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Local and migratory movements of Hawaiian
humpback whales tracked by satellite

telemetry

Bruce R. Mate, Robert Gisiner, and Joseph Mobley

Abstract: We examined inter-island movements and
tagged during March and April 1995 with satcllite-m
(x=8.5 = 2.7 dvys) snd produced 366 edited Jocatj
editing, saellilcacquired locations ranged from 1.8
km to Qahu in 4 days. Another visited Penguin Ban

migrating from Hawsi'l toward Alaska.

[Traduit per Iz Rédsction)

Introduction

Qur current knowledge of the seasonal distribution and move-
ments of humpback whalcs (Megapiera novaeangliae) in the
North Pacific Ocean has been picced together from whaling
data, photo-identification studies (Baker et al. 1986; Darling
and Jurasz 1983), and DNA analysis (Baker ef al. 1990). The
calving and breeding population that ovenwinters around the

offshore migrations of six humpback whales (Megapiera noveeangliae)
onitored radic tags off Kaua'i, Hawai'i. The tags wrensmiticd 0.5-17 days
ons. Tolal trave] distsnces per individual ranged froms 30 to 1860 km. Afier
10 3.9/day for individuals (group average 2.7/day). One sdult traveled 250
ks and five islands (820 km) in 10 days, suggesting faster inter-isiand
movement thay had been previously thought, Three whales traveled independent, paraliel courses toward the vpper Gulf of
Alaska on north-northeast headings. A female with a calf was the fastest: 670 ki in 45 days (150 km/dsy). Another adult
traveled 1610 km in 14.7 days (110 km/day). The average speeds on the two Jangest tracks were jdentical (4.5 kimvh), A 4200-
km migration to the npper Guif of Alaska at that speed would take 39 days. ¥f the fastest whale’s speed was maintained on a
strajght course, the entire migration could be accomplished in as Kittle time as 28 days. Based on the twa longest tracks, the first
third of the migration route is within 1° of magnotic north. These data represent the first route and travel specds for humpbacks

Résumé ; La rediok)émeéitrie par satellitc nous a penmis d'étudicr les déplacement entre Jes les ef les mouvements migraloires le
long dt la cdic chicz six Rorquals A bosse (Megaprera novaeanghiae) marqués en mars etavril 1995, au large de Kaua'i, Hawaii.
Jours) ct, apris un tri, 166 repérages ont €1 gardés pour analyse. Les
distances totales parcourues par Ies individus s situsient entre 30 ¢t 1860 k. AprSs lc U, kes repérages acquis par satellite
allaient de 1,8 3,9/Jour (moyenne du groupe, 2,7 tepragesfjour). Un adulte s'est déplacé sur une distanes de 250 km jusqu'a
Ozhu ¢n 4 jours. Un sutre 2 visité Penguin Banks e1 cing Tles (820km) en 10 jours, ce qui représente des déplacements entre fles
Pplus rapides qu'on ne Favait cru 3 ce jour. Trois rarquats ont suivi des par cours paralizles indépendants vers 13 panic
supéricure du golfe d" Alaska cn direction nord-nord-cst, Clest uric femelie avee un petit qui a falt Ie parcours le plusrapide : 670
km en 4,5 jours (350 knffour). Un autre adulic 2 voyage 1610 km en 14,7 Jours (110 kin/jour). Les vitesscs moyenoes des deux
percours les plus longs ze soat avérées identiques (94,5 knw/h). A cette vitesse, la migration de 4200 ke jusqu' I= partie
supéricure du golfe d'Alaska prendrait 39 jours. i le rythme de croisi2re du rorquat Ie plus rapide était maintenu sur un parcours
en ligne droite, Ja migration pourrait ne prendre que 28 jours. D'spris les deux parcours les plus longs enregistrés, le premier
tiers de la youte de migration est 3 moins de 1° du nord magnétique. Ce sant Ja les premiers résultats jamais obtenus sur Je trajet
migratoire ot 11 vitesse de nage de Rorquals 3 bosse en migration de I'archipel d'Hawal'l vers I'Alaska.

Les marqueurs ont fonctiomné 0,5-17 jours(x=85x27
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"and the relative proportion of identified individuals is low. As

Hawaliag Islands (Herman and Antinoja 1977; Herman et al.
1980) bas been linked primarily to southeast Alaska during
the spring/summer/fall feeding season (Baker et al. 1985;
Darling and McSweeney 1985). However, a few identifica.
tion photographs match animals identified in Hawai'i to ani-
mals at California summer feeding sites (Baker e al. 1986)
and also to animals at a Mexican winter breeding area 800 km
south of the tip of Baja California Sur, Mcxico (Darling and
McSweency 1985). Despite efforts to relocate humpback
whales at sea during the migration, few bave been observed
and the actual migration route(s) is (are) unknown (Baker et
al. 1985). Several investigators have used photo-identifica-
tion of individual whales to study inter-island movements and
Identify where whales migrate, but coverage areas are large

a consequence, analyses of resightings provide conservative
estimates of travel speed. Obtaining accurate speed estimates
on migration routes requires considerable survey cffort at
many sites to detect departure and arrival times.
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This study is the first to examing the details of inter-island
movements and the early migration route of Hawaijan homp-
back whales by means of satellite-monitored radiotelemetry.
Radiotelemetry requires no additional field effort after tap-
ging to obtain the frequent “resightings” (locations) that pro-
vide detailed migratory and local movement data.

Materials and methods

Between 26 March and 2 Apiil 1995, we tagged six humpback
whales off the southwest coast of Kaua'j with Atgos satcllitc-moni-
fored ultra bigh frequency (UHF) radio tags. The Argos Dote Collee-
tion and Locution Service uscs feceivers on Nationa) Oceanographic
3nd Atmospheric Administration television infrared observational
satellite (TIROS-N) weather saicllites in sun.synchronous polar
orbits (Fancy et a). 1988). Locations are calculated from the Doppicr
shift of received meseages resulting from the movement of the satel-
lite. Location accuracy js dependent on the number of messages
reccived and on their apaci g during satclite passage over the trans-
mitter (aversge duration 10 min, maximum duration 16 min). Each of
thres active satellies provided 3-4 orbits/day passing over Hawai'i.
We refer to such orbits as

Each tag (Fig. 1) consisied of 2 Telonics ST-10transmiticr housed
in 3 sialnless-siee] cylinder (2.5 cm diameler x 17 am; 495 g) with
two Saft? lithjum Crccll batteries, We eslimaied the 12¢’s operational
life at 220 days. An amienna (3 mm x 17 em) of stainlcss-stee} cabje
covered with shrink wrap was mounted jn an endeap. Next to the
anienna, a 5-m plece of cable with its Jower half shrink-wrapped
acied as » conduclivity sensor 1o prevent the Lag from transmiiting
while undenwater, thes prolonging baltery life. Two stainfess-stoe]
subdermal anchors (6 mm x 15 cm) were silver-soldersd (o the hous-
ing. Each anchor had a Cuiting blade and 10 stainjess-siec! wires .2
™I % 3 om) attached io the distal end. Each wire was bent 1 promote
latersl displacement (and therefore hold better) if the tag started to
back out. Teg transmissions fasted 320 ms and consisted of an idemi.
fication code and 3 64-bit message relating comulative tme spent gt
the surface. Transmissions oceurmed dering 6 of every 32 h coincid-

ing with good satelliie coverage and an average of six possible passcs -

per day. Argos requirements limited trensmission 10 00 more than
once every 20 s.

We tagged whales laic in their Hawaijan Island occupancy o
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examine inter-island movements and their departure points for the
spiing migration o Alaska. Al) whales were tagged between Port
Allen and the Napali Coast within 8 ke of shore from a 5.5-m Boston
whaler with twin 70-b.p. engines. We slowjy approached individuals
and groups of up 10 six animals 10 Within 3~7 m for tagping. Tugs
were spplied with & modified 68-kg Bamett compound crossbow, A
C-shaped cup at the end of 3 pushrod held the tag and o trailing string
recovered the pushrod afier tag attschment.

Localjons were edited from the datz if the calculsted speed
between consecutive locations excecded 12 lon/h for periods >2 b or
16 knvh for perfods <2 b (essuming 2 S-km radial error around each
location), -

Results

Whales exhibited no obscrvable overt reaction to tagging
beyond that elicited by a close boat approach without tagging.
We obtained data for 0.5~17 days (x =85 = 2.7 days) from
2]l six whales (Table 1): a female with a calf, four adults of
unkpown sex, and a smaller whale of unknown sex that may
have been immature, The number of locations varied from 1
to 66 per whale. The mean number of locations per day varied
from 1.8 10 3.9 ( = 2.7 = 0.03 locatjons/day) per individual
and provided records of movements ranging from 30 to 1860
km, for 2 total of 5240 km (¥ = 870 = 298 km).
Approximately 80% of all the animals we encountered dur-
ing the 2-week field season moved from east (o west along
the southwest side of Ksuz'i. Five of the tagged whales
moved clockwise (starting with east to west movement) along
the Kaua'i coast. Four of the six tagged whales were relocated
exclusively ncar or north of Kaua'j, One whale (No. @) was
relocated only once, 32 km from the lag site, 11 h afier teg-

ging.

Inter-island movements

Two of the whales (Nos. 3 and 5) visited other islands (Fig.
2). Whalc 3 pearly circumnavigaled Kaua’i before traveling
10 the west coast of Oahu, a total of 250 km, in 3.9 days (¥ =
60 km/day). Whale § moved clockwisc around Kaua'i to the
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Fig. 2. Tagging locations and movements of thres satellile-monitored humpback whales tagped in March and April 1995 off Kaua'i, Hawai'i.

“Table 1. Summary of tagging durstion, edited locutions, distances uraveled, and average Irave] speeds (distance/time)
of six humpback whales equipped with satellite-monitored radio tags in March and April 1995 off Kaua'i, Hawal'i.

No. of
Tagging cdited Time Dislance  Avg. speed

Whale No, Age date locations (days) (km) (kmy/day)

1 AdulVealf 26 Mar. 12 4.5 670 150

2 Adult 27 Mar. 32 14.7 1610 110

3 Adult 27 Mar. 7 39 250 60

4 Adult 1 Apr. 1 05 30 60

5 Adult 1 Apr 33 99 820 80

6 Juvenile? 2 Apr. 66 170 1860 110
Tota 151 50.7 5240
Unweighied mean = SE 8527 870290 9014

Whale 1 is a female with a calf and whales 3 ond § are adulis of unknown sex.
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.~ Eage 3 Movements of an agul; humpback whale (No, 2)andsg

smaller individual (possibly juvenile, No. 6) migrating from Kaua',
Hawai'i, toward Alaska on a beading vory close {omagnetic north.
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nostheast coast, across the Kaua'i Channel 1o Oahu, 2jong the
north coast of Qahu, then across the Kaiwi Channel 10 the
northwest tip of Molokai, south to Penguin Bank (southwest
of Molokai), and into the Kalohj Channe] between Molokai,
Lanai, and Maui (Fig. 2). Thus, in 9.9 days the whale traveled
at Jeast 820 km (£ = 80 knv/day) through the coasta] waters of

five of the Hawaiian Istands. This movement across such a
large portion of the winter range is more rapid than had been
previously suspected.

Migration

last Jocated 260 km north-northeast of the tagging site. An
adult of unknown age and sex (No. 2; Fig. 3) traveled 1610
km between 32 locations in 14.7 days (¥ =110 km/day), mov-

" unknows sex (No, 6; Fig. 3) that was last focated 1496 km on

a 10° heading from the iagping site. Magnetic north js 10°31°
east of tnue north at Kaua'i,

Speeds '
Trave! speeds of individua) Whales ranged from 60 to 150
km/day and the average speed of all animals was 90 = 14 km/

two longest ranging animajs (Nos. 2 and 6) had identical
average speeds (4.5 kmvh). Not surprisingly, animals thay
moved in a more consistent direction probably traveled
longer distances between locations and kad higher average
mles of movement than whales meandering among the
islands.” The' extent to which whales meander may provide
insight into some whale behaviors (scarching for prey or
mates versus migration) and can be expressed as a percentage
of fotal distance traveled to achjeve the **net” movement
from the tagging slie 10 the Whale’s last Jocation. Thus, the
femalce with a calf (No. 1) meandered more (39% net straight.
line movement) than the longest ranging whale (81%). For
the latter whale, its net rate of progress dropped from z travel
speed of 4.5 km/h down: 1o 4.0 km/h.

Animals moving about in the Hawaiian Islande likely trav.
eled greater distances than is indicated by the straight-line
distance between only a few locations per day. The femaie
with a calf (Ne. 1) had only an average number of Jocations
per day (2.7), so her high Everage speed (149 kim/day) was
not biased upward by the fact thaf she had more locations per
day than other whales.

Because we did not follow tagged whales, we do not know
for sure why we stopped receiving messages. Howcver,
when we made follow-up observations of 11 of 12 13,
right whales (Eubalaena &lacialis) (Mate o1 al. 1997), there
were no signs of any serious injury or mortalities. We belfeve
that transmissions Stopped when the tags® attachments
worked Joose and the tags were lost.

Discussion

The distances between just a few Argos-determined locations
each day result in conservative estimates of distance traveled
and speed. The speeds reported here are close 1o those
observed for satcllite-monitored right whales traveling com-
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parable distances at 3.5-3.7 km/b (Mate and Nieukirk 1997)
and for a northbound migrant grav whale (Eschrichtius
robustus) at 4-5.1 km/h monitored by conventional telemetry
(Mate and Harvey 1984).

The trend of tagged whales to move in a similar direction
around Kaua'i and the high degree of mobility they demon-
strated within the Hawaiian Islands suggest that at times, ani-
mals’ movements may nat be random. Thus, if whalcs
somelimes move in a consistent direction, surveys (o cstimate
the population need to be carried out in a short period of time
to avoid counting animals more than once. Baker and Herman
(1981) suggested that whales move inio Hawai'j at the south-
cast end of the island chain at the beginning of the winter sea-
son and depart from Kaua'i, the most northwesterly island.
The three departures we documented from Kaua'i support the
latter pant of their hypothesis, but indicate that movement
through the islands is not unidirectional.

With the exception of Penquin Bank, which is a shaljow
area of known humpback whale concentration, travel between
islands appeared 1o be reasonably dircct. This suggests that
humpback whales in Hawai'i have a stronger preference for
shallower coastal waters than for deeper inter-island chan-
nels. The movement of the female (No. 1) with a calf could be
an exception. Females with calves are frequently among the
last whales fo leave the islands. If the tagged female with a
calf (No. 1) had not actually left the islands to migrate, ifs
meandering route is more understandable and may represent
oftshore milling behavior as the calf's strength develops.

The cues humpback whales use to navigate during migra-
tion are unknown. The consistent direction and speed of
whales 2 (farge) and 6 (smaller) moving away from Kaua'i
toward Alaska suggest similar migratory comidors for ani-
mals of different ages, which are within 1° of magnetic north
(10°31") (Fig. 3). Although these data arc consistont with the
hypothesis that whales use magnelic oricntation 2s a means
of navigation (Walker et al. 1985; Bauer et a). 1985), it may
be a coincidence that their destination happens fo be on that
bearing.

The dircction of travel for whales 2 and 6, if continued,
would Jead to a destination in the Gulf of Alaska up to 4200
km from Kaua'i. The currents north of Kaua'i tend to be neg-
ligible in March and probably did not influence the overall
trajectory of the tagged animals. Humpback whales appear at
several widely separated Alaskan locations at the start of
sumimer, including the Guif, the eastern Aleutian Chain, and
southeast Alaska (Baker et al. 1985). The Jatter two locetions
are within a few hundred kilometres of the projected straight-
line track that we gbserved. The course and speed of hump-
back whales may change as they ncar their destination. Croy
whales increase their speed as they move farther north from
their breeding/calving area (Mate and Harvey 1984), per-
baps in part because of progressively less breeding aclivity
cn roufe.

The whale with the Jongest track (No. 6; Fig. 3) covered
approximalely 35% of the distance o the Gulf. With a net
speed of 4 km/h, the entire migration would be accomplished
in 44 days. However, if a calculated average speed of 5 or 6
km/h was efficicnily maintained "on course,” the migration
could take as little as 35 or 29 days, respeetively. Proof that
such average speeds are sustainable comes from one photo-
identificd humpback whale cbserved in Hawai'i 37 days after

its siphting in southeast Alaska (Gabriele et al. 1996).

These satellite~monitored radio-tag data arc the first to
describe the youte and initial rate of travel for the spring
migration of humpback whales from Hawai'i. Tagging ear-
lier in the winter season and with longer duration tags will
produce more information about inter-island movements,
Tagging at different islands will generate more information
about migration departure points. Longer duration tags will
better describe the migration routes and rates.
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