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a b s t r a c t

For the first time bio-logging tags were attached to free-ranging white-beaked dolphins, Lagenor-

hynchus albirostris. A satellite tag was attached to one animal while an acoustic A-tag, a time-depth

recorder and a VHF transmitter complex was attached to a second dolphin with a suction cup. The

satellite tag transmitted for 201 day, during which time the dolphin stayed in the coastal waters of

western Iceland. The acoustic tag complex was on the second animal for 13 h and 40 min and provided

the first insight into the echolocation behaviour of a free-ranging white-beaked dolphin. The tag

registered 162 dives. The dolphin dove to a maximum depth of 45 m, which is about the depth of the

bay in which the dolphin was swimming. Two basic types of dives were identified; U-shaped and

V-shaped dives. The dolphin used more time in U-shaped dives, more clicks and sonar signals with

shorter click intervals compared to those it used in V-shaped dives. The dolphin was in acoustic contact

with other dolphins about five hours after it was released and stayed with these for the rest of the

tagging time. Possible foraging attempts were found based on the reduction of click intervals from

about 100 ms to 2–3 ms, which suggests a prey capture attempt. We found 19 punitive prey capture

attempts and of these 53% occurred at the maximum dive depth. This suggests that more than half of

the possible prey capture events occurred at or near the sea bed.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

White-beaked dolphins (Lagenorhynchus albirostris) are only
found in the North Atlantic (Reeves et al., 1999). They are the
most common delphinid species in Icelandic waters (Gunnlaugsson
et al., 1988; Gunnlaugsson and Sigurjónsson, 1990; Pike et al.,
2009; Rasmussen and Miller, 2002; Vı́kingsson and Ólafsdóttir
2004). The acoustic repertoire of white-beaked dolphins consists of
whistles (Rasmussen and Miller, 2002; Rasmussen et al., 2006) and
clicks (Rasmussen and Miller, 2002; Rasmussen et al., 2002). North
Atlantic Sightings’ Surveys have been conducted in Icelandic
waters since 1986, usually in July. The distribution of dolphins
seemed consistent from aerial surveys conducted in 1986, 1987,
1995 and 2001 with dolphin sightings concentrated in the south-
western, north-eastern and south-eastern parts of Iceland, in
relatively coastal waters (Pike et al., 2009). Magnúsdóttir (2007)
ll rights reserved.
studied the annual distribution of white-beaked dolphins around
Reykjanes Peninsula and she found white-beaked dolphins in Faxa-
flói Bay also during the winter. The corrected abundance estimate
was 31,653 (95% CI 17,679–56,672) from the 2001 survey (Pike et al.,
2009). Whale watching started in Iceland in 1991 (O’Connor et al.,
2009) and white-beaked dolphins are among the most commonly
sighted species on whale watching tours in Iceland (Rasmussen,
1999; Salo, 2004; Magnúsdóttir, 2007; Bertulli, 2010).

Rather little is known about the movements of white-beaked
dolphins in Icelandic waters. Photo-identification studies have
been conducted in Faxaflói Bay from 1997–2010 (Rasmussen,
1999, 2004; Magnúsdóttir, 2007; Bertulli, 2010). Rasmussen and
Jacobsen (2003) showed that 12%–20% of the dolphins had
markings that could be used for individual identification and
the same individual was re-sighted up to nine times during a
season. Bertulli (2010) found a total of 28 re-sightings of the same
individual in Faxaflói Bay between 2007 and 2009. So far only a
few re-matches of the same individual between areas have been
found. One dolphin was photographed in Breijafjörjur and re-
photographed in Skjálfandi Bay, Northeast Iceland. The dolphins
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moved about 300 km in just a few days (Tetley et al., 2006). Three
other individuals were photographed in Faxaflói Bay and re-
sighted in Skjálfandi Bay in 2009 (Bertulli, 2010).

Satellite tags and radio tags have been deployed on many species
of small cetaceans. Perrin et al. (1979) deployed various types of radio
tags on spotted dolphins (Stenella attenuata) and spinner dolphins
(Stenella longirostris). Scott et al. (1990) reviewed various methods for
the tagging of small cetaceans and described the tagging of bottlenose
dolphins (Tursiops truncates), Hawaiian spinner dolphins, common
dolphins (Delphinus delphis), and white-sided dolphins (Lagenor-

hynchus acutus). Later Mate et al. (1994, 1995) deployed satellite tags
on a white-sided dolphin and a bottlenose dolphin. The total
estimated straight-line distance travelled by the white-sided dolphin
was 308.9 km (Mate et al., 1994) and the overall distance travelled by
bottlenose dolphins was at least 581 km (Mate et al., 1995). Satellite
tags have been deployed on other species of odontocetes like on
harbour porpoises (Phocoena phocoena) (Read and Westgate, 1997),
belugas (Delphinapterus leucas) (Suydam et al., 2001; Hobbs et al.,
2005) and narwhals (Monodon monoceros), (Dietz and Heide-
Jørgensen, 1995; Dietz et al., 2001).

The diving behaviour of white-beaked dolphins is unknown.
However, various time depth recorders (TDRs) have been used to
study diving in other odontocetes (Baird et al., 2002, 2006, 2008;
Otani et al., 1998; Westgate et al., 1995; Teilmann et al., 2007;
Johnson et al., 2009). Hooker and Baird (2001) published a review on
the subject describing the diving behaviour of 13 species of
odontocetes. Of these, four were dolphin species: Common dolphins
(Delphinus delphis), Heaviside’s Dolphin, (Cephalorhynchus heavisidii),
Pantropical spotted dolphins (Stenella attenuate) and Atlantic
spotted dolphins (Stenella frontalis). Otani et al. (1998) and
Westgate et al. (1995) described different types of dives for harbour
porpoises. Otani et al. (1998) report V-shaped dives without a
defined bottom time, which they classified as transit and travelling
dives. Westgate et al. (1995) described U-shaped dives with a flat
bottom phase lasting seconds to several minutes, which are believed
to be foraging dives. Scott and Chivers (2009) recorded night-time
U-shaped dives for spotted dolphins with rapid changes in depth
(‘‘wiggles’’) while at the bottom of the dive and suggested these
occurred during the pursuit of prey.

Sigurjónsson and Vikingsson (1997) estimated that white-
beaked dolphins in Icelandic waters feed mainly on fish (95%)
and squid (5%). From indirect data Sæmundsson (1939) concluded
that capelin and herring were the most common prey species in
Icelandic waters. While confirming these two species as a part of
the diet of white beaked dolphins, more recent studies identified
larger fish such as haddock (Melanogrammus aeglefinus), cod
(Gadus morhua), and saithe (Pollachius virens) as the most impor-
tant constituents in the white-beaked dolphins’ diet (Vı́kingsson
and Ólafsdóttir, 2004). Inside Faxaflói Bay they also feed on
sandeels (Ammodytidae sp.) (Rasmussen, 1999, 2004; Rasmussen
and Miller, 2002; Bertulli, 2010).

Presumably they use their echolocation clicks to find prey and to
navigate. Some properties of these signals have been investigated
with a hydrophone or hydrophone arrays operated from small boats
(Rasmussen and Miller, 2002; Rasmussen et al., 2002, 2004). Attach-
ing acoustic tags on free-ranging dolphins is an effective method for
studying how they use echolocation during prey capture. The most
commonly used acoustic tags on small cetaceans, like porpoises, are
A-tags, developed in cooperation with the National Research Institute
of Fisheries Engineering in Japan (Akamatsu et al., 2005c). D-tags,
developed at Wood Hole Oceanographic Institution in USA (Johnson
and Tyack, 2003), have been deployed on larger odontocetes among
other cetaceans. The A-tag has two hydrophones and necessary
electronics to function as a 2-channel, high frequency, event-recorder
to capture the ultrasonic clicks of odontocetes. A-tags have been
used to describe echolocation behaviour of wild harbour porpoises
(Akamatsu et al., 2007; Linnenschmidt et al., in press) and finless
porpoises (Neophocaena phocaenoides) (Akamatsu et al., 2000, 2005a,
2005b, 2010). The D-tag samples the signal waveform at a high rate
on two channels, among other behavioural parameters depending on
the aim of the project. D-tags have been used to record both
communication sound for example in narwhals (Shapiro, 2006),
and to study foraging and echolocation behaviour for example in
sperm whales (Physeter macrocephalus) (Miller et al., 2004), beaked
whales (Zimmer et al., 2005; Johnson et al., 2004, 2006), short-finned
pilot whales (Globicephala macrorhynchus) (Aguilar Sotoa et al., 2008),
and captive harbour porpoises (Deruiter et al., 2009).

Often when interpreting the results from A-tags and D-tags it
has been assumed that the echolocation behaviour of foraging
toothed whales can be divided into search (long click intervals),
approach (decreasing click intervals) and terminal or catch phases
(very short intervals) often called ‘buzzes’. These three phases
were first described for echolocating bats when capturing insect
prey (Griffin, 1958), but can also be applied to foraging odonto-
cetes like captive harbour porpoises when capturing fish (Deruiter
et al., 2009; Miller, 2010; Verfuss et al., 2009). Recordings of un-
instrumented free-ranging narwhals also reveal click sequences
that suggest foraging (Miller et al., 1995). Most of the odontocetes
equipped with acoustic tags show click phases indicative of prey
capture (Johnson et al. 2004, 2007; Linnenschmidt et al., in press;
Miller et al., 2004; Madsen et al., 2005).

Many studies on echolocation behaviour of captive odonto-
cetes especially the bottlenose dolphins are summarised in Au
(1993) and Au et al. (2000). There are also studies describing the
echolocation of wild dolphins using hydrophone-arrays (Au and
Herzing, 2003; Rasmussen et al., 2002; Wahlberg et al., 2011).
But, no studies exist describing the echolocation behaviour of
free-ranging dolphins using acoustic tags.

Consequently, one aim of this study was to describe the
acoustic and dive behaviour of a free-ranging dolphin using an
attached A-tag and dive recorder. A second aim was to record the
movements of a second white-beaked dolphin. This animal wore
a satellite tag to record seasonal movements in Icelandic waters.
The dolphins were captured in a hoop net with permission from
Icelandic authorities (Nachtigall et al. 2008).
2. Materials and methods

The project was conducted in July and August 2006 in Faxaflói
Bay, Southwest Iceland (see Fig. 3) for the purpose of capturing
wild white-beaked dolphins to study hearing, movements and
acoustic behaviour (Nachtigall et al., 2008; Mooney et al., 2009).
We modified a fishing vessel with a platform on the bow for
catching dolphins and a holding tank for maintaining dolphins
during hearing studies and tagging. We spent around 340 h on the
water and captured two dolphins using a hoop net. The dolphins
were placed in a stretcher and lifted on-board into a tank with
dimensions of 1�1�3.7 m for the hearing experiment. Sounds
were projected in front of the dolphin and suction cup electrodes
were places on the head of the animal as well as a reference
electrode on the dorsal fin. Before release the dolphins were
equipped with tags (Nachtigall et al., 2008).

2.1. The acoustic tag package

The acoustic tag we used (A-tag, W20-AS, 2-channel, drift: 1 s
per day, Little Leonardo, Tokyo, Japan) functions as an ultrasonic
event recorder that registers the sound pressure (peak to peak
(p–p) re 1 mPa) and the exact time of detection at each of two
hydrophones, that are spaced about 120 mm apart. Signals are
band pass filtered (55–235 kHz) and a hardware detection



Fig. 1. A schematic drawing of the acoustic A-tag with the two hydrophones the

VHF transmitter and suction cup (above) and a photo of the actual tag with the

antenna of the VHF visible and the time depth recorder (DST-milli, Star-Oddi,

Iceland, not visible) used on the female dolphin.

Fig. 2. A satellite tag (SPOT5, Wildlife Computers, WA, USA) was attached to the

dorsal fin of the male dolphin.
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threshold is set at 142 dB (p–p re 1 mPa). Only sound pulses
exceeding this intensity at the front hydrophone trigger events
that are stored. If the second hydrophone is also triggered by the
same sound pulse, the time arrival difference between the
hydrophones is stored with 271 ns resolution. If the second
hydrophone is not triggered the time difference is set to zero.
Sound pressure and time arrival differences are stored every
0.5 ms. White-beaked dolphins emit clicks with source levels
between 189 and 219 dB mPa (Rasmussen et al., 2002) A received
level of 189 dB is 47 dB above the trigger level of the A-tag
(142 dB), corresponding to other dolphins clicking at a distance of
about 100 m (at 100 kHz). For a source level of 219 dB the
distance would be 500 m, which is 77 dB above trigger level of
the A-tag.

The total recording time is battery limited to approximately
40 h. All components fit into a cylindrical waterproof aluminium
housing measuring 21 mm in diameter�122 mm in length
weighing 77 g. The A-tag has been tested successfully to a water
depth of 200 m. Detailed information on the A-tag is available in
Akamatsu et al. (2005c, 2007).

We imbedded the A-tag in a float (expanded polyvinyl chlor-
ide, Klegecell #55, pressure resistant to 80 N/cm2, Kaneka, Japan)
for positive buoyancy after the detachment. Also embedded into
the float was a time and dive depth recorder (TDR) (DST-milli,
Star-Oddi, Iceland). Resolution and accuracy of the depth recorder
was 0.03% of full scale (900 m, i.e. 727 cm) and 70.4% of depth
reading, respectively. We also attached a VHF transmitter
(MM130, Advanced Telemetry Systems, MN, USA) for locating
the float after detachment. The total weight of tag with dive depth
recorder and VHF transmitter was 251 g.

2.2. Animal 1

A 209 cm female white-beaked dolphin was caught on 2 August
2006 (Table 1). After testing its hearing (Nachtigall et al., 2008), it
was equipped with the acoustic tag package using a suction cup (see
Fig. 1). The animal was released outside Garjur harbour (641N,
221W, the green dot in Fig. 3) at 18:00 on 2 August 2006 very close
to where it was caught. The 28 m high lighthouse at Garjskagi was
used for tracking radio signals. At 08:00 a.m. the following day
continuous VHF signals were received indicating that the tag had
detached and floated on the sea surface. The tag was recovered
about 6 NM northeast of the release site (Fig. 3 the star). The suction
cup tag was attached on the animal for 13 h and 40 min.

2.3. Animal 2

A second white-beaked dolphin, a 224 cm male, was caught on
8 August 2006 (Table 1). A full audiogram determined by measuring
auditory evoked potentials was made on animal 2 (Nachtigall et al.,
2008). A satellite transmitter (SPOT5, Wildlife Computers, WA, USA)
with an oval shape (measuring 10 cm�3.5 cm�1 cm, length�
wide�height) was attached to the dorsal fin using two 5 mm
silicone covered delrin pins and iron nuts. A picture of the dorsal
fin with the satellite tag is shown in Fig. 2. A description of the
general attachment methods can be found in Teilmann et al. (2007)
Table 1
Basic data on the two white-beaked dolphins captured and tagged in this study.

Id number Date Sex Status Standard
length (cm)

Girth a
fins (cm

200920806 02-Aug-06 Female Mature 209 128

200926634 08-Aug-06 Male Mature 224 131
and Svegaard et al. (2011). The satellite transmitter was set to
transmit every 45 s when at the surface. The pre-set maximum of
250 transmissions per day (equals 4–7 h) applied for the month of
August and then 250 transmissions every other day for the remain-
ing time. Satellite positions were obtained from the ARGOS satellite
system and had an accuracy of less than a hundred metres to a few
kilometres. The satellite tag was designed to remain on the animal
for about a year until the iron nuts corroded and the pins fell out. We
received positions of animal 2 for 201 day (Fig. 3).
2.4. Dive and acoustic data analysis

The TDR data was synchronized with the A-tag data using the
pattern of surface splash noise and the internal clocks with Igor
t pectoral
)

Weight (kg) Tag Duration

? A-tag/TDR/VHF 13 h 40 min

217 Satellite and A-tag/TDR/VHF 201 day



Fig. 3. A small map of Iceland with an enlargement of western Iceland showing

the movements of a white-beaked dolphin equipped with a satellite transmitter.

Transmissions started on 8 August 2006 (green dot, Garjur harbor) and stopped

on 24 February 2007 (red dot). Different colour lines show the distance covered by

the tagged animal in different months. The area west and south of Iceland was

divided in four parts corresponding to the location: Area 1: The Westfjords, Area

2: Breijafjörjur, Area 3: Faxaflói and Area 4: South Coast. An acoustic A-tag was

placed on a second dolphin at the green dot. The acoustic tag was recovered

approximately 6 NM northeast of the lighthouse in Garjur (the star).

Table 2
Distance travelled and time spent in the four different areas for the male white-

beaked dolphin. Numbers in parentheses show the per cent of total distance spend

in each area. The animal was tagged for 201 day. (See Fig. 3 for a definition of the

areas.)

Distance (km) Time (days) Mean distance

per day

Westfjords 1708 (33) 56 30.5

Breijafjörjur 658 (12) 21 31.3

Faxaflói 1946 (37) 88 22.1

South coast 968 (18) 36 26.9

Total 5280 201 26.3

M.H. Rasmussen et al. / Deep-Sea Research II 88–89 (2013) 97–105100
Pro spread sheet software (Wave Metrics, USA). A dive was
defined as the period between two surfacings when the depth
exceeded 2 m. Dives less than 1 s were not analysed. ‘‘Bottom-
time’’ was defined as in Hooker and Baird (2001) as the time the
dolphin spent in a zone between the maximum dive depth and
85% of maximum depth. The dives were divided into two
categories: U-shaped dives and V-shaped dives. A U-shape dive
was defined as a dive where the time spent at the bottom of the
dive, termed the ‘‘bottom-time’’, was more than 50% of the total
dive time. We defined a V-shaped dive as having a ‘‘bottom-time’’
less than 50% of the total dive time. The term ‘‘bottom-time’’
refers to the bottom of the dive and not the sea bottom. The inner
part of Faxaflói Bay is quite shallow with water depths between
40 and 50 m.

The A-tag only records events with ultrasonic frequencies and
biosonar signals were extracted by reducing transient noise
components according to the following procedure. Clicks having
a received level of less than 142 dB re 1 mPa peak-to-peak were
eliminated. Click trains containing fewer than 5 clicks were also
eliminated as echolocating dolphins usually produce longer
sequences of ultrasonic pulses (Au, 1993). If the click interval
being measured was not between one-third and three times that
of the previous click interval this click was considered noise and
eliminated. Interpulse intervals in a click train changed relatively
smoothly compared with randomly occurring noise such as
cavitations. The criteria used in these analyses were chosen
conservatively because such a quick change of interpulse interval
rarely happens in biosonar pulse trains. In addition, this filtering
allows taking into account a series of pulses and even a missing
pulse in a train, which could occur when the received level is
close to the detection threshold level.
The two hydrophones allowed for measuring time of arrival
differences and calculating a bearing angle to a neighbouring
dolphin vocalizing in the vicinity of the tagged animal. The
relative angle between the tag and another conspecific (or other
odontocete) can vary slightly owing to small changes in time
differences caused by head movements of the tagged animal
(Akamatsu et al., 2010).

Statistics were done in Microsoft Excel ver. 14.2.2. Differences
were considered significant when the probability (p) was equal to
or less than 0.05.
3. Results

3.1. Movements of animal 2

We captured a male dolphin in Faxaflói Bay on 8 August 2006
and attached a satellite transmitter to its dorsal fin. Positions of the
dolphin were registered until 24 February 2007, seven months later,
and in total 201 days. The areas visited by the dolphin
were arbitraily divided into four parts: Westfjords, Breidafjörjur,
Faxaflói and the South Coast (Fig. 3). The dolphin always stayed
within the 200 m depth contour. It travelled a minimum total
distance of 5280 km with a mean speed of 4 km/hr. The longest
monthly distance travelled was in August (1090 km), where it swam
from Faxaflói to the Westfjords and shortest in September 2006
(559 km), where it stayed around the Westfjords (Table 2). The
mean swimming speed for each month ranged from 3.5 to 5 km/hr.

After the dolphin was tagged in August it stayed in Faxaflói six
days before moving north to Breijafjörjur and the Westfjords.
The dolphin moved south again to Breijafjörjur and Faxaflói in
October. It stayed along the south coast in December before
swimming back to Faxaflói. From Faxaflói the dolphin had
another trip north passing Breijafjörjur to the Westfjords and
south again to Faxaflói in January. The dolphin went along the
south coast and was close to the Vestmannaeyjar Islands in
February 2007 before going back to Faxaflói, where the tag
stopped sending (Fig. 3). In total the dolphin travelled the longest
distance and spent most of its time in Faxaflói (44% of the time). It
spent 28% of the time around the Westfjords, 18% along the south
coast and 10% in Breijafjörjur.

3.2. Diving behaviour of animal 1

We captured a female dolphin also in Faxaflói Bay and attached
an A-tag, a TDR and a VHF transmitter packaged to a suction cup
(Fig. 1). The tag package remained on the animal for 13 h and 40 m
during which time it made 142 dives. It spent 18% of the time close
to the surface (0–2 m) and 82% of the time diving to depths greater
than 2 m (Fig. 4). The dive duration varied between 6 and 128 s and
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Fig. 5. Examples of U-shape dives (upper figure) and V-shape dives (lower figure)

including interpulse (click)-intervals (IPI) in ms for both. The jagged traces in the

depth curves are caused by the sampling routine of the TDR unit. Note the

presumed feeding bouts in U-shaped dives characterised by reducing IPI (see also

Fig. 7). Note the smaller number of clicks during V-shaped dives comparing with

U-shaped dives. Dots near the surface are triggerings caused by splash noise,
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the bottom time varied between 2 and 78 s (mean 28 s721 s sd).
The dolphin was mainly making shallow dives during the first hour
(down to 8 m), but after 55 min the dolphin dove down to 34 m. The
maximum dive depth was 45 m, which is about the depth of the
bay. The highest rate of diving occurred between 2 a.m. and 7 a.m.
with a maximum of 24 dives per hour around 4 a.m. Diving was less
frequent from 7 p.m. to 1 a.m.

The dolphin made two types of dives: U-shaped and V-shaped
and examples are shown in Fig. 5 and summaries in Table 3. There
were not significantly more U-shaped dives than V-shaped dives
and the time spent in the two types of dives was likewise not
significant (Table 3). The mean time the dolphin spent at the
bottom of the dive was significantly longer for U-shaped dives
while the time used in descent and ascent was the same for the
two types of dives.

3.3. Acoustic behaviour of animal 1

The A-tag registered acoustic events for the entire 13 h and
40 min the tag was attached to the dolphin. The acoustic data on
the tag revealed how the animal used sonar during diving,
presumed foraging, and when the animal was in the company
of other dolphins. The difference in arrival time at the two
hydrophones can be used to determine the bearing to a neigh-
bouring animal. Acoustic contact with another dolphin was first
recorded after 4.5 h following release, and during the rest of the
time the tag was on the dolphin. Thus, our tagged dolphin was in
acoustic contact with other dolphins most of the time (Fig. 4).
Fig. 6 shows an example where a dolphin was swimming around
our tagged dolphin. The dotted lines on the upper trace show
another dolphin passing our tagged dolphin, where plus means
the sound arrived at the front hydrophone first and minus means
sound arrived at the back hydrophone first. As the neighbouring
dolphin approached the tagged dolphin the interpulse intervals
decreased to 2–3 ms indicating a close approach.

The dolphin used sonar signals with approximately 200 ms
pulse intervals at the surface. In contrast, the pulse intervals
during diving were approximately 100 ms or about half that
produced at the surface. The dolphin used significantly fewer
clicks in V-shaped dives but at a higher rate in general compared
to clicks used in the U-shaped dives (Table 3). There was no
significant difference in mean click rate or the click rate used
during the bottom time and during the ascent for the two types of
Fig. 4. The entire time-depth record during the time the tag was deployed on the

dolphin. The tag was on for 13 h and 40 min. The arrows (k) mark approximate

times of possible foraging events and the red circles ( ) mark times when

the dolphin was in acoustic contact with other dolphins, just under nine hours.

(For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

which were excluded before the analysis in Table 1 using the filtering procedure

mentioned in the methods.
dives. The dolphin used significantly longer click intervals at the
bottom of V-shaped dives (Table 3).

We used the occurrence of shortening click intervals when
looking for possible foraging attempts. Click intervals that
decreased from about 100 ms to 2–3 ms could indicate a foraging
attempt. We show an example of a possible foraging event in
Fig. 7, which happened at a depth of 18 m. The nineteen possible
foraging events were randomly distributed between V-shaped
(10) and U-shaped dives (9). The mean maximum dive depth for
presumptive foraging was 25 m in V-shaped dives and 28 m in
U-shaped dives. Fifty three per cent (10 of 19) of the presumed
foraging events happened at the bottom of the dive at a depth of
5–37 m and the rest occurred on either the descent or ascent
(Fig. 8). There was significantly more presumptive prey capture
activity during the descent/ascent in V-shaped dives compared to
U-shaped dives (p¼0.032). There was no difference in probable
prey capture activity near the bottom of V-shaped or U-shaped
dives (p¼0.074). All presumptive foraging occurred the morning
between about 1:30 a.m. and 7 a.m. (Fig. 4), when the ambient
light was low.



Table 3
U and V-shaped dives with click statistics for each dive type during the 13 h and 40 m of behavioral recordings from a tagged white-beaked dolphin. Numbers in

parentheses are n-values. Bold lettering indicates significant differences. Times spent in the ascent and descent phases as well as the click intervals in these phases were

not significantly different in U-shaped and V-shaped dives.

Dive

type

Total dive

time (min)

Mean time at bottom

of dive (s)

Total number of

clicks used

Mean number of

clicks/min

Clicks/min in

descent

Clicks/min at

bottom of dive

Clicks/min in

ascent

Click interval at bottom

of dive (ms)

U (66) 72 32 20,631 500 508 585 407 134 (195)

V (76) 52 21 10,885 550 654 537 460 177 (66)

P¼0.401 P¼0.072 P¼0.010 Po0.001 P¼0.122 Po0.001 P¼0.153 P¼0.073 P¼0.009

Fig. 6. Examples of acoustic contact between the tagged animal and another

animal. The other individual(s) swam around the tagged animal. Note that the

interpulse (click)-interval (IPI) is very short (2–3 ms) at the end of the click

sequence. This suggests the other animal approached the tagged animal within a

short distance. TD is time difference between the two A-tag hydrophones where

plus means the sound arrived at the front hydrophone first (see methods).

Fig. 7. Example of a possible foraging dive. The figure shows an example of a

single U-shaped dive, where interpulse (click)-intervals (IPI) are decreasing from

100 to 2 ms at a depth of 18 m. The lower part of the figure shows a close up of the

decreasing click-intervals during a possible foraging attempt. The jagged traces in

the depth curves are caused by the sampling routine of the TDR unit.
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4. Discussion

4.1. Movements of a satellite tagged white-beaked dolphin

This is the first time a satellite tag has been placed on a white-
beaked dolphin. The tag transmitted for 201 day. This is in contrast to
satellite tagging of Atlantic white-sided dolphins (Lagenorhynchus acutus)
in the Gulf of Maine, where the tag transmitted for six days (Mate et al.,
1994) and for bottlenose dolphins (Tursiops truncatus) in Florida where
transmission was 25 day (Mate et al., 1995). The satellite transmitters on
Atlantic spotted dolphins (Stenella frontalis) in the Gulf of Mexico
transmitted for 24 day (Davis et al., 1996). Our white-beaked male
dolphin travelled a mean minimum distance of 26.3 km/day (Table 2),
which is much shorter than mean distance of between 111–248 km/day
by pelagic spotted dolphins (Stenella attenuata, Scott and Chivers, 2009).
The mean swimming speed for our white-beaked dolphin per month
ranged from 3.5 to 5 km/h, but these are only rough measurements. For
comparison 17 tagged spotted dolphins had individual speeds of
between 5.2 and 10.4 km/h (Scott and Chivers, 2009).

White-beaked dolphins are typically found over continental
shelves in the North Atlantic. Our satellite tagged white-beaked
dolphin stayed within the 200 m depth contour or closer to shore
(Fig. 3). This is in agreement with sightings of white-beaked dolphins
from whale watching vessels around Iceland from April to October
(Rasmussen, 1999, 2004; Salo, 2004; Bertulli, 2010) and also sight-
ings of coastal white-beaked dolphins during summer in the North
Atlantic Sightings Surveys (Pike et al., 2009; Gunnlaugsson et al.,
1988; Gunnlaugsson and Sigurjónsson, 1990). Magnúsdóttir (2007)
observed white-beaked dolphins in winter in Faxaflói and along the
South Coast of Iceland and white-beaked dolphins have also been
sighted in Faxaflói during winter whale watching in Faxaflói (www.
elding.is). By-catch and stranding records also confirm the year-
round presence of white-beaked dolphins (The Icelandic Marine
Research Institute, unpublished data).

During the 201 day the tag was transmitting our white-beak
dolphin spent 44% of its time within Faxaflói sector, 28% in the
Westfjords sector, 18% along the south coast and 11% in the
Breijafjörjur sector, and covering an area of roughly 15,000 km2

(Fig. 3). Should this hold in general, it indicates quite a large home
range area for Icelandic white-beaked dolphins. Photo-identifica-
tion and observations support the notion that white-beaked
dolphins spend much time travelling. Information from photo
ID studies of white-beaked dolphins in Faxaflói Bay from 1998 to
2002 indicated an open population with relatively low number of
re-sightings in a season. For example in 2002, there were five to nine
re-sightings within a 3-month period out of a maximum of 109
different individuals (Rasmussen and Jacobsen, 2003). Bertulli
(2010) had a maximum number of 45 inter-annual re-sightings
from a catalogue of 245 different individuals from 2007 to 2009 and
more than half (60%) of all re-sighted individuals were seen in the
same month. In contrast the Moray Firth bottlenose dolphins in
Scotland seem to have a restricted home area since at least 90% of
the population (about 130 individuals) visit the bay annually
(Wilson et al., 1999). Satellite tagging of Moray Firth dolphins would
probably reveal a larger home range. The Sarasota Bay bottlenose

www.elding.is
www.elding.is
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Fig. 8. All 19 possible foraging events of the tagged white-beaked dolphin showing the maximum dive and the depth of possible foraging events. Ten of the possible
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dolphins are long-term, year-round residents with a home range of
about 125 km2 (Connor et al., 2000).

White-beaked dolphins are opportunistic feeders and feed on
many different species of prey and the movements of our satellite
tagged dolphin can in some way be explained by the distribution
and hotspots of certain prey species. Visual observations indicate
that, among other things, the white-beaked dolphins prey on
sandeels, Ammodytes sp., inside Faxaflói Bay during the summer
months. As a response to apparent decline in sandeel abundance,
the Icelandic Marine Research Institute started a monitoring
programme of sandeels in 2005 off the south and west coasts of
Iceland. The highest concentration of sandeels was found in
Faxaflói Bay in 2006 and 2008 with more than 1 fish per m2

(Bogason and Lilliendahl, 2009). This high concentration of
sandeels might explain high number of white-beaked dolphin
sightings inside Faxaflói Bay during the present project. The peak
season for capelin, Mallotus villosus, fisheries along the south coast
is in February and March, which correlates with the position of
the tagged animal in February so one can speculate that the
white-beaked dolphin was feeding on capelin at this time of the
year. Previous research has shown that during these months the
diet of harbour porpoises consists overwhelmingly of capelin in
this area (Vı́kingsson et al., 2003). This is also consistent with
Magnúsdóttir (2007) who observed humpback whales (Megaptera

novaeangliae) and white-beaked dolphins together with a big
flock of gannets (Morus bassanus), kittiwakes (Rissa tridactyla)
and fulmars (Fulmarus galcialis) apparently feeding on capelin
along the south coast in February 2006. White-beaked dolphins
feed also on haddock and cod (Vı́kingsson and Ólafsdóttir, 2004).
These are commercially important species exploited year round in
all of Iceland including Faxaflói, Breijafjörjur, and the Westfjords.

4.2. Diving and acoustic behaviour of a tagged white-beaked

dolphin

This is the first time the echolocation behaviour of a free-
ranging dolphin has been studied using a behavioural tag record-
ing diving and acoustics.
The maximum dive depth of our acoustic tagged white-beaked
dolphin was 45 m, which is close to the maximum water depth in
the inner and coastal part of Faxaflói Bay, about 40–50 m. Most
likely, the dolphin stayed in this part of the bay and repeatedly
dove to the bottom during the time the tag was on (the tag was
also retrieved in this part of the bay). Atlantic spotted dolphins
(Stenella frontalis) inhabit shallow waters in the Gulf of Mexico
and the maximum dive depths were between 40 and 60 m (Davis
et al., 1996). The ‘‘bottom time’’ of our dolphin was between 2 and
78 s (mean: 28 s721 s sd). This is a shorter duration than Scott
and Chivers (2009) found for mean bottom time of spotted
dolphins (mean: 34 s731 s) during day; mean 45 s741 s during
night). This difference can be explained by the difference in diving
depth. Our dolphin spent 18% of the time close to the surface
(0–2 m) and 82% of the time was spent diving (at more than 2 m).
This is comparable to what was found for the white-sided dolphin
and the bottlenose dolphin. The white-sided dolphin spent about
89% of the time submerged (Mate et al., 1994) and the bottlenose
dolphin was submerged for 87.1% of the total time (Mate et al.,
1995).

Our tagged white-beaked dolphin emitted clicks nearly con-
tinuously with no periods of long silence. Clicks from neighbour-
ing dolphins were first recorded about five hours after tagging
and for the remaining 8 h and 40 min (Fig. 4). Whistle vocalisa-
tions could not be registered by our system.

White-beaked dolphins were using click intervals at the
bottom of the dive with a mean interval of 177 ms in V-shaped
dives and mean 134 ms in U-shaped dives. In search distance this
corresponds to 132 and 101 m respectively when taking the two
way travel time into account. In comparison harbour porpoises
use click intervals varying between 30 and 150 ms during search
phase (Linnenschmidt et al., 2012) corresponding to a search
distance of 23–113 m. Harbour porpoises emit narrow band clicks
with a 3 dB beam width of 221 (Au et al., 1999) at maximum
source levels (Villadsgaard et al., 2007) about 20 dB weaker than
those of white-beaked dolphins. White-beaked dolphins emit
broadband clicks (Rasmussen and Miller, 2002) with a 3 dB beam
width of 81 (Rasmussen et al., 2004). Using the beam width and
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search distances of 23 m a porpoise would ensonify a surface of
61 m2 and at a search distance of 113 m this would be 1479 m2.
For the white-beaked dolphin to ensonify similar search surfaces
it would have to be at search distances of 64 and 310 m. Thus the
harbour porpoise can cover much larger search surfaces at shorter
distances compared to the white-beaked dolphin, assuming the
animals can hear the echoes of prey at these distances. If the
argument holds true an overlap of foraging strategies could be
avoided by two odontocete species competing for the same prey
in the same coastal waters.

Is there a reason for the different dive profiles? Westgate et al.
(1995) suggest that U-shaped dives to be used during foraging
and V-shaped dives during travelling. Our tagged white-beak
dolphin apparently foraged in both U- and V-shaped dives
(Fig. 8). It spent more time in U-shaped diving and used clicks
at a higher rate and shorter intervals compared to the V-shaped
dives (Table 3). All presumptive foraging activity occurred
between 1:30 a.m. and 7 a.m. Many of these foraging events
were near the bottom of Faxaflói Bay, about 40–50 m. Since there
was a population boom of sandeels in 2006 when our study took
place one could speculate that our tagged white-beaked dolphin
preyed on these. Sandeels in the North Sea burrow into the
sediment at night and move up in the water column during the
day (Macer, 1966). The behaviour of sandeels in Iceland during
the summer with limited darkness is not known. In any case the
dolphin could capture sandeels in the water column or dig them
out of the sediment in a method used by bottlenose dolphins and
spotted dolphins described by Rossbach and Herzing (1997) and
Herzing et al. (2003). Thus we can conclude that both types of
dives are used for presumptive foraging. Perhaps V-shaped dives
are also used during travelling since the click intervals are
significantly longer than those used in U-shaped dives, making
it possible for the animal to probe at longer distances.
5. Conclusions

This first study of a satellite tagged white-beaked dolphin
showed that during the 201 day of tracking the animal moved
over 5000 km in coastal waters, but spent nearly half of the time
in the bay where it was captured. Our result support earlier
anecdotal observations of movements and the year-round pre-
sence of white-beaked dolphins in Icelandic waters. The diving
behaviour of our tagged animal resembles that of other monitored
dolphins. It used echolocation nearly constantly and met up with
other odontocetes, presumably white-beaked dolphins, about
four hours after release and stayed with these until the tag came
off. Our tagged dolphin showed presumed foraging activity in
both U-shaped and V-shaped dives, probably near or at the sea
bottom. The search range used during U-shaped dives was shorter
than that used during V-shaped dives, based upon inter-click
intervals. Because of this and the predominance of V-shaped
diving, this dive type could be used during travelling.
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