes  in color are, in (a[t,  due to varmtion~  in the
[oncentra[  ion of chlorophyll J and aswx [afed de-
gr~datmn  products. The  compositmn of the waler in-
fluences absorption and  scattering pmcesse>  to produce
tf~e color of the solar  radiation reflcckxf from the upper
laYersof  thcocean.711  10 all oceamc areas  c!ccepl  rc-
gimcsofco~std  and river outflow, tllenlain  particul.xte
constituent of the  water is phy(oplankton, the  micro-
scope{ pla{]ls  which form tllel]ase  of the  f{~[]cicllail].  It is
lhme organisms whi(h  carry out  photosynthesis, and,
therefore, contain the domlrjant photosynthutw  pigments
which  strongly absorb  light in the red  and IJluc portions of
the spectrum of wsible light. Arcm with  heavy  conccntrJ-
tions  of the phytoplankton  and ~sociatcd  p!gmcnk
change  the color of the water from the deep blue O( clear
opwr  ocean water 10 varying shades  O( grwr depending
upon relauve concentr.]tions  of the phytoplanktm  pig-
ments  presen t.’.”

The  abdlty  to meawre  dmmgh rmmolc  se in ing  the
laq:e  and small >calc  var!dions  in thl,  kwqwr~f  alld
sp<1ti(111ii5trib~ll  iorlOfp  f1ytopl,1nhtt)n,  tsl)~rtlcul,)rlyvaltj.
able  in thl.  rt,latomly  remote wc,ls  of  dw wwld  such ,1s the
polar  rcgmm where shlpbo(wd  >amplang  is oftvn  wworcly
{onstraincd by cxtrc,mv  weather, ICC,  and general  in~c-
{e>sibtllty.  Slncetllc, (]tlyt[]l]l.]l)  kton  support, [firc<tlyor
indmctly,  all higher [rophi{  fevcls  In tlw OCU.  MM, an
mqlrovmf  quantit.ative  undcr5tN1dlW[lf  populcWm dy-
namics  i!. critical  10 the  >tudy of a vmj[,!y O( !mportant
blol{]gi[  .~ll]llt,rl(]rllcJ]  .!such.ls  fish[>rl[>i, El N!nocvcnts,
f@hd  <,whon  hudgels,  ICC c,dy,c  pr[du[lwtly,  rc<ruit
mvnt nlt,ch,mtsnls,  ,lnd  p(dlul  I(m occwr(w(  (w “ ‘.’”
Imdwrmurc,  phytoplankton  da~trhutwn  pailcrn~  hve
prOven  VJIUJMC in t h e  ~ynOplIC- study 0( mm(hcale
pl!yswaf  prot  W.[W  WI h M eddy  formltl[m  and dtw40 l)-
mcnt, arcal p,)rtlll<mlng,  upwcllln  f:, w,mv nM\~ dls-
tr81)uto[)r161n(l  (tlrr1,r11  IIVIIJIW[5  “

Ihc  CZ(IShJ\  II(II  IN.(VI  fully cxl)hmd  a\ .3 IIN,.1115  to
[,xanllnc w(I1  phy%i<.11  .IId  IIIOIIII;II<  II  IIhISII(mI(ma  at

,,,

tovt.r<,all)ycl<)ud5t>r  ft)ufor weeks.]t J Imw SecoI{dly,
lht.w ml. wrious Imlit. mom impon,d  011 mlagery  col-

I(x k,d  ,11 high l~fitude>  by dw exi$t!og  al~cxithrm wf)!ch
retrieve ptgnwru  tonccntr.mom  (mm the  b.][ks(,]m,rcd
radmnces.  SIN.(MI  problems cmountcred  .11 high l~ti.
lu[fw  arc immmily  .1 funclion  of low sun  .mKlc whi{.h
rt.wltsin  Iowradimllenl,rgy  input t(]tllt.  \y\tt,lll  atldrll.]y
[.mwsignifwan[  error in tht.  Raylelgl!  {,]kulatmn  in Ilw
.]lmoq]fwric  correctmn ,dgmithm

tfowcvcr,  tlletnll][>rtancc Oftllep[J1.lr  r[,gi0n5afldtll(:
m.]rginal  icc ZOIW+  in understanding m,my glofmf
(]{e,)rlogr.~phic  proce*s[.s  f].!sprovlded aspe~i,ll  impetus
to [ry to demrminc the  pofentid  .]s well as the Ii,nit.j(io”$

of high Iatltudc  ocean color  im,qyng,  lhis  \tudy has
f o c u s e d  cm the  maqynal  Ice tone,  a untque  symm
which, each yew, adval]ces  andrctreats  .lcro$sappr(jxi.
mm.ly  7% of the world’s ocean.1”

As descrihcd  by johannesstm  et ,d,, i 7 the I“qXNI,,”ce
O( the marginal ice zone itscl(”,ay  he Wt,wcd  fro”] two
very different but  interrcloted  perspectwe~.  The  first  per-
t~msmsocictal  need~a~ld  theseco!ld  issci[,ntiftc, Widl
increasing human activity in the Arct!c, for  exampfe,
thcreis  noquc$f  ion  that  it wdlberrcccssaryw  Improve
the ability 10 predict ice conditmm  ICI  Insure  mfe p.muge
of vessels involved in Arctic act!vi[ics  such as oifd)orc oil
and gas development, the transport of rwourccs  from Ihe
artw,  ,and  thesllipping o(suppl  !esto  Arctlcci]mm”  ”tt, es.
Better  prediction oi dw Iocatmn  and  nalurc of the ice
margin  will cn,]blc an improved capability to h,~rvcst
some of the  richest ffsheries  in the world whi(h  arc
located L low 10 the margmd  N c zone m pormms  of both
the Arcti{ and Antarctic, t7 There  ,m[,  in[erwing  u n -
knowns reg.mlmg  potential shlft~  in thepositionof  dw  ice
mlfy.  as a rmull of significant erwlronmcntal  chmlgcs
wlh as mcremed ,mrwq-hcnc  dusl,  nl,@x  flu~cb  in the
C<), I]almwc. and oncrean.d  ,]tnm>pherlc  poll”ti<m 17 III
ddchlmi],  ttl{>l]hy$!c~l  pr(][c\sl,s atthi>corIlf]f<. x interface
cowml  the nature and Amd,  m(c,  of the nch ,md (fivcrw
Ice-edge  ucmygem.  SII1ce  the fligher  Imphlc  Ivvt.ls de-
pond,  dircctlym  indirc,ctlyr  on phytoplankton  produc’.
tion,  it (s mjpmlant to undcrwnd  the mtmaclmm  he.
Iwt,en  the phyw~t  processes  m(fucnl  ing  (h{, J(fv<mcc
aml  r<.lrc,at  of the mmgin,d  ice zww  .md  tlw twiogw.d
prodmlivity  aMocIJI1d  with IIW  ICC cdg,,.

Iherefow,  ~>[u[lyw,]\corlcft,{tc[l  in whlfh,]mmdwr
,J(”z(’SWenW  with  l,lrgt.  (l~]lld  fr(.t, ,]r(..ls  wore  Imdkd
al)allmnmwlf  uf>i>oll  >l]<]l.lrr c.):1(]11~,  AltI1.mByl  cIc,Ilo{>!lsIl
wm Ixwible  toobldm ( It.c]r inl,]gt.s,  c(>llll)<lr.ll]ll,tct  thoh(,
lmxfmt,dal  mirf<md  low Lllml(ft.$,  wl)lcll>l>[]wc.cll]olll
}:r~ldudl I lMrwm in phyt(]pkmk![m  dfl>lrllmtutm JS well A,
t31[)rc 51).],l]ly (i(,ii!lc(l fl,<llurt,\  \11(11<1~lrl)llt5, c,llll# (,\, and
rings  Ih15 p,Ip(.,  (fmlh.(,\  tho IIISJ,,KIC,II  ,111,1  I>IIYW(JI
,)<<,<IrI(,gr,IIIIIO<  lrd(,r”,,lli<,,]  p,cwIcl(scl I)y w.lc,tt(,d IIwtig(.\

ME1’HO130LOGY
l’llr  (,’oastal  ,%,,e  c,,l,,r  .Sca,,  ,,~~

lIw oIdy mstrumt.m in orbit whf{ fl W.]S  dmigm,d WM!.
c 1(1(  .IIIY to mea~url.  phytoplankt  or)  ptgment  con-
lontr, ]tions through olI..  m color IS tfw (; OCMMI  7ono
Color S{,mnw  (CZCS), f~”mllt.d  i“ octob~,  197ff  ,),,
Nmdws.7.  Ifw  Nimbus-7 ISd wn-$ynyhrcmous,,  pid.]r.
orb!tmg mlellitc  kwatcd  approxim,m.ly  !355  km above
(Iw earth, crossing  !hc equator d .qqm)xinmtc.ly  Iocaf
,,(,(,” ,2,,1

T h e  CZCS is J multtspectral r,ldi<lnltqer  ~l[h  Slx  ~{).
rrgidcrcd  amf internally calibrated spectral  b.mds.  }our
narrow bands (2(lnm)  wt. in the v!$.ifie w,wek,ngths
centered at 443,  520, 550, and 670 nm, choswr  (or
optimum ability to discriminate between variations in
phytopl.cnktun  piumcnt conce”tr4ti<>”s.>7’>B1i  IS,MMI  5
(700 -fftJo nm) prowdcs a means fordistinguishmg  fw-
twcen land, clouds, and waIM;  ff~”ff 6, a fhern,af  i“.
hwedband  (10.5  to 12,5  rim), formeasuwmcntofsea
wrfacetcmpnsr.mures.  The CZCShas  .+ground  rcsf)l(ltion
(pixel sizc)of  825 m a! nadir wtth each complcte two
minute nadir scene me.csurin~  approxmlately  770 km
along  thesa[t.llitc  track a!ld 1600  kmalcmg  lhcscanl!Jle,
Interference by sun glint  can be minimized by tilling the
scan plane  along  the satellite (rack  in 2 degree increments
a5 much as plus or minus 20 degrees from n~dir.~”~

Algorithms

In  order to extract the near surface pigment con.
cwrtration horn  thcradian[  energy d,]t,l  rcceivedbythc
CZCS, d h a s  bee”  necessary to correct fo,  ~adla”ce
b.xkscattered  from the atmosphere and  waler, Atmo-
spheric scattering, which can account for over 80% of the
satell!tc  received radiance, can be removed (hrouEh  a
C’orreclion  .dgorithm devek}Wd  by GOrdo” in 197fl,lCJ
wf~ich  corrects for  scattering from thea!r( Ray feigllsc~t.
k,ring) and  scwlcrin from p~rticlm  suspcndcdinthe. ]ir

!’,  IV(Jt.r[)s[J15catterlf1g).  ~’

The  mmr \urfacc  p igment  concentrat!~ns  are tlwn
computed hom corrected water-leaving radi.mcm by ,]
wcond,  b,o-opl!cal  .]lg{]rithm  develt]lN,d t) YGord””a,ld
Clink’ and modlherl by Clark  in 1981.  ‘(’ Thij  hio.optical
dgori[hm relates  watt.r.leavung spectr,al  r.uli,mrce  ratios to
Ilw comhincd  values  o f  tfw photosyntllt,til,] lly ,mtivc
p!gmcm,  cf]lorophyll  .iamf phacop!gmcnt J, rls JMocI-
.ltcdcjt,g,,l(i~  ti[]nproduci.  In,ltf{fitio”,  ,]”adlustm{.ntw,ls
made [o <ompc,nsatc  fur tfw upwclfcd  racfmocc  hom
vcrtic.llly dt.,lrdwlelf cfllorophyll  ,1 .md pfmcopq;uwnt  ,]
In Ihc  uppc,r  pm{ of the  wdcv  (ohmvl.  a’s

In tlw mhqy,ry gwwralwf  from the C7CS obwrv,itiorw,
tltf, c(]n)l)utt,(l  l)iglnc{lt>  l~,lvt. bt,(,ll~\fi#nod  col(jrs,  prtj-
du[ing,1 t of or WI(  mfmf digttal map of tfw  Adr!bulmn  of
I]hytoplankmn plgmcnt>  for contmm,]tion~  r,an):lng  be.
Iw(>(vl(l [)s Jmf !Omg/”,’ TIM,  color 1 oding  prop,rmws
fnml  111[> Idul,>  10 Ill,, rt.d, ,7, Ifw c(>rIcc,81tr,llrtBr15  m<  WJ.C.,
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THE MARGINAL ICE ZONE

The  nmrginal  icc zone ii a uniqut,  environmcn( he-
Cause o( ils inqmrtcmt  role  both as ,1 h.dlil.u  which sup.
ports extraordinary ccmccntrali(ms  Oi I)iom<lb> .1s well as a
complex  and dymmli(-  intcr(ace  Iwtwmm tlw atnwsphcw,
,md  dw ocean. This seasomdly  ch.mxing ik’e zone spans
.Ipproxlmately  7% 0( Ilw wodd’s  ocL,,m  during  Ilw yew Iy
Mlvan  cc, and relrc,a(  oi the.  ic’r cxlges,  covering ,approxi  -
matcly 17 million km: in the Antarctic and tt million km?
ill the Ar~(i~,  I ‘>.  ) 1 IIS inlportanCIJ  as a Imhil.n in pol.lr
regions is underscored by the  onhamwd s[andin~  sIocfi
.md biological activi!y found  at (he  ice edge. These
higher  trophic  level populations, in (urn,  reflect the rich
phyloplank[on concentrations associated  with the ice
edge which, exccp[ for spriog  bloom conditions, can he
3-4 limes higher than open  ocean waters  in both Ihc
~rct  ic ~“d Anlar~ti~,  21’44 These  ice-associated PhY-

toplankton blooms and under-ice algae provide a plen-
tiful food source for the herbivores such as amphipods,
copepods,  euphausids,  and cryopelagic  fish as well as (or
the  benthic  communities below. J’”2’~4 This abundant
iood  supply al the ice edge is, in [urn,  readily available to
the many birds and marine mammals which utilize the
ice not only as a food source, but also  for living space,
sheller,  transportation, isolation, reproduction, and sani-
tation.”zs

The physical processes which occur in the marginal ice
zone are extremely complex and dynamic. The presence
cd [he ice at the air-sea interface has a profound effect  on
{he  nature of these processes and can exert considerable
influence on momentum transfer from the atmosphere,
wrface  albedo, thermal insulation between [he  ocean
and atmosphere, wave damping, waler  temperature, and
Miinit  y.’6  Energy exchanges at the ice edge control the
seasonal movements of marginal ice zones some of
which (Bering Sea, Baffin  Bay, and the Southern Ocean)
advance and retreat as much as 10° in latitude each
year. ‘6,2’ Others, like the ice edge west of Spitsbergen,
remain relatively stationary. zb The marginal ice zone is
kept in a constant state of flux by the winds and currents
and may travel tens of kilometers daiiy, resulting in large
wind-driven salinity and heat fluxes.’”  The spatial con-
figuration of the ice edge is largely controlled by pre-
vailing winds and currents,  ”z’ wave action,za’>m  and
temperature of surrounding waters.’ ‘.2”  Changes in wind
direction relative to the ice edge and the local currents
eiiect  the shape and orientation of the entire ice edge and
cause  upweliing, downwelling,  divergences, eddies, lets
and  f[oe  ~oveme”I.  ) 7,26  It is hoped thal  the ongoing and

planned interdisciplinary studies will provide answers to
the  many unknowns about the complex physical pro-
cesses at this key geophysical boundary and contribute,
in turn, to an improved undcrs!  anding  of the associated
biological processes.

A model of (he seasonal progression of production in,
under, and near the ice edge has been described by
Nwbauer  and Alexander” (we  figure  I). In mid winter,
low solar  radiation levels plus hwwy mow  and  ice cover
s{werely  limit algal  growth under (he ice although some
lms  been reported during the  winter  Wasot,.  ”)””  Active
cpontic  dgd  growth on the undcrsidv  of (he ice begins as

ligh(  increases  in dle late winter  ml~ ewly  spring  and
rc,dws a peak in late May.  )J!J’]  ’$’-  During the maxi-
mum growth period O( the ice algae in late  winter, there
does  not  appear to Lx! very much production by the
phytoplankkm  in the waler  under d)e ice.’4 ~‘5  Active
grazing of the  ice alfr,<m by juwmilc  fishes, copepods,
polychaetcs,  amphipods and other species expedites the
trwwfer of the algoc  into the \vatcr  column below. ~‘,’4
Smith and Nelson*+ noled that, later in the  spring, ep-
ontic  algae arc released into the  stable  lens of meltwater
and those species capable of grow(h in this  environment
develop rapidly, creating a b100m cOndition  In areas like
the Chukchi and Bering Seas, where the ice edge retreats
across significant distances, the decline of the epontic
community probably corresponds with the disintegration
of the  ice itself. ‘“

As the level of solar radiation rises, algaf  growth in the
water  under the ice and in the open water along the ice
edge increases rapidly. The most significant production,
however, takes place M the ice begins to break up, with
the bloom reaching a maximum intensity within the
broken ice pack itself as well as in the waters influenced
by the melting ice.2’’’”2° There are still questions re-
garding the longevity of ice edge blooms but condition of
the ice, stability of (he  water column, and nutrient levels
are undoubtedly important. Saksh.aug’z  has suggested
that ice edge blooms may trail the receding ice edge,
scavenging the nutrients in the surface waters as they
move poleward to (heir minimum point of retreat. In
areas of substantial ice edge migration such as the Bering
Sea and the Southern Ocean, ice edge bkmms appear to
be relatively short-lived. 21,31.34 Conversely, in the mar-
ginal ice zone of the East Greenland Sea, which main-
tains a relatively permanent location in the vicinity of the
Mohn Ridge, the bloom is thought to persist as long as
sufficient light is present.26

The exact mechanisms which cause ice edge blooms
to develop are driven by the physical dynamics of the
complex ice edge environment and are still not yet fully
understood. Some of the mechanisms which have been
proposed are:

1.

2.

3

Stabilization of the water column. The highly stable
layer of low salinity meltwater  appears to help nlain-
tain the phytoplankton in the photic zone where they
can take full advantage O( the favorable conditions for
growth and reproduction.z’ 22.2’’26’ ‘“

Upwelling.  Wind-driven upwelling  at the ice edge,
which brings  increased nutrients to the surface and
stimulates phytoplankton  growth, has been both
~odelledW  )’~,4{)  and observed i“ the Arcti c.’ 7,40,4’

The low concentrations of nutrienls in Arctic waters
are re(lected  in the low levels of primary productivity
which characterize these waters during non-bloom
periods, 2221’ In the Antarctic, however, nutrients are
not considered 10 be an important limiting factor
because nutrient levels  are consistently high dwough-
out the surface  water.24

Epontic  Algae. The abundant populations of cpontic
algae appear 10 provide a valuable  inoculum to the
spring  blooms d the ice edge although the exact role ,,. . .
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Closed pack Edge zone Open water

~~ee-.- ~

lmol- SEASONAL MODEL

1000

900

800 I A
700 – Early spring

6 0 0 -

500 – Late spring

400 -
300 –
200
100 Ice algae contribution
o~

Late winter
Mid-winter

Figure 1. Conceptual model of the ice edge ecosystem in the Southeastern Bering Sea fSource:  Niebauer  and6
A/exander21).

of these algae in the succession of the ice edge popu-
lations is still under investigation.z 1,2+26.33

4. Mesoscale Eddies. Mesoscale eddies along the ice
edge in East Greenland Sea have recendy been found
to be an important means for transport of  nutrient rich
water to the euphotic  zone and for controlling the
distribution of the entrained plankton populations.26

While some of these physical  a“d  biological inter.
actions which develop and maintain the greatly en-
hanced populations of plankton at the ice edge are
understood, it is clear that there are many complex
questions which will remain unanswered until further
research on the subject has been completed,

IMAGERY FROM THE DENMARK
STRAIT BETWEEN ICELAND

AND GREENLAND
The first image to be processed along !he marginal ice

zone was in an area of the Denmark Strait between
Iceland and Grecnlandon  9April  1979. Thcspecific  area
of interest isshownin  Figure2,  an inlagchonlthe  U.S.
Air Force Defense Meteorological Satellite Program
(DMSP).  The ice extends ironl Greenland northeast
,Icross  the Dcmm.ark Strait close to the northwestern tip  of
Iceland. In an enlarged view of this area (Figure 3), using
band 5 of ihe CZCS (750 rim), the melting ice can be seen
mixed together with various sized floes  along the ice edge
between the open watcv and the first year ice. Figure 4, a
CZCS image  of the same area  depictil,g the  nb””da”ce  of
phytoplankton  pigments, shows  a well-defined region of
greatly  increased phytopl.mkton pigmen[ concentration

along this melting ice edge. The nofthern  edge extends
well into the ice pack with its highest values occurring
close to the ice. The southern edge of the bloom is a
cyclonic  eddy-like feature with a tail of decreasing pig-
ment concentration trailing to the south  and east.

This feature appears to be an ice edge bloom respond.
ing to the seasonal increase of solar  radiation, breakup of
the melting ice pack, seeding by epontic  algae, and
increased nutrient supply. In (his case, nutrient enrich.
ment may be due to the fact that this particular pad of the
ice edge is located in an active area of interface between
two major water masses (see Figure 5). Cold, low salinity
water from the Arctic meets the warmer, more saline, and
highly productive Atlantic waters carried north by a
branch of the Gulf Stream. 4 3” 4’ The kminger Current
flows north as an extension of the North Atlantic Current,
splitting into two branches west of lceland.  The western
portion of the Irminger Current meets the East Greenland
Current and flows south to form a cycionic eddy in the
lrminger Sea. The eddy formation shown in the CZCS
image probably resulted from the influence of these
converging currents and the interaction between pre-
vailing winds and the ice edge, Smith el a/.26 recently
reported the dramatic effect that wind and currents can
have on eddy formation in (he East Greenland Sea mar-
ginal ice zone, observing production of mesoscale  eddies
of nutrient rich water as a direct result of the juxtaposed
warm and cold currents in the area.

The complexity of the currents around Iceland is fur-
Iher complicated bythe  north-south fluctuations of the
boundary between Atlantic and Arctic waters  from ymr
to year. 4J-44 AS climatic  conditions have changed Ov@r

the yews,  the position  of the t wo water masses has shifted
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Ilw ice on phytnplankton  growth  and  highlights  several
importim[  physical oceanographic (eaturw  of dw Norton
Sound area. The  high pifpnenl  ccmccntrati(ms  apparent
oil  12 May, west of Ihe entrance 10 Norton Sound  may IN
an example  of the in(cmse  phytoplank  ion blooms  aswci  -
atcd  with an aclively retreating icc front.  The ice edge  in
IIW Bering Sea dml( is known m be an area of intense
surface blooms, particularly during breakup and retreat
O( the ice, and may account for a significant or(ion  of the1’
annual  production of the Bering Shelf. 52’  4 Significant
levels  of chlorophyll have been recorded within lhc
broken ice pack as light becomes available 10 algae in a
water column still stable  due to the presence of the ice.54

Rt,~iuns  oi ice dush ore appmnlly  parlicwlarly  we l l
wiled  (or dimom growth  and  ham  been observed  t o
produce very Lw&  blooms within a period of 24
IWWS,$’’’’OI1  12MaY,  lheareaOf  ice slush  which  can ~
won  on (he DMSP  inw~c! corresponds with  the Iocalion
O( the blooms evident in the  CZCS for [he  same day.
Alcxcmdm  and Cocmey’4  have reported high chlorophyll
levels  ranging (rcxu o-213.7 mg C/nl’  in the ice in this
same area. By 29 May, the bloom appears to have
disappeared along with any  indication o(actively  melting
or slushy ice. Only a few isolated areas of elevated
pigment concentrations can be seen near the edge of (he
ice. The distribution of the pigments in the bloom outside

rigure  4. CZCS false  color image  O( ice edge bloom at (he marginal  ice zone  bc?rwcen  Iccl.md  and  Greenland, 9
April f 979 (Courics  y cd Dennis K. Clark,  NOAA/NESDIS).
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Figure 5. Curren[s  in the vicinify  of  /cc/and (afier references 44, 47-49).

the entrance to Norton Sound reflects the large scale
offshore circulation in which net \\,ater transport is North
toward the Bering Straits and prevailing winds which
tend to be out of the south at this lime of the vear. szs+

Within Norton Sound itself,  the  distribuliOn  of the
phytoplankton pigment concentrations delineates some
O( the regional oceanography, Circulation is generally
weak, cyclonic,  and  can be divided into t\vo distinct
regions between Cape Darb), and Stuart  island.5{],5J The
direction of flow is evidem i“ both  images  fro” the
distribution of pigments in the waIer  and by dle plume of
suspended sediments irom the Yukon Kiver.  The river
dischargm  large amounts of scdinlcnt  and water  dining
spring breakup (estimated at 88 x 10(’ tons annually). ‘(’
Part of the plume appears to travel north across the
entrance to Norton Somd  \vhile the re”>ai!>dtir  fk)ws
westward into the f3ering  Jnd east\vard along the shore-
line cd the So”n[l. Within  the Scwml,  the  Pl””le  IraveIS
dcmg  the coJst  10 Stuart M,md  where  3 small  portion
turn>  rmrth  toward Cape  lhrby.  1 he  mmainclcr  contincms
along  the. wuthcastwn shoro  {Ii the Srwnd.

CONCLUSIONS
This study of CZCS  imagery from twodifferen[  high

latitude locations demonstrates that,  despite cons[rain[s
imposed by cloud cover and algorithm limitations, the
CZCS is a valuable means for  studying mesoscale  physi.
cal and biological oceanographic phenomena in the
Arctic and Antarctic. Persistent cloud cover in both polar
regions can Iimitthe  obsewation ofspecific  phenomena
but, where cloud-free areas are available, the imagery
provides detailed information on the complex open
ocean and iceedge  processes aswellas  occasional time
series which make it possible to follow these processes
over varying periods of time. Presently, uncertainties in
the algorithms prevent use of quantitative CZCS pignlent
retrievals but the relative distribution patterns oiphy-
topkmkton pigment reveal a grecu dcd about  tfw relation-
ships between oceanographic processes and biological
production. It is hoped that the research now being
carried out on aigoritllm refinenlcnt for fiigh  L]titucfc
imagery will confirnl  the accuracy cd pigmenl  con-
cc.nlr,l  lions  dwivml  fronl [his  dJIa.511
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Hgure  10. CZCS L?lse  color im,?ge oi tlw retrmting  ict,  cdgr  ;n  dJe  Fastcrn  Liering  Sea and Norton Sound,  29  M,Iy
/ 979,

Irilmtion  by high l< Nitudc  production 10 [he prim.lry pro-
ductivity 0(  the glolml occwn.
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