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ABSTRACT 

Two sperm whales tagged with acoustic transponder tags were tracked by 
sonar during a cruise from 16 to 30 October 1991 in the southeast Caribbean 
west of Dominica Island. The whales dove to depths of 400-600 m and more, 
including a dive to 1,185 m and one possibly to 2,000 m. They were tracked 
for periods of 3-14 h, over distances of 8.5-40 km. The tagged whales were 
found together four and eight days after tagging, and were tracked simultaneously 
for 13 h, over 31 km. Whale movements on different days at the surface 
averaged from 0.68 to 0.82 m/set, with dive descent rates from 0.82 to 1.13 
m/set, ascent rates from 0.74 to 1.16 m/set, and horizontal movement during 
dives from 0.76 to 1.29 m/set. Dives lasted from 18 min to 1 h and 13 min, 
averaging 33 and 41 min on different days. Every track ended when tag signals 
became obscured at night by dense biological scatterers concentrated in offshore 
areas where the whales were diving. Both tagged whales appear to have been 
males of 15 and 11 m, each dominant in different groups; but when together 
the larger whale was dominant, as evidenced by chases and agonistic vocalizations. 
The whales did not appear to react to the tags or to the sounds associated with 
tracking (30, 32, and 36 kHz). 

Key words: sperm whale, Physeter catadon, diving, tagging, transponder tag, 
sonar tracking. 

Sperm whales (Physeter catodon) of the southeast Caribbean were observed 
during our 10 previous visits since 1979 as they moved slowly along the 
Windward Islands (c- Watkins 1980, Watkins and Moore 1982). Numerous 

dives by these whales of more than 1 h were observed, including a dive of 2 h 

and 18 min (Watkins et al. 1985). Scanning sonar was used to follow individuals 
occasionally to depths of 500 m. Arrays of hydrophones were used to locate 
and track whales by their sounds (Watkins and Schevill 1972), and distinctive 
sequences of sound were recognized as being shared by particular groups of 
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whales or repeated by certain whales (Watkins and Schevill 1977, Watkins et 
al. 1988). However, the positive identification of individual whales by the 
sounds they produced has seldom been possible. 

To meet this need, we developed an acoustic transponder tag to be tracked 
by sonar for positive identification of individual whales over extended periods 
as they moved underwater. Tag signals could be located also by hydrophone 
array and correlated with the positions indicated for vocalizations produced by 
the tagged whale. The tag transmitted only when interrogated so that its signals 
could be produced sparingly, or not at all if whales reacted to the sounds. 

Five species of baleen whales were tagged previously with similar tags (for 
example, Balaenoptera phy.taZa.s, Watkins et al. 1984), and the attachment was 
tested on sperm whales (Watkins and Tyack 1991). All of these whales had 
little reaction to tagging, but they responded to ship maneuvers and to noise of 
objects striking the water nearby. The tags (implanted in surface tissues of a 
whale’s back) have not resulted in any infections, and they have remained in 
place over tracking periods of 2-6 wk. It is likely that such tags would be 
rejected by the tissues by at least 12 wk. Whales that were seen again after tags 
had fallen out had no visible scars at the tag site (see Watkins and Tyack 1991). 
The acoustic transponder tag was designed to fit this same well-tested attachment 
system developed for the HF radio whale tag at the Woods Hole Oceanographic 
Institution (Watkins et al. 1980). 

We report here the use of acoustic transponder tags to track sperm whale 
movements underwater. 

METHODS 

Sperm whales were tagged and tracked during a cruise from 16 to 30 October 
1991 in the southeast Caribbean, off the island of Dominica using the quiet 
32-m ship, ABEL-J. Whales were located visually, as well as with acoustic 
localization of their sounds by hydrophone array (Watkins and Schevill 1972). 

Sperm whales were approached for tagging as described by Watkins and 
Tyack (199 1). Tags were attached from a shoulder launcher using the WHOI 
whale tagging system (Watkins et al. 1980, 1984). Tags were placed on whales’ 
backs, down far enough from the midline for tags to be submerged much of 
the time during whale surfacings. Tags were implanted at a low angle of 30” 
in the surface tissues using a special low-angle point (Watkins 1979). 

The sonar transponder modules for whale tags were fabricated by Datasonics 
Inc. (Cataumet, MA) for use in conjunction with a 360” omni-sonar operating 
at 36 kHz (CDS-40, by C-Tech Ltd., Cornwall, Ont.). Transponders were 
interrogated with 30-kHz signals synchronized with the sonar scan (with or 
without output from the sonar) so that tag replies were displayed by sonar with 
accurate bearings, distances, and vertical angles. Tags responded with 7-msec, 
36-kHz pulses at levels averaging 180 dB (re 1 v/FPa at 1 m) and 32-kHz 
telemetry pulses (encoded to 3,000 psi). Tag depth calibrations were confirmed 
when tags were lowered on a wire to 300 m, and telemetry readings were all 
found to be within 20 m of measured wire lengths (no compensation for wire 
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catenary), and errors did not increase with depth. Equivalent, consistent responses 
were given by the different tags at all depths. 

The sonar dome and an interrogation transducer were on a 1.2-m V-Fin 
towed off the ship’s stern quarter at a depth of 3.5 m. Another interrogation 
transducer on a 33cm V-Fin was towed at a depth of 30 m. This sonar tracking 
system could be operated while the ship was underway at speeds up to 15 km/h 
when tagged whales were within l-l.5 km, but for tracking at greater distances, 
speed had to be deceased to reduce noise. Tags could be tracked at distances 
of 2-4 km, but they were usually followed at distances of 0.5-1.5 km. 

The tag signals and whale sounds could be located also by a four-hydrophone 
array (cf; Watkins and Schevill 1972), which was more sensitive than the sonar, 
but could be used only when the ship was stopped. Horizontal and vertical 
directions for these sounds could be obtained from the three-dimensional array 
data, and tag signals could be measured to confirm depth telemetry and dis- 
criminate between tags. A computer analyzer (DTODIF software by Fristrup) 
provided immediate display of sound arrivals on each hydrophone of the array 
for ease in tracking. 

The first tag (007) was interrogated only occasionally (intervals of l-5 min) 
until we were certain that the whale was not responding to sounds produced 
by the tag on its back. Tags were interrogated more frequently on succeeding 
days (8 set maximum at 2 km sonar range). Whales were tracked by correlating 
data from visual observations of surface activities, from tag distance and depth 
telemetry, from sonar scaling of bearings, vertical angle, and distances for tag 
pulses. Ship positions and tracks were from satellite (GPS, SatNav) navigation, 
speed log, gyrocompass, and wind-speed data automatically recorded every l- 
2 min along with tag depth telemetry and sonar tracking information. 

RESULTS 

Observations-Sperm whales were found within 15 km north, west, and south 
of Dominica Island in small groups, moving slowly, and diving for varying 
periods. During 9 d, we saw 46 sperm whales, including 4 calves. The whales 
varied in size from 4.5 m (newborn) to more than 15 m, while most adults 
ranged from 9 to 10 m. At least 23 other sperm whales were indicated by the 
hydrophone array but not located. 

Whales often were within 5 km of shore during the day, but with nightfall, 
they moved offshore south of the island (Fig. 1). The whales usually remained 
together as scattered groups, diving or moving slowly near the surface. Small 
calves stayed close to the surface, attended by one or more adults while others 
were diving, and the presence of smaller calves appeared to educe cautious 
behavior from the entire group (quiet, guarded movement away from boats and 
other animals). 

Although we carefully avoided disturbances, there were days in which we 
could find only a few secretive, quiet whales. These days coincided with the 

occurrence of underwater sounds from nearby military submarine sonar on 23, 

26, and 29 October, not heard on other days. At 1132 on 26 October, while 



58 MARINE MAMMAL SCIENCE, VOL. 9, NO. 1, 1993 

W61’ 30’ W61 15’ 

50.0 $ 

-30.0 
- 

\D Dominica L7 

s 007 210CT91 
- 005 240CT91 
- 005 & 007 280CT9I 

.30.0 -10.0 10.0 31 

N15=‘35’ 

N15’ 15’ 

1 

East-West (km) 
Figure 1. Tracks of the ship during sonar and array tracking of the tagged whales 

were plotted (dots) for whale 007 on 2 1 October, (triangles) for whale 005 on 24 October, 
and (squares) for both whales 007 and 005 on 28 October. Whales moved southward 
during each track. The three increments plotted for the track of 21 October were ap- 
proximately 1 h each, and the first and last increments of the tracks for 24 and 28 October 
were also 1 h long. The rest of the tracks were in 2-h increments. 

we watched and listened to two whales (coda exchanges), a high level submarine 
pulse was received by the array. Immediately, the whales became silent, sub- 

merged, and disappeared. They could not be found again that day. 
The tagged whales had little response to tagging and no apparent reaction 

to the presence of the tags or to sounds produced by tags on their backs (32 
and 36 kHz). They also appeared to ignore completely our interrogation signals 
tk3: :Hz) and the outgoing pulses produced occasionally by the omni-sonar (36 

2. 
The two sperm whales that we tracked (007 and 005) were probably males 
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because of their size and behavior (Best 1979). Whale 007 (15 m) was with 
a group of 28 smaller (9-10 m) whales on 2 1 October, whale 005 (11 m) 
was with a different group of six smaller (9-10 m) whales on 24 October, and 
both whales were together with a third group of seven other smaller (9-10 m) 
whales on 28 October. These groups appeared to be stable throughout the 
tracking periods. The tagged whales had each joined different groups of smaller 
individuals for at least a day. When the two tagged whales were together (28 

October), the larger whale appeared to be dominant as evidenced by agonistic 
vocalizations and occasional chases. Both of the tagged whales remained within 
1 km of other whales of the group throughout the day. 

At night in offshore areas, tag signals received by the sonar consistently became 
increasingly masked by “noise,” attributed to sound scattering by biological 
organisms moving upwards during darkness. Reception of tag responses was 
also limited by tag orientation (omni-directional except toward the attachment), 
by the intervening positioning of the whale’s body or the ship’s hull, by the 
amount of tag immersion (sometimes out of the water during surfacings), as 
well as by distance. 

Tracking--A 15-m whale was tagged from a scattered group of 28 whales 

at 1547 on 21 October with tag 007 at a location 5 km off the southwest 
point of the Island of Dominica (15”10’52”N, 61”25’12”W). Whale 007 was 
tracked (Fig. 1) as it moved 8.5 km offshore during 3 h (1547-1846). The 
whale remained submerged until 1700, 1 h and 13 min, and then it swam 
near the surface by itself for 44 min, averaging 1.2 m/set for both periods. 
Then, during the third hour, the whale’s position appeared nearly stationary as 
it moved slowly at the surface against a 0.55-m/set current from the southeast. 

Signals from the tag on whale 007 were only sporadically received while it 

was close to the surface (tag apparently often out of water), but the whale’s 
position was confirmed by seeing the tag at 1744. Sounds identified with the 
location of this whale were then tracked with the array during much of the third 
hour. Tracking was discontinued at 1846, 3 h after tagging, because the whale 
became silent, darkness precluded visual identification, there were no more 
identifiable tag signals, and the sonar display was increasingly cluttered by noise. 
Other whales were located over the next few days, but whale 007 was apparently 
not with them. 

An 1 l-m whale was tagged from a group of seven at 1054 on 24 October 

with tag 005 at a location 3 km west of Grand Savanne, Dominica (15”26’34”N, 
61”29’12”W). Whale 005 was tracked for 14 h over 40 km, at speeds of 0.5- 
1.06 m/set, averaging 0.78 m/set as it moved southward and offshore (Fig. 
1). It moved off quickly after tagging, and then swam slowly just below the 
surface for about 1 km. Within a few minutes it was seen at the surface in 
close association with the other whales. These seven whales generally stayed 
together during dives and social periods at the surface. With darkness the group 
moved offshore, and tracking became more difficult as tag pulses were increasingly 

masked by sound-scattering “noise.” Tracking ended during a whale dive at 

approximately 2450. We did not find whale 005 over the next few days. 
Both whale 007 and whale 005 were found together on 28 October with a 
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Figure 2. Dive profiles were plotted for whale 005 on 24 October. Depth points 
were taken directly from the digital tag monitor. Depth points consistent with a maximum 
speed of 2 m/set were connected by a line. Because of the compression of the time axis, 
some points that appear connected are really off the line and require a somewhat higher 
swimming speed to provide a consistent track. The statistics for these dives (related by 
letter and time) are listed in Table 1. Dive sequences were related to start times and letter 
labels for successive dives. 

group of seven different whales that included whale 006 (just tagged, but tag 

failed). On 21 October, when it was tagged, whale 007 had been a little apart 
from the group of whales in the area. In contrast, whale 005 was an integral 
part of another group of whales when it was tagged on 24 October. Now, 
however, the larger whale 007 appeared to be an important part of this third 
group, and whale 005 appeared to be intent on trying to join. These approaches 
to the group were met with agonistic vocalizations, and whale 007 repeatedly 
chased whale 005. 

Whales 007 and 005 were tracked, often simultaneously, during dives and 

surface activities for 13 h over a horizontal distance of 3 1 km (Fig. 1) at speeds 

of 0.23- 1.14 m/set, averaging 0.68 m/set. Although the two whales sometimes 
were separated by up to 2 km, they usually were both within 0.5-l .5 km of 
the ship track. With darkness the whales moved offshore and were in deep dives 
when contact was lost at about 0145 (29 October), again because of the night- 
time scattering layer “noise” which obscured the sonar traces. The whales were 

not found again. 
Diving-Whale 007 moved off slowly underwater after tagging and then 

went deep. Depth telemetry from the tag indicated a rapid initial dive sequence 
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Table 1. Dive statistics. 

61 

Dive 

Start Horiz. Horiz. Surface 
time Depth Dur. Descent Ascent distance speed period 
09 (ml (min) (m/se,) (m/set) (m) (m/set) (min) 

A 
B 
C 
D 
E 

L 
H 

A 
B 
C 
D 
E 
F 
G 
H 

f 

1143 
1258 
1759 
1915 
2004 
2100 
2203 
2301 

Avg. 
SD 

1331 
1406 
1651 
1800 
1831 
1924 
2009 
2112 
2213 
2311 

Avg. 
SD 

Whale 005 dive statistics 24 October 

725 37 1.29 1.59 2,195 
548 27 1.31 0.68 630 

1,185 43 0.77 1.13 1,617 
735 35 1.13 0.83 288 
744 46 1.08 1.21 3,124 
793 48 1.14 - 1,832 
842 44 1.16 1.54 1,834 
764 45 1.17 1.11 2,612 

792 41 1.13 1.16 1,767 
169 7 0.52 0.55 884 

Whales 007 and 005 dive statistics 28 October 

499 25 1.32 1.39 1,550 
509 18 1.24 0.78 1,068 
424 26 0.68 0.71 180 
304 20 0.93 0.52 584 
512 42 0.33 0.62 2,933 
360 26 0.76 0.54 1,286 
440 44 0.53 0.81 1,649 
600 50 0.78 0.74 1,787 
592 40 0.78 0.58 2,045 
416 37 0.80 0.66 2,862 

466 33 0.82 0.74 1,594 
90 11 0.28 0.24 839 

0.99 
0.39 
0.63 
0.14 
1.13 
0.64 
0.69 
0.97 

0.76 
0.31 

1.03 
0.99 
0.12 
0.49 
1.16 
0.82 
0.62 
0.60 
0.85 
1.29 

0.80 
0.33 

- 
8 

288 
33 
14 
10 

- 
14 

22a 
11a 

- 

136 
15 
17 
11 
11 
19 
19 
11 
18 

15b 
3b 

a Excludes 28%min surface period. 
b Excludes 136-min surface period. 

to approximately 2,000 m (six consecutive tag responses reading 2,035 m), 
then it came back up to 1,100 m within about 12 min. The charted water 

depth at this location was only a little more than 2,000 m. Whale 007 remained 
for a time at 700 m, and then it surfaced at 1700 h. Total duration for this 
dive was 1 h and 13 min. The dive speed for this large whale during part of 
its dive appeared to be up to 4 m/set. We were not sure how much credence 
to ascribe to the depth record for this whale because tag telemetry and sonar 
tracking were less complete. However, the few depth readings that were obtained 
followed a consistent progression, and sonar data (tilt, range, and bearings) were 
compatible. This same tag 007 performed identically to another tag on whale 
005 during the track on 28 October, giving remarkably consistent results during 
that whole tracking period. 

Whale 005 had started rapidly away after tagging, but surfaced nearby with 
the other whales of its group. It was tracked for 14 h on 24 October. These 
dives were plotted relative to time in Figure 2 with depth points connected by 
a line consistent with an assumed maximum speed of 2 m/set. Slightly lower 
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Figure 3. Dive profiles were plotted for both whale 007 and whale 005 on 28 
October. Depth points were taken from the digital tag monitor. Depth points that were 
consistent with a maximum speed of 2 m/set were connected by a line. Because of the 
compression of the time axis, some points that appear connected ate really off the line 
and requite a somewhat higher swimming speed to provide a consistent track. The two 
whales were tracked simultaneously so that tags on both whales were contributing to these 
data. The statistics for the dives (related by letter and time) ate listed in Table 1. 

maximum speeds excluded many more depth points, and it required a 4 m/ 
set speed to connect nearly all points in most dives. Dive speeds for average 
descent and ascent periods listed in Table 1 were calculated from the depths 
and times provided by the digital tag monitor. Horizontal distances and speeds 
during dives were from the tracking data adjusted for descent and ascent time 
(Table 1). 

Whale 005 and whale 007 were followed together for 3 1 km on 28 October 
(Fig. 1). The two whales usually dove and returned to the surface on the same 

general schedule, diving at about the same time to about the same depths. These 
dives were plotted in Figure 3 (in the same ways as for Fig. 2), with dive data 
listed in Table 1. The break in these depth data starting at about 1445 was at 
least partly because the tags were often out of water while the whales were 
observed to be involved in surface activities. Dive C (first dive after the long 

surface period) and dive J (last complete dive) were plotted in Figure 4 without 
connecting lines to show the concurrence of the depth points indicated by the 
two tags. Although dive profiles for the two whales were confused, traces for 
both whales could be followed on the sonar display simultaneously, often within 

200 m of each other. Depth points for Figures 3 and 4 were contributed by 
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Time (hrs) 

Figure 4. Expanded profiles for dive C (first after long surfacing) and dive J (last 
full dive) from Figure 3 were plotted with no connecting line. The concurrence of depth 
information from both tags was remarkable. Extraneous depth points were mostly a result 
of confusion by the telemetry monitor from muhiple tag responses. To put the dive angles 
into perspective, the time axis for this figure was scaled such that a vertical dive speed of 
2 m/set would appear as a 45” line. 

both whales so that there were many more depth points than in Figure 2. The 

greater number of extraneous depth points for the tracking on 28 October was 

a result of confusion of the digital tag monitor by the responses from both tags 
(Fig. 4). 

Dives ranging in depth from 304 to 1,185 m were plotted in Figure 2 (24 
October) and Figure 3 (28 October). Whales dove below 300 m for periods 
ranging from 18 min (24 October) to 1 h 13 min (21 October), averaging 38 
min per dive overall. The bathymetry of the area was not known in detail 
(highly irregular bottom topography), but charted water depths in all cases were 
approximately the depth of the deeper whale dives. 

There was no consistent diving behavior related to tagging. Whale 005 had 

started rapidly away from the ship after tagging, while whale 006 (tag failed 
at tagging on 28 October) had moved slowly away, but both were seen within 
a few minutes at the surface with other whales of their respective groups. On 
the other hand, after whale 007 was tagged, it moved away from other whales 
slowly and began a deep, rapid dive a short time later. Dive patterns for whale 
005 on the day it was tagged (24 October) were similar to those of the two 
whales, 007 and 005, diving together (28 October) after 8 and 4 d, respectively 
(C-J Fig. 2, 3). 

The whales usually dove as a group and, although they often appeared to 

be somewhat spread out underwater, they usually returned to the surface together, 
sometimes appearing within a few minutes and 100-500 m of each other. The 
whales of a group also sometimes remained together at or near the surface for 
several hours (4 h 48 min on 24 October and 2 h 16 min on 28 October, Fig. 
2, 3; Table 1). The periods of respiration surfacings (time between dives) ranged 



64 MARINE MAMMAL SCIENCE, VOL. 9, NO. 1, 1993 

from 14 min to 38 min, with no obvious correlation with dive depths or duration 
of dives before or after surface periods. 

DISCUSSION 

These data were sufficient only to provide an indication of the underwater 
activities of the tagged sperm whales. The behaviors of each whale were different, 
and few patterns emerged. 

For example, there is not enough information to confirm die1 patterns in the 

activities of these whales, such as were tentatively noted by Lockyer (1977). All 
of the whales that we tracked had long periods of near-surface activity at some 
time during daylight. Whale 007 had been at the surface for a while with 28 
other whales before tagging at 1547 on 2 1 October, and then after a dive of 
1 h and 13 min, this whale was again near the surface for about 2 h beginning 
at 1650. The other two groups of whales also spent hours at the surface in 
daylight on 24 and 28 October (Fig. 2, 3), and then they dove continuously 
after dark. Although afternoon dives were not longer (as in Lockyer 1977), 
there may have been some hint of day/night differences in average dive times 

before and after dark at 1800: on 24 October (2 dives) averaged 32 min before 
and (6 dives) 43.5 min after, and on 28 October (3 dives) averaged 23 min 
before and (7 dives) 37 min after. 

From our previous observations of this population of sperm whales, our 
impression was that relatively stable, mixed groups of sperm whales meandered 
about the waters west of the Windward Islands from Union Island to Gua- 
deloupe, generally moving slowly along the eastern edge of the Grenada Basin 
with prevailing currents. Periodically, we saw large whales with these groups 

(Watkins et ul. 1985). Although, during this October 1991 experiment, we 
remained with each group of whales for only a few hours, the same group 
compositions were not seen again in this restricted area (no recognized individuals, 
different numbers and size combinations, different calf sizes). The larger males 
attached themselves to particular groups for periods of days at most. These two 
larger whales’ that were tagged appeared to linger in the Dominica area, waiting 
for the mixed groups of smaller whales to come by. These observations fit some 
of those described for group associations, movements, and temporary male 
attachments in other areas as well (Best 1979, Whitehead and Waters 1990). 

The observations of sperm whales quieting in response to high level submarine 

sonar signals match the reactions of these whales to similar underwater military 
activities reported by Watkins et al. ( 1985). 

The initial dive of whale 007 on 2 1 October seemed at first to be at higher 
speed (2 to 4 m/set) than other dives, We wondered if perhaps larger males 
have different capabilities, or if this dive was a response to tagging. On 28 
October the diving speeds of this whale matched those of whale 005 (Fig. 3), 
and were also similar to those on 24 October (Fig. 2). However, the 4 m/set 
maximum speed noted for parts of that initial dive by whale 007 was also 
required to connect nearly all remaining depth points during the dives on 24 

and 28 October, although many points could be connected with a more con- 
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servative 2 m/set speed (indicated by the dive lines in Fig. 2, 3). The initial 

behaviors after tagging of both whale 005 and whale 006 were the reverse of 
those for whale 007: short submergences and immediate association at the surface 
with other whales. 

The dive data from the tagged whales generally were comparable to results 
from our previous array tracking of sperm whales (Watkins and Schevill 1975), 
including acoustic tracks over the first 150 m of dives at speeds of 0.5-0.8 
m/set. The tagged whales also appeared to begin each dive at slower speed as 
they transitioned from surface activities. These swimming and diving speeds 
were about the same or a little faster than those observed for this species in 
some areas (Mullins et ul. 1988, Papastavrou et al. 1989) and a little slower 
than for other areas (Lockyer 1977, Pinkerton and Gambell 1968). The be- 
haviors of sperm whales varied widely in the tracking data from this Caribbean 
population (daily activities, surfacing times, dive durations, dive profiles, move- 
ment through the water, etc.). The associations and movements of these whales 
appeared generally less consistent over the periods of observation than have been 
reported for some other areas (Best 1979, Whitehead 1989, Whitehead and 
Waters 1990). 

The 2,035-m depth for whale 007 on 2 1 October and the 1,185-m depth 
for whale 005 on 24 October indicated by the tag telemetry were not represented 
by many points, but they had consistent progressions in the depth notations 
from the tags, and they accurately indicated the near-surface activity at the end 
of those dives (confirmed visually as well as by hydrophone array). These tags 
each provided similar depth information during the dives of both whales together 
on 28 October (followed in detail and confirmed by the sonar display data). 
Depths were greater than the maximum reported in the literature for sperm 
whales (900 m by Laurie 1933, 1,138 m by Heezen 1957, 1,140 m by Lockyer 
1977). Average depths recorded by the transponder tags for the Caribbean 
sperm whales were generally about the same as the 500 m depths, noted 
previously on active sonars (520 m by Backus and Schevill 1966, 500 m by 
Watkins et al. 1985). The depths also agree generally with average dive data 

for sperm whales in other oceans (Lockyer 1977, Papastavrou et al. 1989, 
Whitehead and Waters 1990). As in some of these reports, the dives by the 
tagged whales appeared to be limited by water depth because the deeper dives 
were always close to the charted water depths. 

ACKNOWLEDGMENTS 

This research was conducted cooperatively with the Fisheries Department of Dominica 
(Mr. Nigel Lawrence) and under authorization of U.S. Marine Mammal Permit No. 573 
from NOAA, NMFS (Office of Protected Resources). The ABEL-J was an excellent ship 
for this work--quiet in-air as well as underwater, maneuverable, roomy, well-equipped, 
and operated by an expert and helpful crew-Skipper Robert Wallace and his team. The 
scientific crew also was motivated and proficient, contributing far beyond primary re- 
sponsibilities-Romaine Maiefski was the mechanical engineer for tag hardware, as well 
as a skilled marksman. Amy Samuels provided careful observations of whale interactions 
and photographic records. Alex Bocconcelli supervised rigging and towed instruments. 



66 MARINE MAMMALSCIENCE,VOL. 9,N0. 1, 1993 

Nigel Lawrence participated in all of the research, assisted particularly in identification of 
species, and shared his knowledge of the fishery. 

Support for this work included a memorium for Harvey D. Oxenhorn from his sister’s 
family. National Geographic Society (NGS 2689-83, 3452-86, 3754-88) funded initial 
work on the development of a viable sonar transponder tag. Laurel Foundation helped 
with logistics and ship costs, and WHO1 support was used for final tags and data analysis. 
These studies have built on a broad base of support, including contracts and grants for 
analysis of the use of sounds produced by marine animals from ONR (tag development, 
tracking studies, acoustic behavior, signal processing, acoustic data organization, and 
database systems for study and comparison of acoustic behaviors--current Grant N00014- 
91-J-1445, Ocean Acoustics Program), previous NSF (sperm whale acoustic interactions- 
BNS 85-08047), and AMOCO Production Co. (tag ballistics and attachments). We 
have benefited from a wide range of useful comments in response to permit and cruise 
reports, as well as helpful suggestions by William E. Schevill, Nigel Lawrence, Christina 
Lockyer, Hal Whitehead, and three anonymous reviewers. This is Contribution Number 
7923 from the Woods Hole Oceanographic Institution. 

LITERATURE CITED 

BACKUS, R. H., AND W. E. SCHEVILL. 1966. Physeter clicks. Pages 510-527 in K. S. 
Norris, ed. Whales, dolphins, and porpoises. University of California Press, Berkeley. 

BEST, P. B. 1979. Social organization in sperm whales, Physeter macrocephalus. Pages 
227-289 in H. E. Winn and B. L. Olla, eds. Behavior of marine animals, Vol. 3: 
Cetaceans, Plenum Press, New York. 

HEEZEN, B. C. 1957. Whales entangled in deep sea cables. Deep-Sea Research 4: 105- 
115. 

LAURIE, A. H. 1933. Some aspects of respiration in blue and fin whales. Discovery 
Report 7:363-406. 

LOCKYER, C. 1977. Observations on diving behaviour of the sperm whale, Physeter 
catodon. Pages 591-609 in M. Angel, ed. A voyage of discovery. Pergamon Press, 
Oxford and New York. 

MULLINS, J., H. WHITEHEAD AND L. S. WEILGART. 1988. Behaviour and vocalizations 
of two single sperm whales, Physeter macrocephalus, off Nova Scotia. Canadian Journal 
of Fisheries and Aquatic Sciences 45: 1736-1743. 

PAPASTAVROU, V., S. C. SMITH AND H. WHITEHEAD. 1989. Diving behaviour of the 
sperm whale, Pbyseter macrocephalus, off the Galapagos Islands. Canadian Journal 
of Zoology 67:839-846. 

PINKERTON, K. J., AND R. GAMBELL. 1968. Aerial observations of sperm whale behaviour. 
Norsk Hvalfangst Tidende 6: 126-138. 

WATKINS, W. A. 1979. A point for penetrating whale blubber. Deep-Sea Research 26: 
1301-1308. 

WATKINS, W. A. 1980. Acoustics and the behavior of sperm whales. Pages 283-290 
in R.-G. Busnel and J. F. Fish, eds. Animal sonar systems. Plenum Press, New 
York. 

WATKINS, W. A., AND K. E. MOORE. 1982. An underwater acoustic survey for sperm 
whales (Physeter catodon) and other cetaceans in the southeast Caribbean. Cetology 
46: 1-7. 

WATKINS, W. A., AND W. E. SCHEVILL. 1972. Sound source location with a three- 
dimensional hydrophone array. Deep-Sea Research 19:69 l-706. 

WATKINS, W. A., AND W. E. SCHEVILL. 1975. Sperm whales (Physeter catodon) react 
to pingers. Deep-Sea Research 22: 123-129. 

WATKINS, W. A., AND W. E. SCHEVILL. 1977. Sperm whale codas. Journal of the 
Acoustical Society of America 62:1485-1490, phonograph record. 

WATKINS, W. A., AND P. TYACK. 1991. Response of sperm whales (Physeter catodon) 



WATKINS ET AL.: TAGGED SPERM WHALES 67 

to tagging with implanted sonar transponder and radio tags. Marine Mammal Science 
7:409-413. 

WATKINS, W. A., D. WARTZOK, H. B. MARTIN, III AND R. R. MAIEFSKI. 1980. A 
radio whale tag. Pages 227-241 in F. P. Diemer, F. J. Vernberg, and Donna 2. 
Mirkes, eds. Advanced concepts in ocean measurements in marine biology, Belle W. 
Baruch Library in Marine Science, No. 10, University of South Carolina Press, 
Columbia, SC. 

WATKINS, W. A., K. E. MOORE, J. SIGURJONSSON, D. WARTZOK AND G. NOTARBARTOLO 
DI SCIARA. 1984. Fin whale (Balaenoptera physalus) tracked by radio in the Irminger 
Sea. Rit Fiskideildar 8: l- 14. 

WATKINS, W. A., K. E. MOORE AND P. TYACK. 1985. Investigations of sperm whale 
acoustic behaviors in the southeast Caribbean. Cetology 49: 1-15. 

WATKINS, W. A., K. E. MOORE, C. W. CLARK AND M. E. DAHLHEIM. 1988. The sounds 
of sperm whale calves. Pages 99-107 in P. Nachtigall and P. W. B. Moore, eds. 
Animal sonar systems, NATO Advanced Studies Series, Series A: Life Sciences Vol. 
156. Plenum Press, New York. 

WHITEHEAD, H. 1989. Formations of foraging sperm whales, Physeter macrocephalus, 
off the Galapagos Islands. Canadian Journal of Zoology 67:2 13 l-2 139. 

WHITEHEAD, H., AND S. WATERS. 1990. Social organization and population structure 
of sperm whales off the Galapagos Islands, Ecuador (1985 and 1987). Reports of 
the International Whaling Commission (Special Issue 12):249-257. 

Received: March 2, 1992 
Accepted: June 16, 1992 


	ABSTRACT
	METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	LITERATURE CITED

