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INTRODUCTION

The Fifteenth Annual Conference of the European Cetacean Society was held at the Frentani Conference Centre in
Rome, Italy between 6" and 10® May 2000. It was attended by over 420 people from 33 countries.

The theme this year was “Marine protected areas and other approaches for the management of threats to marine
mammals”, and speakers invited to give keynote addresses to this theme included: Enrique Crespo on “Aquatic
Mammals in South America: Problems and Perspective Views for Conservation”, Bernd Wilrsig on “Marine Mammals
and Aquaculture: Conflicts and Potential Resolutions”, Tundi Agardy on “The Use of Marine Protected Areas in
Cetacean Conservation”, Giuseppe Notarbartolo di Sciara on “The International Sanctuary for Mediterranean
Cetaceans: Transiting from the Institutional to the Implementation Stage”, Michael Donaghue on “Management of
Hector’s Dolphins in New Zealand”, and Andy Read with a report on a “Workshop on Acoustic Harassment Devices”.
In addition to these, there were 30 other talks and 200 posters.

Associated with the Conference, there were workshops on the following themes: acoustic harassment devices, collisions
between cetaceans and vessels, the use of controlled exposure experiments for investigating effects of anthropogenic
noise on marine mammals, European studies of Tursiops, and there were meetings for students and for those working on
pinnipeds.

The Society is very grateful to the Conference Organisers Giancarlo Lauriano and Fabrizio Borsani of ICRAM, their
team of local helpers, Marina Barberini, Simone Canese, Stefano Di Muccio, Caterina Fortuna, Michela Giusti,
Valentina Rapi and Vincenzo Rafti, ICRAM’s administrative personnel, and ECS Treasurer, Roland Lick, who played
an important role in the organising of registration and membership fees. Special thanks also go to Ms I. Ferri (Animal
and Nature Conservation Fund, Rome).

We also gratefully acknowledge the following bodies for their generous sponsorship of the conference: Istituto Centrali
Per La Ricerca (ICRAM), Castalia Ecolmar - the Italian Ministry of the Environment Marine and Anti-Pollution

Service, and Lega Pesca.

A Conference Scientific Committee was chaired by Fabrizio Borsani and also comprised Anne Collet, Greg Donovan,
Peter Evans, Jaume Forcada, Toni Raga and Emer Rogan. The following persons have reviewed abstracts: Alex
Aguilar, Peter Bannister, Peter Best, Arne Bjerge, David Borchers, Fabrizio Borsani, Mark Bravington, Doug
Butterworth, Phil Clapham, Chris Clark, Enrique Crespo, Greg Donovan, Peter Evans, Jaume Forcada, Claudio Fossi,
Jonathan Gordon, Phil Hammond, Lex Hiby, Rus Hoelzel, Vincent Janik, Toshio Kasuya, Finn Larsen, Christina
Lockyer, Tony Martin, Giuseppe Notarbartolo di Sciara, Todd O’Hara, Adrian Raftery, Toni Raga, Randall Reeves,
Peter Reijnders, Emer Rogan, Ursula Siebert, Paul Thompson, and Nick Tregenza.

Contributions have been arranged broadly by subjects, and within subjects, they are arranged alphabetically. All
abstracts were subject to a review process and represent all those submissions that were accepted for the conference.
Extended summaries have been edited to improve clarity and to maintain a uniformity of presentation. For the benefit of
contributors to future Proceedings, instructions are given at the back of this volume. Please follow the guidelines
carefully; most contributors have not followed them closely and this creates much extra work for the editors.

A very great deal of effort has gone into the editing and production of these Proceedings. In this connection, I should
like to thank my co-editor Ellen O’Boyle for her invaluable help at all stages of its production. Finally, I should like to
thank Giancarlo Lauriano and Fabrizio Borsani for all their help with the organization of this Conference and Roland
Lick for his help with printing the Proceedings.

Peter G.H. Evans
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ECHOLOCATION AND CAVITATION

M. Azzali, S. Ciaramitaro, S. Manoukian and R. Simoni

National Research Council, Institute of Marine Fishery Research, 60125 Ancona, ltaly
e-mail:elettronica@irpem.an.cnr.it

INTRODUCTION Dolphins in the wild live in a fairly noise environment. The marine noise is made up of:
e physical effects: the sound of crashing waves, rain, earth movements, etc.
*  biological noise: the broadband noise of snapping shrimps, the noise of fish
*  man-made noise: shipping, drilling, dredging and industry.

The hearing of dolphins is adapted to natural sounds such as physical effects and biological noise, while it may be
adversely affected by anthropogenic sounds. Man-made noises may be subdivided as follows:

1) low frequency noises (< 10 kHz), caused by the ship’s own machinery and motion, seismic profiling systems
(explosives, sparks and “air guns™), and drilling, dredging or other industrial activities;

2) high frequency noises (from 10 to 500 kHz), created by cavitating ships’ propellers and transducers, cavitation
bubble implosion used to probe the underwater environment (Cannelli et al., 1990), and by sonar systems.

In captivity, dolphins are affected only by anthropogenic noise. A very general summary of the main causes of noise
in pools may be subdivided as follows:

1) low frequency noise, caused by water circulation systems and filtration plants, and vibrations caused by distant
human activities and transmitted with little attenuation through the ground and into pools;

2) high frequency noise, produced by cavitating pumps (Tirelli, 1997).

Anthropogenic low frequency sounds in the natural habitat differ from those in pools, while much of anthropogenic
high frequency sounds come from cavitation either in the wild environment or in artificial tanks. Therefore, studying
the effect of high frequency cavitation noise on the physiology and acoustic behaviour of dolphins is of importance
both for dolphins that live in captivity and wild dolphins, although only the latter can escape from them. The acoustic
waves resulting from bubble collapse are characterised by a very wide spectrum, containing powerful high frequency
harmonic components (Shutilov, 1988), similar to that of sonar signals of dolphins. Besides waves generated by
dolphins and by cavitation-bubble implosion, there are no other marine organisms or devices with similar
characteristics in the world. For this reason it could be interesting to investigate how similar the features of waves of
cavitation-bubble implosion are to those of sonar signals of dolphins, and if a similar mechanism could generate
both. In 1997, three bottlenose dolphins (one male, called Robin, and two females, named Violetta and Betty) were
housed at the Palablu of Gardaland (Fig. 1). Palablu was built using materials and a design that would reduce sound
reverberation and man-made low frequency sounds. However, high frequency noises caused by pump cavitation
have been measured in all four pools since June 1997. Efforts were immediately made to suppress these noises, but
we succeeded only in suppressing the high frequency peak of cavitation noise above 200 kHz (i.e. above the
supposed detection threshold of dolphins). Only recently (since autumn 2000), the cavitation of the three centrifugal
pumps (Fig. 2b) that provide water circulation into the pools was suppressed, leading to a rise of about 3 m between
the pumps and the surface of the sucked water. The aim of this study is to describe the acoustic behaviour of Robin
(Fig. 2a) during the period of high frequency cavitation noise (1997-2000), and after their suppression (in 2001).

MATERIALS AND METHODS This study was conducted in the Gardaland pool, called Palablu,
between October 1997 and May 2001. From 1997, signals produced by Robin, Violetta and Betty were recorded at
least three days every month. Since 1999, the signals produced by the other dolphins housed later at the Palablu
(Amada, Squeak, Hector, Teyde) were also regularly recorded. However, for this study only, Robin was chosen
because he was present in the Palablu from the beginning and in contrast to Violetta and Betty, was not involved in
events (illness, pregnancy) that could affect acoustic behaviour. The recording equipment used in the research
includes: a hydrophone (Bruel Kjaer 8105), charge amplifier (Bruel Kjaer 2635), and tape recorder (0-500 kHz;
dynamic — 55 dB), for broadband signals; underwater camera and video recorder, and digital oscilloscope (HP
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54520A). For signal registration the B&K 8105 has a flat frequency response up to 160 kHz, the sensitivity drops
after 160 kHz at approximately -60 dB/decade (-18 dB/octave). For this reason, the recording system used does not
give an accurate representation of the dolphin’s pulse shape (the highest components of its spectra are attenuated),
and, in particular, it does not give accurate information on the amplitude of highest frequency components generated
by cavitation. Recordings were made regularly (two hours of recordings collected randomly in a session of three
days every month). However, in only three sessions in 1997 and 1998, two sessions in 1999, and one session in
2000, were waves from cavitating pumps detected and recorded, together with Robin’s sonar signals. Echolocation
recordings were made while Robin was swimming freely with the other dolphins in the pools used for the research.
Both acoustic signals were digitalized at a sampling frequency of 5 MHz (512 samples in 100 m). The first and
second moments in time and frequency, the Gabor time width TG and bandwidth BG, the peak frequency fp, and the
Q parameter (BG / fp), were calculated on a MATLAB platform. Since signal shapes were influenced by the limited
frequency range of the hydrophone (0-160 kHz), we focus upon the frequency distribution of the signals and their
trend in relation to either Robin or the pumps.

RESULTS AND DISCUSSION  The spectra of Robin’s click signals (a typical click waveform is shown beside
the picture of Robin), recorded in the same sessions as the cavitation noise, are shown in Figure 2a, while Figure 2b
shows the spectra as a long series of waves (an example is given near the illustration of the pump) produced by
cavitating pumps for the years 1997, 1998, 1999 and 2000. As shown in Table 1, the features in time and space of the
cavitating signals recorded in 1997, 1998 and 2000, are very stable. The lowest frequencies of the main spectra are c.
200 kHz, and the highest c. 400 kHz; the frequency peak is between 275 and 300 kHz (Table 2); and the Gabor
bandwidth is around 105 kHz (Q = 35%). The cavitation spectra recorded in spring 1999 are similar in shape but
scaled to c. 100 kHz in frequency with respect to the above values: the lowest frequency is 300 kHz; highest
frequency is 600 kHz; peak frequency is 430 kHz; and the Gabor bandwidth is 224 kHz, Q = 52%. In 2001,
cavitation noises were suppressed. The click signals of Robin appear to have some relationship to them: the spectra
extend up to 250 kHz, and the peak frequency is between 130 and 175 kHz in the years 1997, 1998, and 2000. On
the other hand, when cavitating noises have frequencies above 300 kHz (1999) or are absent (2001), click signals
produced by Robin extend only up to 150-175 kHz, and the peak frequencies are between 60-70 kHz. Figure 3 shows
the spectral power density produced by Robin (on the right) and by the pumps (on the left). Although the amplitudes
of the two sets are not comparable because of the limitations of the hydrophone, the trend of Robin’s spectral power
density is similar to that of the pumps: both reach a maximum in the winter of 1998, an average value in autumn
1997 and a minimum in spring 2000. It seems that Robin can detect signals with frequencies from 200 kHz up to at
least 300 kHz, as suggested by Popper (1980), and tries to mimic them both in frequency and amplitude. However,
Robin seems also to be able to produce frequencies above 200 kHz.

The similarity of the ratio Q = BG / fp between acoustic waves resulting from bubble collapse (34-52%), and click
signals (35-77%), is remarkable (Table 2), considering that there is no other known mechanism capable of generating
such a broad ratio except for dolphin bio-sonar and cavitation. The similarity between echolocation and cavitation
signal shapes is also surprising (Fig. 2). Both signals are characterised by strongly non-linear, large oscillations,
abruptly rising from and collapsing to 0. On the other hand, the differences in the complexity of their spectra are
considerable: the harmonic components at high and low frequencies are much more numerous in click signals than in
cavitation signals. All these results suggest that echolocation signals may be generated by a mechanism (bubble
implosion) similar to cavitation. In fact, despite the fact that a great deal of attention has been devoted to the subject,
the problem of how clicks are produced remains unsolved.

CONCLUSIONS
»  Contrary to general opinion, it seems that a bottlenose dolphin (Robin) can detect frequencies from 200 kHz
to at least 300 kHz.

e The acoustic behaviour of Robin, faced with the noises produced by cavitating pumps, was to mimic the
cavitation signals.

The similarity of the ratio BG / fp between signals produced by cavitation and click signals is remarkable.

o The spectral shapes of both the cavitation signals and click signals are close.

These results suggest that click signals and cavitation signals may be generated by a similar mechanism.

ACKNOWLEDGEMENTS We acknowledge the support provided by the staff of Gardaland Dolphinarium.
This study would not have been possible without the support and advice of the technical service of Gardaland,
particularly engineer Franceso Vianello and Nicola Bertaiola.
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Table 1. Acoustic features in time and space of pump cavitation signals and Robin’s clicks

TIME MOMENTS (us) FREQUENCY MOMENTS (kHz)
Ss(g)[}JRygE Barycenire Ta Barycentre Bg
PERIOD mean st. dev. mean st. dev. mean st. dev. mean st. dev.
value value value value
autumn pump 41.5 14.8 23 0.2 307.4 193 103.0 19.1
1997 robin 16.8 43 6.4 2.6 119.1 12.7 48.8 9.5
winter pump 359 133 24 0.2 285.6 15.5 101.2 16.6
1998 robin 34.5 8.8 9.2 2.1 1339 24.8 62.7 12.1
spring pump 359 234 25 0.6 425.3 13.7 224.1 6.7
1999 robin 20.6 4.6 6.2 0.8 85.8 8.7 46.6 4.8
spring pump 45.5 16.5 23 03 332.0 26.9 117.4 229
2000 robin 21.3 8.0 8.3 2.2 109.4 29.6 65.9 229
spring pump . = - = - S ¥ -
2001 robin 13.3 0.5 6.4 2.5 92.7 24.9 42.6 14.6

Table 2.. Relationships between the frequency peaks and Q values of cavitation and echolocation signals

SOUND N°OF FREQUENCY PEAK  Q=Bg /frequency peak ENERGY UNCERTAINITY

PERIOD  gGuRCE CLICKS (kHz) (%) v PRINCIPLE
autumn pump 9 300.0 344 0.3 02
1997 robin 4 130.0 375 45 0.3
winter | pump 30 275.0 3638 04 02
1998 robin 16 175.0 35.8 9.1 0.6
spring | pump 78 4300 52.1 01 02
1999 robin 46 60.0 777 0.8 0.3
spring pump 8 305.0 385 0.1 02
2000 robin 182 130.0 50.7 1.0 0.5
spring pump = ' - - . -
2001 robin 230 65.0 65.5 487 0.5

Fig. 1. Dolphinarium Palablu of Gardaland, built in 1997. It is
structured in four intercommunicating pools covered in PVC to reduce
the echoing. The larger pool (n°4) is adapted to shows, the mean one
(n°5) to acoustic recordings, one of the smaller (n°7) is a nursery and

the other (n°6) is destined to blood samples.
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ACOUSTICALLY DERIVED SIZE DISTRIBUTION OF SPERM WHALES
IN THE MEDITERRANEAN SEA

V. Drouot', J.C. Gooldz, and A. Gannier’

= '‘GREC, 741 chemin des Moyennes Bréguiéres, villal3, 06600 Antibes, France.
?Institute of Environmental Science, University of Wales, Bangor, LL57 2UW, U.K.
3Centre de Recherche sur les Cétacés, Marineland, 306 avenue Mozart, 06600 Antibes.

INTRODUCTION Sperm whales (Physeter macrocephalus) vocalisations consist primarily of series of
clicks, emitted almost continuously while animals are diving. These clicks are unique to the species and are made up
of a number of regularly spaced pulses resulting from multiple reflection of the initial sound pulse within the head of
the animal. The spacing between the pulses in a click, termed Inter-pulse Interval (IPI), has been demonstrated to be
related to the size of the animal. Through a knowledge of this relationship, it should be possible to assess the
geographic size distribution of sperm whale acoustically, without having to spot and approach the animals. In the
Mediterranean sea, the distribution of sperm whales is poorly known, while in other oceans it has been shown to vary
according to sex and age composition of the groups. One of our longer term project aims is to assess whether the
analysis of the clicks could provide an insight into the size distribution of sperm whales within the Mediterranean
Sea.

MATERIALS AND METHODS Our recordings were collected during four summer surveys of different
regions of the Mediterranean: the north-western basin, the south-western basin, the Tyrrhenian Sea and the Ionian
Sea. A mono hydrophone was used, towed behind a 12 metre motor sailing boat. The recording equipment consisted
of a Sony WMD6 analogue recorder and a TCD-7 DAT recorder. The best quality sequences were sampled onto a
computer hard-disk using a Cambridge Electronic Design (CED) 1401 laboratory interface (Goold and Jones, 1995),
using a sampling frequency of 62.5 kHz. The sequences were band pass filtered to retain frequencies between 2kHz
and 6kHz, and analysed with the CED Spike 2 software. Wherever a clear pulsed structure was observed within a
click, the first 3 pulses of the click were marked, and the first and second inter-pulse intervals (IPT) were calculated.
When a single whale was distinguished, the mean IPI of the sequence was used to estimate its body length after
Gordon’s equations (1991):

Body length = 9.75 - 0.521 SL + 0.068 SL? +0.057 SL’ ¢))

Body length = 4.833 + 1.453 IPI - 0.001 IPF 2

where SL is the Spermaceti sac Length (in m): SL=IPI x speed of sound in spermaceti / 2. The sound velocity used
was 1430m.s™ (Goold et al., 1996).

RESULTS A total of 38 recording sequences were retained for IPI analysis. Among them, 25 click sequences
where from single animals, emitting ‘usual clicks’ during deep feeding dives. In the 13 other sequences, several
animals were vocalising at the same time so that one animal could not be distinguished from another. These
sequences included either ‘usual clicks’ from several diving animals, or social vocalisations such as codas and
chirrups. The IPI results calculated for each region are summarise in Table 1. Overall, the IPI ranged from 2.4 to 6.0
ms. When comparing IPI measurements between different regions of the Mediterranean, the north-western basin
showed significantly greater IPI values than the other surveyed areas (Kruskall-Wallis Tests). In the north-western
basin, the IPI's were 5.3ms long on average, with minimum value of 4ms. In the other regions, the IPI's were
significantly smaller, with mean values of 3.9ms, 2.8ms and 4.4ms in the South-western basin, the Tyrrhenian Sea
and the Tonian Sea respectively. The south-western basin and the Ionian Sea showed a relatively wide data spread,
with large 95%CI and IPI values laying from 2.6ms to 5.7ms.In contrast, the IPI's measured in the North-western
basin were distributed more closely around the mean, with 95% of the IPI ranging between 5.1ms and 5.6 ms. Thus
the IPT's in the North-western basin were significantly larger and more consistent, while they were more evenly
spread in the Ionian and South-western basin.

For the 25 recording sequences in which only a single whale was evident, the body length extrapolated from the
mean IPI, ranged from 9.3 to 13.2m for equation (1), and from 8.3m to 13.5m for equation (2) (Table 2). Thus, it
appears that both equations give reasonable length estimates for the measured whales. Figure 4 shows that small
individuals (estimated size less than 9.5m) were present in the south-western basin, the Tyrrhenian and the Jonian
Sea, while in the north-western basin only larger animals, of estimated size above 10.5m, were detected.
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DISCUSSION  The distribution of IPI values indicates that the IPT's were consistently greater in the North-western
basin than in the other areas. Extrapolating for body length with equations (1) & (2) shows that whales detected in
this region were around 12 m long on average. Thus the results suggest that the whales heard in the Northwestern
basin were principally large animals, thus probably sexually mature. These results were consistent with those of
Pavan et al. (1997), which gave mainly length estimates of 11-12m for whales detected in this area. Sexual
maturation in males begins at about seven to eleven years of age and a length of 8.7 to 10.3m (Rice 1989), and is not
complete until the age of 18 to 21, and a body length of 11-12m, at which time the animal is regarded as sexually
mature (Rice, 1989). As males approach physiological sexual maturity, they decrease in sociality and rarely cluster
together in close group as females do (Reeves and Whitehead, 1997). The wider IPI distribution found in the
southwestern basin and the Ionian sea might indicate a more heterogeneous population of animals in these regions,
including calves, juveniles and adults. Individual size estimation indicated animals of around 8 and 9 m long were
present in these areas. These results were consistent with our visual observations (Gannier et al. In prep.). In fact,
nursery groups were observed in the three regions where small whales were acoustically detected. In the
northwestern basin, no such social structure has ever been observed, and the sightings consisted mostly of solitary
animals. Pavan et al. (1997) also showed that large males (13 -14 m long) were present in the southern regions of
the Mediterranean (South Tyrrhenian Sea and lonian Sea). Our results tend to be consistent with a previous study
carried out in the Northern Atlantic (Adler-Fenchel, 1980), which showed that sequences recorded at lower latitudes,
where females and immature males were expected, had shorter IPIs than those from higher latitudes where only
large males are found.

CONCLUSIONS Manual measurement appears to be an accurate method of obtaining inter-pulse interval
(IPI) data from sperm whale recordings. The study shows that the analysis of click waveforms may be an appropriate
technique to asses the geographic distribution of animals by body size. Coherent results were found and tend to
indicate a regional segregation of males (long IPI) from the groups of females with young (wide range of IPI data).
Further work comparing IPIs with reliable length measurement is however desirable in order to calibrate and cross-
check the expressions relating IPI and total length.
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Table 1. Results of Inter-Pulse Interval (ins) measured in the 4 regions of the Mediterranean

Region N Mean IPI (ms) StDev SE Min Max
Northwestern basin 14 5.34 0.56 0.15 4.09 5.97
Southwestern basin 11 391 1.13 0.34 2.59 5.57
Tyrrhenian Sea 3 2.82 041 0.24 2.36 3.17
Ionian Sea 10 4.39 1.03 0.33 2.94 5.69

Table 2. Results of the individual length estimates for the 4 regions investigated

Region N  Mean length (m) StDev SE Min Max
Equation (1)  Northwestern basin 15 11.8 1.1 0.8 9.9 13.2
Southwestern basin 5 11.7 1.8 0.6 9.5 13.2
Tyrrhenian Sea 1 9.3 - - 93 9.3
Ionian Sea 2 10.3 1.1 0.7 9.5 11.0
Equation (2)  Northwestern basin 15 12.3 1.3 0.3 8.6 13.4
Southwestern basin 5 12.1 1.7 0.7 9.2 13.5
Tyrrhenian Sea 1 83 - - 83 83
Ionian Sea 2 10.5 1.8 1.3 9.2 11.7
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WAVELET FEATURE BASED CLASSIFICATION METHODS APPLIED
TO HARBOUR PORPOISE SONAR SIGNALS
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INTRODUCTION High-resolution examples of echolocation signals were captured from two harbour
porpoises during the 2-year EU-funded project EPIC 'Elimination of Porpoise Incidental Catch' (Lockyer ef al.,
2000) at the Fjord & Belt Centre, Denmark. This study, which involved partners in Denmark, Sweden and the UK,
included tests of acoustic signals for 'aversive' or ‘attractive' characteristics.

As the pulsed sonar signals of porpoises have remarkably similar amplitude and spectral characteristics, identifying
which animal was the source of recorded echolocation activity can be difficult. During these studies it was noted that
when a stimulation signal ceased, the porpoises would immediately interrogate the position of the source using
echolocation. These studies have demonstrated that synthesised signals closely emulating the porpoise's own
echolocation pulses will reliably stimulate 'investigative' echolocation behaviour. A robust classifier has been
developed based on a novel ‘Admissable Wavelet Packet Transform’ and Linear Discriminant Analysis technique for
use with recordings of underwater behaviour to identify the individual that is actively echolocating. The method can
be implemented on a fast PC and may be further developed for use as an ‘on-line’ analysis tool.

MATERIALS AND METHODS The male and female harbour porpoises studied, were rescued in April
1997 from a herring 'pound net' fish trap at Korsor, West Sealand. By June 1999, around the time of the recordings
they had grown significantly (female: 47.5 kg, length=148 cm; male: 40.8kg, length=138 cm). These porpoises were
held for study in Denmark under a special licence issued to aid research into methods of reducing porpoise
mortalities in bottom-set fishing nets.

High-resolution examples of mid-water ‘on-axis’ sonar signals were captured using a Tektronix TDA420 digital
oscilloscope. Echolocation pulse trains were also recorded using a high-speed instrumentation tape recorder (Racal
Storr 4 DS - 30"/s, 150 kHz bandwidth). These signals were recorded from a small 12.5 mm ball hydrophone (Sonar
Products Ltd - HS150) positioned immediately adjacent to the stimulation source transducer. The position and
orientation of the animals within the enclosure was recorded on time-coded video.

A preliminary analysis of the data recordings revealed that significant amplitude and phase modulation is frequently
present in porpoise sonar signals interrogating a target. The modulation appears within each pulse after a short but
fairly constant delay which cannot be explained by external multi-path effects (Figures 1 and 2).

ANALYSIS Before attempting to analyse the large volume of echolocation sequences recorded on the
instrumentation recorder a means of identifying the echolocation signals originating from each animal was required.
The set of over-sampled digital recordings captured via the oscilloscope was first examined in the laboratory for
features that would allow these data to be partitioned between the two animals. A sub-set of these data files included
the reported identity of the source animal. The classification of these signals proved difficult as both animals
produced very similar signal spectra with overlapping variations in pulse shape and phase which helped to mask the
more obvious cues. Source levels were not considered a useful discriminator, although the transmission loss could be
estimated as path lengths could be determined from the video record. Peak frequencies in the power spectra were
examined as body size was expected to affect this. Juvenile porpoises have been shown to operate at higher
frequencies than adults (Kamminga & Wiersma, 1981; Goodson et al., 1995; Goodson & Sturtivant, 1996), and the
larger animal (in this case the female) was expected to transmit at a frequency slightly below that of the smaller
male. The application of a simple Fast Fourier Transform to these signals did not, however, discriminate reliably and
the variable phase shift observed within individual pulses may partially explain this. The novel use of a Wavelet
Transform approach gave much better results, and this is the technique summarised here.

THE WAVELET TRANSFORM CLASSIFIER A Wavelet Transform (WT) (Mallat, 1998; Farooq & Datta,
2000) performs a constant ‘Q’ (Quality Factor) analysis of a signal by projecting it on a set of basic functions whose
scale varies with frequency (Equation 1). A mother wavelet is shifted and scaled to generate additional wavelet
functions that are orthogonal to each other. This WT signal processing approach decomposes the signal into low pass
and high pass components, and then down-samples it by 2. The filters used for decomposition permit perfect

26



reconstruction, and the WT functions appear orthogonal with finite impulse responses. These are called conjugate
mirror filters.

A wavelet is a function P EL2 (3) (i.e. a finite energy function) with zero mean and is normalised (”l/)“ =1).A
family of wavelets can be obtained by scaling Y by § and translating it by % .

-1/2 t—u
wu,s(t) =S Yyl — 0

§

The Continuous Wavelet Transform (CWT) of a finite energy signal f(t) is given by:
400
-1/2 t—u
CWIf (u,5)= [ f(t)s w(T)dt ®
—00

*
where 9 (.) is the complex conjugate of 1 (.). The above equation can be viewed as convolution of the signal with
dilated band-pass filters.

The Discrete Wavelet Transform (DWT) of a signal f [ n ] with period N is computed as:

. N-1 ; * -
DWIf[na’]= 3 f[m]-a—]/z-‘/’ “ -n 3)

m=0 a’
where m and N are integers. The value of @ is equal to 2 for a dyadic transform.

Using a digital signal processing approach the DWT decomposes the signal into low pass and high pass components
and then down-samples these by 2. The decomposition of the signal f(#) proceeds into two components, f(t )lp

a low pass version and f () a high pass. A second level of decomposition is then applied to the f (7 ), signal

only, and the f(¢t )hp is left untouched. Thus a DWT gives a left recursive binary tree structure, where the left

branch represents the lower frequency band. A more general form is the Wavelet Packet Transform (WPT) [6] which
tries to decompose the lower, as well as the higher, frequency bands, thereby giving a balanced binary tree structure.
For the purpose of classification, the required features might come from some specific frequency bands, which
sometimes may not be extracted by DWT (because it only splits the lower frequency band). The drawback of WPT is
that it contains a high level of redundant information. Thus for the purpose of feature extraction, we propose the use
of the Admissible Wavelet Packet Transform (AWPT). By using the AWPT transform, any selected frequency band
can be split to enhance discrimination for classification purposes, and the method offers some advantages when
applied to biological data (Goodson et al., 2001)

As the sampling frequency of the porpoise clicks was 10 MHz, the Nyquist signal bandwidth is 0-5 MHz. By
applying the decomposition by DWT, this band is split into two: a low pass band with frequency 0-2.5 MHz, and a
high pass band of 2.5-5 MHz. A second level of decomposition splits the lower band again into two (i.e. 0-1.25 MHz
and 1.25-2.5 MHz). By applying six successive levels of decomposition, the seven bands obtained are: 0-78 kHz, 78-
156 kHz, 156-312 kHz, 312-625 kHz, 625-1,250 kHz, 1.25-2.5 MHz and 2.5-5 MHz. The last four frequency bands
carried no significant energy from the biological signals, and can be discarded. The second band has maximum
energy, and may contain more discriminatory information so this band is further decomposed and split into two (78-
117 kHz and 117-156 kHz). Energy of the wavelet coefficients in these four bands is calculated and used as features
for the male and female classification process. A Linear Discriminant Analysis (LDA) classifier (Fukunaga, 1990)
was implemented and the results obtained are shown in Table 1.

LDA is a tool used for multi-group data classification and dimensionality reduction. It tries to minimise the ratio of
within-class scatter to between-class scatter and thereby attempts to achieve maximum separability. A 'within-class'
scatter matrix defines the scatter of samples around their respective class mean. A 'between-class' scatter matrix
defines the spread of the mean vectors around the global mean. LDA tries to separate the different group data by
forming a linear decision boundary between them.

RESULTS As the data set included 11 digital recordings where the animal's identity was known, these were
divided into 'training' and 'test' data sets. To increase the size of these small data sets, additional samples were
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created by the addition of white Gaussian noise to produce degraded signal-to-noise ratio versions (SN=10 dB and
15 dB) giving a total of 24 examples with 15 male and 9 female clicks. In order to generalise the results, three
different mutually exclusive combinations of training and test examples were then examined.

Table 1 illustrates the approach, using averaged energy data from the case of one training set in each frequency bin.
The LDA classifier correctly assigned the female test examples in all of these combinations. However, this classifier
consistently rejected a single degraded SN example (15 dB signal-noise ratio) derived from a male, and incorrectly
assigned this to be a female in both the training and test combinations.

DISCUSSION & CONCLUSIONS The Admissible Wavelet Packet Transform provides a classification
technique that may be automated and implemented in real time. In this application, it appears to be acceptably robust
and should work with relatively noisy signals containing significant phase and amplitude modulation. The approach
may also offer advantages when attempting to classify target echo data.

The objective of achieving a satisfactory discrimination between these two animals, using only frequency domain
features extracted from individual echolocation pulse waveforms, was broadly achieved using this AWPT approach.
However, the methods employed have examined 'whole pulse' waveforms. It seems clear that if the initial 4 to 5
cycles of the harbour porpoise waveform which precede any significant phase or amplitude modulation effect can be
isolated, then this signal segment may permit alternative methods to be reconsidered.

The porpoise echolocation waveforms which we have examined confirm the observations of Kamminga and
Wiersma (1981) who showed that harbour porpoise echolocation signals frequently include a phase modulated
component, and we concur with their speculation that the addition of a delayed replica signal may be the cause.
However, the observed delay is remarkably stable and too short to be caused by an external multipath reflection via
the water surface. Within the melon waveguide structure internal reflections do not appear possible (Goodson et al.,
2000). Closer to the source, the mechanical adjustment of a hypothetical 3D acoustic mirror, to switch on or off a
delay path of some 26 ps (4 cycles @ 150 kHz), implies controlled movement in the order of 15 to 20 mm (30-38
mm/2, estimated from the sound velocity in similar tissue). Since the morphology (Cranford et al., 1996) does not
support such a capability, we can reject both internal and external reflections as the probable cause. We prefer the
simpler alternative that both MLDB structures can operate in combination to initiate closely spaced pulse-pairs with
a minimum separation of at least 20 ps.
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Table 1 - AWPT confusion matrix of the classification results with an example of Linear Discriminant Analysis.

Matrix of the AWPT Classification -

Training Testing -
______________ Male___ Female _Male __Female '
\Male  (Casel) 9 0 5 i o ‘
| Female (Casel) 0 ¢ 6 ____. 0____.: 3 ] o |
"Male  (Case2) 8 1 6 0 ! - :
' Female _ (Case2) _ 0 _ ___ 6 _____ 0____.: 3 1 ~
1 Male (Case 3) 9 0 5 1 i
| Female (Case3) 0 6 0 3 o

A OakMr 7B -11ThHe NTASkHs  16-52kH

Training and testing utilised 11 (known ID) examples - This
small data set was extended to 24 by creating 10 db & 15 dB
degraded signal-to-noise versions by the addition of Gaussian

white noise. Note- This classifier rejected a single degraded 15 dB Case | Training Set comparing
s-n ‘male’ example and consistently classed this as a female’ in all male/female energy. (averaged for

training and test combinations.

Training Waveforms
(2 known ID examples from the male and 2 from the female)

Fig. 1. Porpoise echolocation pulses recorded from the male
'Eigil' and female 'Freja showing the slightly different
centre frequencies together with some amplitude
modulation. Note - The first 4 cycles do not include
modulation.

l

 Admissable Wavelet Packet
Transform frequency bins.

illustration purposes)

| | ! | | l ! | ! 1
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Fig. 2. Eigil - 5 click samples from the male porpoise overlaid
after normalising their amplitudes at the 3" cycle (A). The
signals increase in amplitude to the 4™ cycle (B) after which
the envelope either increases or decreases (C) suggesting
summation with a similar signal component delayed some 3.5
to 4 cycles (D).
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THE STRUCTURE OF RISSO'S DOLPHIN (GRAMPUS GRISEUS)
VOCALISATIONS: AN INNOVATIVE APPROACH

M. Giusti, J. F. Borsani, S. Canese, and R. Di Mento

ICRAM, Via di Casalotti 300, 00166 Rome, Italy

INTRODUCTION The purpose of this study is to determine the vocal repertoire of what is believed to be a
locally stable population of Risso’s dolphin (Grampus griseus) in the Ligurian Sea, Mediterranean, using an
objective method of analysis.

The traditional model assumes that a repertoire consists of acoustically discrete signals: whistles, pulse trains, and
clicks. A recent theory (Murray, 1997) postulates that clicks and whistles may be at the opposite ends of a continuum
(with pulse trains in the middle).

MATERIALS AND METHODS During summers 1997 and 1998, cruises to study Risso's dolphins were
conducted in the Ligurian Sea, in an area included in the Sanctuary for Cetaceans of the Ligurian Sea (Fig.1).

During six spatially and temporally distinct sightings, 720 minutes of Risso's dolphins vocalisations were recorded.
Underwater acoustic recordings were obtained using an Horizontal Line Array (HLA) connected to a DAT recorder
(Tascam DA-P1) through an amplifier and a high-pass filter set at 500 Hz. Sampling frequency was 48 kHz. Overall
frequency of the response is 600 Hz - 5 kHz.

The first step was to determine the type of vocalisation by visual inspection of spectrograms. A total of 145 pulse
trains, 100 whistles and 69 clicks trains were characterised; all spectrograms were made with frame length 512
points, FFT size 1024 and overlap 50%.

The second step was to determine the physical structure of these vocalisations. Waveforms corresponding to the
spectrograms previously mentioned, were studied down to the single pulse.

RESULTS AND DISCUSSION  The waveform corresponding to a click train is equal to a long series of sinusoids
where individual pulses are made of a short series of sinusoids spaced over time. Waveforms of pulse trains and
whistles are quite similar, the only change is the time interval between pulses that diminishes gradually in the
transition from click to pulse train until the interval between pulses cannot be measured any more: these can be
termed passage pulse train-whistle. At the basis of all the emitted sounds, there are pulses. The signal is graded as a
function of the time diminution between pulses.

Studying spectrograms and corresponding waveforms is crucial to obtain an objective idea about animal
vocalisations. In fact, studying spectrograms alone could be misleading: spectrograms change a lot according to
analysis parameters. Changes in the corresponding waveform are mainly the time intervals between pulses.

Risso’s dolphins produce a wide variety of sounds. Most of the vocalisations are clicks, pulse trains, or whistles. The
waveform analysis shows that clicks and whistles are at the opposite ends of a continuum with pulse trains in the
middle so there are discrete sinusoidal pulses that, with a gradual diminution of the time interval between them,
become continuous sinusoidal waves (Fig. 2, 3 and 4).

CONCLUSIONS Risso's dolphin vocalisations are graded like the false killer whale (Pseudorca crassidens)
vocalisations considered in Murray (1997).

A graded structure of the vocalisations implies further considerations about their function and production
mechanism. In fact a graded structure may carry high content of information in all signals emitted, since sounds that
are found within clicks, pulse trains and whistles all transport information. All vocalisation types may therefore have
echolocation and/or communication functions. Graded sounds with an emotional function were described for
primates. Graded sounds in primates are associated with members that live very close to each other in a group. These
kinds of sounds are often used with visual and tactile signals to minimise the problems of communication due to the
fact that intermediate sounds also transport information (Goodall, 1986). We can speculate that sounds used by
Risso’s dolphins could have a role as emotional signals similar to those of land mammals. The same was proposed
by Thomsen et al. (1999) for killer whale (Orcinus orca) whistles. The social structure of population of Risso’s
dolphin studied describes this kind of situation well: dolphins are very social and spend much time in the presence of
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conspecifics in a fission-fusion society (Gaspari ef al., 2000). Dolphins spend a lot of time in visual contact, and
during sightings it is possible to see tactile contact between animals.

The graded structure of Risso's dolphin vocalisations also suggests that a single production mechanism may produce
all of the observed signals.

We emphasise here the importance of studying vocalisations by as objective methods as available, in order not to fall
into the misleading habit of subdividing calls into arbitrary categories to which specific functions are attributed.
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Fig. 3- A close-up view of the spectrogram and the corrispondent waveform of the pulse train and 3 clicks
before it. The time interval between clicks is 118.5ms. (frame length 512 points, FFT size 1024, overlap
50%).
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Fig. 4- The waveform is a close-up view of the two previous waveforms correspondent to the area between
510 and 540ms.: the end of the pulse train. It is possible to see that the time interval between the impulses
gradually reduces and the signal is quite like a series of continuous sinusoids. (frame length 512 points,
FFT size 1024, overlap 50%).
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DISTRIBUTION OF PINGERS IN THE NORTH SEA
J.R. Hansen' and F. Larsen’

! Kiokkens Kvarter 180 tv, DK-5220 Odense SO, Denmartk.
’DFU, Afd. For Havfiskeri, Charlottenlund Slot, DK-2920 Charlottenlund, Denmark

Landings statistics from 1998, which is the year with the latest available data, for the Danish North Sea bottom set
gillnet fisheries are used to estimate the extent of areas ensonified by pinger signals if all Danish bottom set gillnets
were equipped with pingers for reduction of by-catch of harbour porpoise. It is shown that the areas in the North Sea
will be rather small, and that they probably will not have a great influence on the behaviour and movement of the
porpoises. The results appear after calculations based on the landing statistics reports from the cod, turbot, plaice and
hake fisheries, and information on the effort of the fishermen in the same fisheries for the years 1993-1998.

The North Sea is divided into ICES-squares, and the amount of gill net in km, the number of pingers, and the percent
coverage is calculated for each square on a weekly basis. 1652 of these square-week combinations appeared and
were used in the later analysis. The results show that more than 90% of the combinations have coverage below 2%,
and that the maximum coverage of a square is 13%, equivalent to more than 900 pingers, assuming an effective
pinger distance of 400 m. The final conclusion is that 6700 pingers are needed to cover the entire Danish gill netting
fishery in the North Sea.
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COMPARISON OF ACOUSTIC SIGNALS AMONG THREE ODONTOCETE SPECIES
(GRAMPUS GRISEUS, PHYSETER MACROCEPHALUS, GLOBICEPHALA MELAS)
RECORDED IN A NATURAL ENVIRONMENT

A. Impetuoso', W. Antollovich', M. Battaglia’,
R. Demowski', A. Miragliuolo’, B. Mussi’, and M. Azzali'

'CN.R-IR.PeM., Largo Fiera della Pesca, 60125 Ancona, Italy.
2 ENEA gruppo frascati, v. E. Fermi 27, 00044 Roma, Italy
3 StudioMare, v. D'Abundo 82, 80075 Forio d'Ischia (Napoli), Italy

INTRODUCTION The appearances of Risso's dolphin, pilot whale, and sperm whale are very different to
each other, and all three species present striking contrasts to the general notion of dolphin shape and form. Even their
melons, that are believed to be sound projectors for echolocation, have different anatomical structures in each of
three species that differ significantly from the classic form of dolphin melon. It is possible, even if not yet
demonstrated, that specific anatomical structures may create rather different acoustic signals. The objective of this
work is: (1) to present some features (spectrum and bandwidth, pulse duration, pulse repetition rate, pulse
modulation) extracted by sequences of pulses emitted by each of three species in their habitat; and (2) to compare
these features among the three species.

MATERIALS AND METHODS The observations were carried out on board of StudioMare research vessel
“Jean Gab", a 17.7 m wooden cutter equipped for underwater listening with towed hydrophones (system response 10
Hz-20 kHz) and underwater vision (underwater Panasonic CCD Camera WV-KS152 previously placed). Audio and
video signals are synchronously recorded with a BETACAM support (BETACAM SP Sony), that had a range-
recording of 0/20 kHz; therefore the results about the clicks of Risso's dolphin (Grampus griseus) should be under-
estimated. The videos recorded were analysed by a Studio DC10 video bluster which allows one to collect also
single shots for further computer image analyses. The audio signal is recorded also on an analogue support system.

The routes were chosen to optimise sightings and were determined daily on the basis of previous sightings. Particular
attention was paid to follow the bottom topography and depth profiles. No trip was performed in conditions greater
than sea state 5 (Beaufort).

All recordings were kept in the waters of Archipelago Pontino-Campano which has been the object of a long-term
study on cetaceans since 1991. In this area from spring through to autumn, in different periods, we have recorded
almost regularly seven species of cetaceans: striped dolphin, Stenella coeruleoalba; bottlenose dolphin, Tursiops
truncatus; common dolphin, Delphinus delphis; Risso's dolphin, Grampus griseus; long-finned pilot whale,
Globicephala melas; sperm whale, Physeter macrocephalus and fin whale, Balaenoptera physalus (Mussi et al.,
1998, 1999).

Sperm whale recordings concern a young (or a female) individual (12 m long) encountered off from Ischia island in
3/8/00, the distance of the sighting point from the coast was 13.6 km and the depth 850 m.

Risso's dolphin recordings relate to a school of approximately 20 individuals, they are seasonally resident in the
coastal waters of Ischia, and have been photo-identified and studied since 1998 (Miragliuolo et al., this vol.).

Pilot whale recordings relate to a single stable pod of five individuals that are seasonally resident off Ventotene
Island. All individuals have been photo identified and studied since 1995 (Mussi et al., 1998, 2000).

The laboratory's analysis (Azzali et al., 1999) was conducted as follows: the recorded signals were monitored with a
H.P. digital oscilloscope 54520 A; every single signal was digitised on floppy disk; at a second time this digitised
signals were processed using MATLAB m-file language to extract the statistic, time and frequency parameters of the
single signals;

Using the statistical parameters, a matrix of the euclidean distances was calculated; the values in the matrix indicate
the distance among the three species considered; the two nearest species (most similar) were combined to form one
cluster, the third species formed a second cluster with one of precedent species; the clustering procedure was
represented with a dendrogram.

RESULTS The vocalisations of the three species were first analysed separately:
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Sperm whale (Physeter macrocephalus)

We found two type of signals (Fig. 1A). The first type (sperm whale 1) presents a low rhythm (one or two pulses per
second) and a broad spectrum (1200-3000 Hz) with peak at 2100 Hz. The second type (sperm whale 2) presents a
rhythm 3-4 times higher, with the frequency distributed between 0-900 Hz (peak frequency at 100-200 Hz).

Long-finned pilot whale (Globicephala melas)
The signals analyzed (Fig. 1B) for this species present a frequency distribution between 0-2000 Hz, with a peak
frequency at 250 Hz; but there are two other peaks: at 400 Hz and at 750 Hz.

Risso's dolphin (Grampus griseus)
The signals considered (Fig. 1C) for this species have a frequency distribution between 0-2000 Hz, with a peak
frequency at 400 Hz.

Similarity Matrix The structure of the above-mentioned signals has been analysed using the method described
by Azzali et al. (1998, 1999). The first type of sperm whale click (low rhythm) is very distant from the signals
emitted by the other two species (Table 1); the maximum dissimilarity has been found with Risso’ dolphin signals.
The second type of sperm whale click (high rhythm) is very similar to the signals emitted by the other two species
(Table 2), but, again, Risso’s dolphin signals are the most dissimilar. for both sets of signals, the structure of the
dendogram is the same (see Fig. 2). It is possible that the first type of sperm whale signal represents an echolocation
click, whereas the second type represents a vocalisation signal similar to those emitted by the other two odontocetes.

CONLUSIONS This study seems to indicate that there is some relationship between the size of animals and their
acoustic features; indeed the two largest animals (sperm whale and long finned pilot whale) have acoustic signals
more similar to each other than to the Risso's dolphin..

Moreover, this investigation points out that the sperm whale is able to emit at the same time and for a long period,
two signals with very different structure.

This study represents preliminary findings from a long-term project, during which will be utilised recorders with a
wide bandwidth to obtain more reliable data.

REFERENCES

Mussi, B., Miragliuolo, A. and Battaglia, M. 1998. Cetacean sightings and interaction with fisheries in the
Archipelago Pontino-Campano, South Tyrrhenian Sea, 1991-1995. Pp. 63-65 In: European Research on Cetaceans -
12 (Ed. P.G.H. Evans). Proc. 12 Ann. Conf. ECS, Monaco, France, 20-24 Jan 1998.

Mussi, B., Miragliuolo, A., Baitaglia, M., Diaz Lopez, B., Zampetti, C., Chiota, D., and Valerio L. 1999. Long-
finned pilot whale (Globicephala melas) seasonal residence off Ventotene Island Mediterranean Sea, Italy. IV
Convegno Nazionale sui Cetacei, Abstract, Novenbre 1997, Milano, Italia. Centro Studi Cetacei della Societa
Italiana di Scienze Naturali.

Azzali, M., Garbati, P. and Impetuoso, A. 1998. Similarity among sonar signals collected from small communities of
dolphins (Tursiops truncatus), Proceedings of the Fourth European Conference on Underwater Acoustics, (Eds: A.
Alippi and G.B. Cannelli). Vol. I CN.R. — IDAC, 1998, Rome, Italy.

Azzali, M., Garbati, P., Farchi, C., Impetuoso, A., and Mantovani, F. 1999. The role of echolocation in social

behaviour of dolphins. Pp.16-23. In: European Research on Cetaceans — 13. Proc. 13" Ann. Conf. ECS. Valencia,
Spain, 5-8 Apr, 1999.

37



mV

mV

mV

Fig. 1 - signal’s mean waveform and mean spectrum of sperm whale (A), long finned pilot whale (B) and Risso’s dolphin (C)

. Me%.an cl.i:ck...l-

my

sample (117 ms)

-1\}46&111 E-signai--.?... ]

sample (59 ms)

r 3 i :
1
ML AR
i i TR lf i::‘,] 'l!lrl'a :
F ,_ ‘rli'k'[h\:ué-;l' ilirlll\t\l!i
o ui)o El a:n 4;) s::n ]

sample (117 ms)

apsp——

a1

Mgfean ci]i'ck

sample (117 ms)

mV

mV

mV

38

/ \
i { g
LY AL

Mean spectrum

e

4000 5000 8000

Hz

2000 300a

W,

Mean spectrum 2 -

a5k




Sperm whale

Longfinned
pilot whale

Fig. 2 — dendrogram referred to Table 2

Risso's whale

Table 1 - distance’s matrix with first type of sperm whale’s click

SPERM WHALE 1 |RISSOS DOLPHIN | PILOT WHALE
SPERM WHALE 1 0 64.426 63.320
RISSO’S DOLPHIN 0 2.024
PILOT WHALE 0

Table 2 - distance's matrix with second type of sperm whale’s click

SPERM WHALE 2 | RISSOS DOLPHIN | PILOT WHALE
SPERM WHALE 2 0 2.870 ~ 1.817
RISSOS DOLPHIN 0 2.024
PILOT WHALE 0
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VARIATIONS IN PATTERNS OF SIGNATURE WHISTLE DEVELOPMENT AMONG
MATERNAL LINEAGES OF FREE-RANGING BOTTLENOSE DOLPHINS

L. Sayigh', L. Williams', J. Plant', and R. Wells®

! Biology Department and Center for Marine Science, University of North Carolina, Wilmington, NC 28409, USA
? Chicago Zoological Society, c/o Mote Marine Laboratory, Sarasota, FL 34236, USA

Signature whistles of 68 bottlenose dolphin calves were visually compared to those of their mothers. Recordings
were made over a period of 25 years during temporary capture-release projects in Sarasota, Florida. Overall, male
calves were more likely (p <0.05) than female calves to produce whistles similar to those of their mothers, but a
complex picture emerged when family lineages were examined. Analysis of a sub-sample of 18 female bottlenose
dolphins with multiple (2-5) calves showed a variety of different patterns. Nine mothers had no calves with whistles
similar to their own, regardless of sex, whereas all calves of two mothers produced similar whistles, regardless of
sex. Two mothers had male calves with similar whistles, and female calves with different whistles. Finally, five
mothers had early calves with different whistles, and later calves with similar whistles, regardless of sex. We are
currently conducting quantitative longitudinal analyses of whistles of sixteen of the mothers that were recorded on at
least five occasions (and up to 11) over periods ranging from 5 to 23 years. Preliminary data indicate that changes in
both frequency range over time and contour were more likely to occur in the whistles of mothers with at least one
calf that produced a similar whistle. Changes were less likely to be seen in the whistles of mothers whose calves all

produced different whistles.

THE RATE OF SIGNATURE WHISTLES IN SEPARATION/REUNION CONTEXTS
AMONG SEMI-FREE BOTTLENOSE DOLPHINS

M.J. Simon', E. Bojanowskiz, and F. Veit®

! Department of Zoology, University of Copenhagen, Tagensvej 16, 2100 Kbh. &, Denmark.
2Intern. Laboratory for Dolphin Behaviour Research, Dolphin Reef, P.O.B. 104, Eilat 88100, Israel
3 Institut fuer Verhaltensbiologie, FU-Berlin, Harderslebener Str. 9, 12163 Berlin, Germany

It has been hypothesised that signature whistles of bottlenose dolphins (Tursiops truncatus) evolved to enable group
cohesion in an opaque environment. Previous studies have shown that signature whistle rates increase during
separation/reunion events, this is especially true for mother-calf pairs. We investigated the ‘cohesion hypothesis’®
under the unique conditions given at Dolphin Reef, Eilat, where a group of ten bottlenose dolphins was living in a
spacious netted area containing a constant opening to the sea. During the time of the study, five dolphins, aged 1.5-
6.5 years, regularly went out to the open sea. All were born at the site to three different mothers, which were present
during the study. Although sender identification was not possible in general, an analysis of the group's vocal
behaviour during separations should show an increase in the signature whistle rate of the involved individuals. 63
hours of recordings were collected during a two-month period, in which separations and reunions between mothers
and their offspring, both inside the netted area and involving offspring leaving to the open sea, were sampled
(n=270). Vocalisations were analysed for the occurrence of signature whistles before and after each event.
Comparisons were made with data collected when mother and offspring were swimming together. Analysis revealed
significant differences in the whistle production. The rate of the mothers’ and the offsprings’ signature whistles were
(1) higher when they were separated than when they were swimming together; (2) higher before than after a reunion;
(3) The mothers’ signature whistle rate was higher than those of the offspring when they were separated, both inside
the area and outside; and (4) no correlation was found between the mothers’ signature whistle rate and the age of the
offspring. The results strongly support the “cohesion hypothesis’.
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SOCIAL AND STOCK STRUCTURE OF
ATLANTIC WHITE-SIDED DOLPHINS, LAGENORHYNCHUS ACUTUS

K. Amaral', K. Fullard, G. Early’, and B. Amos®

"University of Massachusetts Dartmouth, North Dartmouth, MA, 02747, U.S.A
? Department of Zoology, University of Cambridge, Cambridge CB4-3EJ, UK
3 New England Aquarium, Central Wharf, Boston, 02110, U.S.A

Atlantic white-sided dolphins (Lagenorhynchus acutus) are a pelagic species, found primarily along the continental
shelf in the temperate and sub-polar waters of the North Atlantic, from the U.S. and Canada to central west
Greenland. Little is known about its social and stock structure, and life history of this species has been extracted
from stranding data. This study used molecular genetic techniques to look at the social and stock structure of animals
stranded, by-caught or biopsied in the following areas: Gulf of Maine; Cape Cod, MA, USA.; Gulf of St. Lawrence,
Canada; Sable Island, Nova Scotia, Canada; and the Faroe Islands. Microsatellite markers from nine loci were
amplified for all animals (n=208), and the mtDNA control region was sequenced for 43 animals. Although it has
been suggested that three distinct stocks exist in the Gulf of Maine, Gulf of St. Lawrence, and Labrador Sea, exact
haplotypes of mtDNA were found across the North Atlantic, indicating that no definite stock structure exists.
However, Fisher’s method combining test results across microsatellite loci was significant (P <0.001), indicating that
perhaps there is stock structure that has yet to be reflected in mtDNA. Within large stranded groups (n=46 and 88),
high values of relatedness were not found (R=0.024 and 0.013, respectively), suggesting that these larger
aggregations do not comprise a single familial group. However, higher relatedness values (R=0.146) and exact
mtDNA haplotypes were found in a smaller stranded group (n=6), suggesting that L. acutus form small matrilineal
groups rather than the extended matrilines found in some other odontocetes. In the Northwest Atlantic, L. acutus are
by-caught in various fisheries, with a total mean average mortality (n=223) exceeding the potential biological
removal in the Gulf of Maine. Determining the behaviour and stock structure of L. acutus could help in the future
management of this species
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VIGILANT BEHAVIOUR OF GREY SEALS, HALICHOERUS GRYPUS,
IN RELATION TO TIME SINCE HAUL OUT, AND GROUP SIZE

S. M. Bannon

293 Queens Drive, West Derby, Liverpool, L13 0AF, UK

INTRODUCTION On a falling tide, grey seals, Halichoerus grypus, will haul out onto exposed sandbars,
ledges or beaches, and lie quietly for several hours. In areas with less tidal amplitude, seals may haul out on suitable
sites throughout the day (Terhune and Brillant, 1996). Possible advantages of hauling out include rest (Krieber and
Barrette, 1984), predator avoidance (da Silva and Terhune, 1988), and thermoregulation (Ling et al ., 1974).

Seals, once on a haul out site, spend most of their time scanning and resting (Terhune, 1988). Individuals spend
more time resting and less time scanning as group size increases, and are made aware of disturbances by other
members of the group. This suggests that grey seal grouping on haul out sites evolved as an anti-predator strategy
(Terhune, 1985) and as a way to maximise time spent asleep (Krieber and Barrette, 1984).

The objective of this study was to test the hypothesis that vigilance of grey seals decreases with time since haul out,
and as group size increases. An additional aim was to examine whether position and orientation of an individual

within the group had an effect on the amount of time spent in vigilant behaviour.

METHODS Grey seals were observed on West Hoyle Sandbank, West Kirby, England. The sandbank where
the seals haul out is 0.5-1 mile from an observation site based on Hilbre Island (Fig. 1).

Observations were made between 1200 and 1730 hours, on a falling tide, and the study was conducted from the 18™
March to the 22™ October 2000.

This study extended, and so built upon the methodology described by Terhune and Brillant (1996).

Any movement that increased the visual field of the seal was defined as a scan, and the total scan time of a seal
during a 3-minute single observation period was measured, using cumulative time stopwatches (Terhune and
Brillant, 1996).

A focal animal that had just hauled out was selected at the beginning of each observation session. For a 3-minute
observation period, the scanning times of this seal were observed and recorded. After this elapsed time, a second
subject, that appeared to be dry (having been hauled out for 21 minutes or more), was observed for three minutes and
its scan times recorded. Observations were then alternated between the initial focal animal and the second subject
until each individual had been observed for a total of 21 minutes (7 x 3-minute observation periods each).

At the end of the first observation session, a second, newly hauled out seal became the primary focal animal, and the
initial seal became the second subject. Thus, a comparison could be made between the scanning times of a newly
hauled out seal under similar conditions to the scanning time of a seal that had been resident for at least 21 minutes.

At the beginning and end of every observation session, the total number of seals hauled out on the sandbank was
recorded, as was the orientation and position of the focal animal within the group.

T-tests were carried out on the following: (1) the first and last scan durations of all seals, (2) the first and fourth scan
durations of all seals, (3) the initial observation scans of resident seals and the initial scans of new arrivals, and (4)
total amount of time spent scanning by newly hauled out seals and resident seals.

RESULTS The durations of initial scans by newly hauled out seals ranged between 135 and 257 s per 180-s
observation period (X = 86, s.d. =43, N = 8). Average scanning times of newly hauled out seals decreased over time
since haul out (Fig. 2). The initial scan durations were significantly longer than the fourth scan durations (t = 9.47,
df=9, p <0.0001).

The durations of initial observation scans by seals hauled out for 21 minutes or more ranged between 14 and 102 s
per 180-s observation period (X = 33, s.d. =29, N = 8). Average scanning times of seals resident on the sandbank



for 21 minutes or more decrease over time (Fig. 2). The initial observation scan durations were not significantly
longer when compared to the fourth (t= 1.68, df =9, p = 0.13). Average scan duration actually increased at the y =
observation period (Fig. 2).

There were significant differences between the initial observation scan of an individual resident seal and the initial
scan of a new arrival (t = 8.26, df = 12, p = <0.0001). Significant differences were also found when the total amount
of time spent scanning by newly hauled seals were compared to that of those individuals resident for 21 minutes or
more (t = 4.94, df = 12, p = <0.0001).

The average scanning times of individual seals did not decrease as group size increased (Fig. 3).

Arriving seals tended to haul out where there was available space. 37.5% positioned themselves on the periphery, at
either end of the group, orientated towards the water. 37.5% hauled out near the front centre of the group.
Individuals on the periphery of the group orientated towards the water spent longer scanning than those peripheral
seals facing away from the water (X = 90 +/- 29 s vs 31 +/- 29 5). Newly hauled out seals positioned at the front
centre of the group spent longer scanning than those resident for 21 minutes or more found at the same position (X =
82 +/- 8 5 vs 36 +/- 5 5). In addition, newly hauled out seals positioned at the periphery, spent longer scanning than
those found in the same place, but having hauled out 21 minutes earlier (X = 86 +/- 33 vs 48 +/- 17 5).

DISCUSSION AND CONCLUSIONS A decrease in scanning can be partly attributed to time since haul out,
but position and orientation of individuals within the group also needs to be considered.

Individuals in the centre of a group may enjoy greater security than those at the edge (Bertram, 1980) who are
exposed to a greater predation risk, and thus display increased vigilance. However, greater vigilance in newly hauled
grey seals appears to be also related to the disturbance associated with the arrival of new individuals and presumably
potential competition for space.

The smallest group size recorded was 100. In a large group, overall vigilance has reached the maximum value of
100 percent when the group is at a much smaller number (Bertram, 1980). Harbour seal, Phoca vitulina concolor,
group sizes in the Bay of Fundy, Canada, once they exceeded ten, showed little further reduction in scanning
duration (Terhune, 1985). In a small group, most seals would be considered peripheral, whereas in larger groups,
such as those found at Hilbre Island, most individuals are central. This perhaps offers a possible explanation as to
why the average scanning times of individuals did not decrease as group size increased.

The location and orientation of seals on haul out sites favours individual escape into the water (Terhune and Brillant,
1996) and individuals are alerted to disturbances by the actions of other group members (da Silva and Terhune,
1988). During the 6™ and 7™ observation periods, a sailboat approached the group causing an overall increase in
vigilance. If peripheral seals were vigilant only to detect conspecifics that might displace them from their location
on the haul out site, we would not expect the entire group to react to the actions of a single seal (Terhune and
Brillant, 1996).

The results of this study support the hypothesised relationship between vigilance and time since haul out. The
behaviour patterns of the grey seals at Hilbre Island Local Nature Reserve may have evolved as an anti-predator
strategy for grouping on haul out sites.

ACKNOWLEDGMENTS I wish to thank Dave Kavanagh for his patience and assistance whilst on Hilbre
Island. T am also grateful to Colin MacLeod for his advice and valuable comments.
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Fig. 1. Study site, Hilbre Island Local Nature Reserve, West Kirby, Merseyside, England
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PORPOISE SEXUAL PLAYS: WHO DECIDES?
D. Benham" %, G. Desportesz, U. Siebert® and S. Wilson'

I-School of Ocean Sciences, University of Wales, Bengor, UK
? Fjord and Belt Centre, DK-5300 Kerteminde, Denmark
3Research and Technology Centre Westcoast, University of Kiel, D-25 761 Germany

This study investigated the role of a female harbour porpoise in initiating, accepting and rejecting sexual behaviour.
[t was carried out at the Fjord and Belt Centre, Denmark, June-September 1999. Behavioural observations consisted
of 3-hr sessions, 4-5 times weekly, using behavioural recording software. Focal observations were made of states and
events. Duration and frequency were calculated relative to time that the female was in sight. The sexual season was
mid -July to mid-August. The only previous study of courtship behaviour in harbour porpoise (Anderson and
Dziedzic, 1964) suggested females initiated sexual behaviour. The morphology of harbour porpoises would suggest a
‘sperm competition’ model for mate selection, with the male as initiator. This study supported the sperm competition
theory, i.e. the male seen as the initiator. However, the female took an active role in accepting, rejecting and
terminating sexual behaviour, depending on her sexual condition (confirmed by cellular changes on vaginal swabs).
Outside the sexual season, the female was seen to ‘Roll’ away from the male during mating attempts. No successful
intromissions were seen following ‘Roll’. During the sexual season, the female demonstrated a new behaviour
termed ‘Hover’, indicating the cessation of other activities and inclination of the genital area toward the male during
mating attempts. Seven of the eleven successful intromissions were seen following ‘Hover’. This is the first time
these behaviours have been recorded. The female also became more aggressive toward the end of the sexual season,
possibly indicating the end of her receptive period. The ability to signal sexual readiness and effect the outcome of
mating attempts may help females to attract suitable mates and control the paternity of their offspring. Future
confirmation of these results could be useful for determining when females are sexually receptive, which may be
useful for field studies and captive breeding programmes.

TEMPORAL VARIATIONS IN THE BEHAVIOURS OF ADULT GROUPS OF HUMPBACK WHALES IN
THE BREEDING GROUNDS OF GORGONA ISLAND (COLOMBIAN PACIFIC COAST)

O. Bonilla-Findji' and J.J. Capella®

! Apartado Aereo 11328 Cali, Colombia
2 Fundacion Yubarta, Apartado Aereo, 33141 Cali, Colombia

Data from six breeding seasons (1991-95 and 1997) were used to obtain fortnightly frequencies of the behaviours
recorded in the area for five group categories (singer, solitary non-singer, duos, trios and large groups). The
frequencies for three broader classes gathering related behaviours (Passiveness, Socialisation and Aggressiveness)
were also calculated as well as total and relative abundance of adult groups along the season. Results allowed us to
establish that in different groups, behavioural frequencies may present four distinct fluctuation patterns (almost
constant to three peaks). Variability from one group to another was striking at all levels. In each case, one particular
behaviour did not show the same temporal patterns, and, moreover, Passiveness, Socialisation and Aggressiveness
occurred in different proportions. In lone individuals passiveness prevaiiled, in duos socialisation, in trios surface
activity, whilst in large groups it was aggressiveness. The most obvious feature was that, in spite of global
variability, higher activity levels were concentrated into two particular fortnights. All groups tended to show aerial
displays most often at the end of July, when aggressiveness of large groups was also at a maximum. However, in
duos and trios, the latter was concentrated in the second fortnight of August coinciding with the peak of maximum
abundance of groups in the area. It is well known that aggressiveness for males is linked with competition for access
to females (the limiting resource), hence this is not really surprising. However, this was not the case for large groups.
Therefore, our results highlight the role of another factor bringing about this behaviour. Availability of females,
determined by migratory chronology of reproductive classes, undoubtedly plays an essential role in temporal
variation in the social dynamics of adult groups within the breeding season.
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SOCIAL ORGANISATION OF A COMMON DOLPHIN COMMUNITY IN THE EASTERN IONIAN SEA:
EVIDENCE OF A FLUID FISSION-FUSION SOCIETY

S. Bruno, E. Politi, and G. Bearzi

Tethys Research Institute Viale G.B. Gadio 2, I-20121 Milano, Italy, email: s.bruno@tin.it

INTRODUCTION Very little is known about the social organisation and social behaviour of the short-beaked
common dolphin (Delphinus delphis) in the wild, mainly due to the pelagic habits of the species. In the eastern
Ionian Sea, however, a community inhabiting neritic waters has been the subject of a longitudinal socio-ecological
study since 1993. About 100 individuals have been photo-identified, most of them being consistently re-sighted
across years. This study provides the opportunity to examine patterns of social affiliations within the community.

MATERIALS AND METHODS Consistent photo-identification surveys were conducted from 1996 to
1999 from 4.7 m rubber or fibreglass keel inflatable craft powered by 40-50 HP outboard engines.

Photo-identification was performed following Wiirsig and Jefferson (1990), recognising individuals by means of
long-lasting natural markings on their dorsal fins, such as notches and pigmentation patterns of the characteristic
white patch.

Each sighting was subdivided in “sets” (Bearzi et al., 1997); the focal group comprising the set was defined
according to Shane (1990) as “any group of dolphins observed in apparent association, moving in the same direction
and often, but not always, engaged in the same activity”. Members of the focal group usually remained within
approximately 100 m of each other and were all potentially photo-identifiable.

Since the intermixing between groups was very frequent, individuals were considered associated if they were
members of the same set or cluster of sets within a single sighting (Slooten et al., 1993).

Between 1996 and 1999, a total of 253 sightings were made, during which 61 adult dolphins carrying marks suitable
for long-term identification were photo-identified. To reduce small sample biases, amongst the 61 distinctively
marked animals, 47 individuals sighted on five or more different days were selected for social structure analysis.

In order to avoid overestimations of association levels, association between individuals was quantified using the
simple-ratio (SR) index (Ginsberg and Young, 1992), defined as follows:

X

x+yab+ya+yb

SR=

where the variables indicate:

x = number of observation periods during which individuals A and B were observed together;

ya= number of observation periods during which only A was observed;

¥y = number of observation periods during which only B was observed;

Ya» = number of observation periods during which A and B were both observed in separate groups.

Analyses were performed with the aid of the SocProg software package, developed by Hal Whitehead (University of
Dalhousie). In order to perform a cluster analysis, association values were converted into a distance coefficient
following the formula “1 - simple-ratio index™.

RESULTS AND DISCUSSION In general, association indices were very low (median=0.04,
SD=0.077), with only five dolphin pairs showing a SR>0.5 (Fig. 1). Low-level associations (SR<0.25) were found
for a majority of pairs (98%). A high proportion (64%) of the 1,081 possible pairs was observed, indicating that
individuals associated at least on an occasional basis with most other community members. These findings suggest
that membership of groups was highly fluid, with little evidence of long-term social bonds.

A dendrogram depicting the result of a cluster analysis is shown in Fig. 2. The analysis did not enable us to identify
obvious social sub-units within the community, most of the links between individuals being at high levels of distance

49



coefficient (SR<0.25). This, together with the high proportion of observed associations between pairs of animals,
suggests that individuals were likely to be all socially linked, directly or indirectly, to form a single social unit.

Despite the absence of a clear sub-structure in the society, a Monte Carlo test of random association based on
permutations of data sets showed that associations were non-random (p<0.001; 30,000 permutations), indicating the
presence of preferred and avoided associations between pairs of animals. In particular, 83 pairs (7.7%) were found
to interact non-randomly (p<0.05), either because of preferred association, or avoidance.

CONCLUSIONS The community was characterised by high rates of intermixing between groups (fluidity),
resulting in a complex social network where distinction of long-term companionships seemed to be weak.
Nevertheless, patterns of preferred association, disassociation and avoidance were apparent, since interaction
between individuals was significantly different from random. These findings are strongly suggestive of a fission-
fusion social structure resembling those found in coastal common bottlenose dolphins (Tursiops truncatus). The
highly fluid social system of this common dolphin community is likely to reflect local ecological features, such as an
unpredictable and patchy prey distribution and a low predation pressure (Clapham, 1993).
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ANALYSIS OF BEHAVIOUR BETWEEN GROUP CLASSES OF
ADULT HUMPBACK WHALES IN THE WINTERING GROUNDS
OF COLOMBIA, SOUTH AMERICA

3. J. Capella' and O. Bonilla-Findji’

! Fundacion Yubarta, Apartado Aereo, 33141 Cali, Colombia
*Apartado Aereo 11328 Cali, Colombia

This paper presents the first behavioural study of adult groups of humpback whales on the breeding grounds of
Gorgona Island, Colombian Pacific coast. Data were collected during six breeding seasons (1991-95 and 1997),
using the ad libitum sampling method. 430 groups classified into five categories (singer, solitary non-singer, duos,
trios, and large groups) were sighted, and 36 distinct behaviours were recorded in an ethogram. In order to
characterise each group, we analysed the frequencies of their behaviours.

Some general trends were observed: while the number of behaviours and the swim speed increased with group size,
the time spent diving decreased. Only 14 behaviours (38,9%) were common to all the groups and three (8,3%) were
related to particular ones. In detail, lone individuals used to spend a lot of time underwater and to present very few
surface activities except for aerial displays, which furthermore were significantly higher in the non-singers. Duos
were fairly active but with low frequencies and tended to be joined by other animals. The structure of trios was very
stable, and their activity spectra, swim speed, and dive duration all dramatically changed. Much more active than the
preceding groups, they showed behaviours linked to the first levels of aggressiveness. Large groups were
characterised by their aggression and highest rates of surface activities, as well as exclusive elements such as lunging
and loud blows. Behavioural characteristics of this humpback whale population are consistent with studies made in
other breeding areas. It would be interesting to explore the relationship between frequencies of common behaviours
and their social context in order to improve our understanding of their functional significance.
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ESTIMATING MARINE MAMMAL ABUNDANCE
AND IMPACT ON SALMON IN TWO SCOTTISH ESTUARIES

T. Carter', G. J. Pierce” and J.R. G. Hislop®

! Department of Life Sciences, Anglia Polytechnic University, East Road, Cambridge, CBI 1PT, UK
Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24 2TZ, UK
3Fisheries Research Services, Marine Laboratory Aberdeen, PO Box 101, Victoria Road, Aberdeen, AB11 9DB, UK

INTRODUCTION The number of marine mammals, especially seals, seen in the estuaries of the city of
Aberdeen, in Northeast Scotland, have increased over recent decades. The increase is coincident with a general trend
for the Scottish seal population. Seals are often observed eating large salmonids at the water surface within the
estuaries and, on occasion, in the rivers themselves (TJC, GJP, JRGH personal observations). Such observations are
a cause for concern regarding the potential impact of seals as predators of commercially important riverine
salmonids.

This study partly addresses the fisheries concerns, and provides a quantitative assessment of marine mammal impact
on salmonid stocks within Aberdeen’s river estuaries.

METHODS Marine mammals were observed in the estuaries of the Rivers Dee and Don, which enter the North
Sea within the city of Aberdeen, UK. Observation scans were made every 10 minutes over 1,095 one-hour blocks for
two full years (Carter et al., 2001). Observations were focused in two study periods from April 1993 to March 1994
(Pierce et al., 1994) and April 1995 to March 1996 (Carter and Pierce, 1997). Details of the marine mammal species
present, and their behaviour, were recorded on each scan. When seals were observed feeding at the water surface, an
attempt was made to identify the prey item, as either salmonid, unidentified roundfish, flounder, or other species.
Seal scats were collected from the haul out sites in the River Don estuary, and analysed for fish bones, scales and

otoliths.

RESULTS During the study period, the marine mammals observed were harbour seal (Phoca vitulina), grey
seal (Halichoerus grypus), harbour porpoise (Phocoena phocoena) and bottlenose dolphin (Tursiops truncatus). The
frequency, over 1,095 hours of observation, when one, or more, individuals of each species were seen (Table 1)
shows harbour seals were the most commonly observed marine mammal, and harbour porpoises the least. The mean
number of harbour seals per hour, observed swimming during daylight (Figure 1) for the River Don (a) and River
Dee (b) show a clear seasonal variation, with a distinct summer (May to August) minimum and winter (November to
February) maximum. The mean numbers of seals observed in each month, except for August (t=2.185, df=119,
p<0.05) and November (t=2.270, df=91, p<0.05), is not significantly different between the two rivers.

Eight seal scats collected at a haul-out site on the River Don in 1996 yielded 608 marine fish otoliths, of which 480
were from whiting (Merlangius merlangus) and 99 from sandeels (Ammodytidae). The remaining 29 otoliths were
ascribed to other gadoid and flatfish species.

Identified prey items taken by seals in each river during the study period (Figure 2) show more salmonids and
unidentified roundfish were eaten on the River Dee (b) than on the River Don (a) with a reverse relationship for
flounder. In addition, the greatest numbers of fish were consumed during May and from September to December.
These data, when seasonally adjusted and extrapolated over the entire year, estimate that seals take 178 large
salmonids from the River Don estuary, and 698 from the River Dee estuary.

Harbour porpoises were only observed once during the study, while bottlenose dolphins were observed more
frequently (Figure 3) but only in the River Dee. Furthermore, numbers of dolphins observed varied from 1 to 25
animals during a single scan, with a distinct seasonal (January to May) peak.

DISCUSSION Marine mammals in the Dee and Don estuaries show marked seasonality in terms of abundance
and foraging behaviour. Numbers of seals observed in the two rivers were not significantly different on a monthly
basis, being lower during May to July, which corresponds to the breeding time of local seals (Thompson et al., 1997)
when seals might be expected to be absent from the rivers.

Feeding on River Don flounder correlates with the coincident presence of seals and flounder, as reported for the

Ythan estuary (Rafaelli et al., 1990). The peak period for foraging on salmonids and unidentified roundfish in both
rivers falls between September and December, coincident with peak seal and salmon numbers and when salmonids
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undertake their spawning migration (Smith and Smith, 1997). Low water temperatures at this time may cause
poikilothermic salmonids to be more susceptible to predation, indeed scat analysis indicated that riverine seals feed
both at sea and within the estuaries.

Bottlenose dolphins show a strong seasonal occurrence within the River Dee estuary, with a peak between January
and May. The occurrence of dolphins in the Dee estuary coincides with dolphins being less frequently seen in the
Moray Firth (Wilson et al., 1997). The dolphins seen at Aberdeen may not be from the Moray Firth population. It
would be a useful extension of this survey to investigate long-range dolphin migration patterns within the northern
North Sea via photography for identification of individual dolphins.

Putting seal predation of riverine salmonids in perspective, foraging impact estimates on salmonid populations
presented here are an order of magnitude less than numbers taken annually by anglers on the Rivers Don and Dee
(Fisheries Research Services, unpublished data).
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Table1 The number of occasions when at least one individual of each species was observed, during 1,095 hours of
observation

Harbour seal Phoca vitulina 8,864
Grey seal Halichoerus grypus 172
Bottlenose dolphin Tursiops truncatus 27
Harbour porpoise Phoecoena phoecoena 1
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MEDITERRANEAN FIN WHALES, BALAENOPTERA PHYSALUS,
FORAGING OFF THE EASTERN COAST OF SICILY, IONIAN SEA
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INTRODUCTION Fin whales are seasonally present in the Eastern Ionian Sea during late spring and summer
(Giordano et al., 1995) but little has been reported concerning their abundance and habitat use in the Ionian Sea,
although it has been suggested that their presence could be a feature of a migration within the Mediterranean Sea
(Marini et al., 1995).

In the spring of 1999, a group of five Mediterranean fin whales, Balaenoptera physalus, was sighted off the southern
coast of the Tonian Sea for three days. On this occasion, the behavioural surveys had showed that most of the time
the whales engaged in a behaviour similar to that described by other authors as feeding. This group was feeding on
surfacing swarms of krill that were later identified as Meganictyphanes norvegica, the main food of fin whales in the
Mediterranean Sea.

MATERIALS AND METHODS The study area is located in the Gulf of Noto along the south-east coast of
Sicily and is a topographically shallow area of about 50 km? between Capo Passero and Capo Murro di Porco.

Boat surveys were conducted from 26 to 28 May 1999 during the daylight hours using the Coastal Guard Vessels
within the Gulf of Noto. In three days of observation, a total of 56 nautical miles was covered and 23 hours were
spent at the sea with 19 hours of sightings.

The co-ordinates of whale sightings were acquired using Coastal Guard Vessels GPS and their daily position was
later visualised using ArcView software. Photographs of whales were collected with 35-mm cameras equipped with
80-200 mm £.2.8 zoom lenses and motor drives. ISO 400 black/white print, ISO 400 and Kodak Ektachrome ISO 100
color slide film were used. All photographs were compared manually using the procedures developed previously by
Gannier and Gannier (1997), and Agler (1990, 1992). An effort was made to photograph each animal from both sides
to include the head, dorsal fin and chevron.

Four surface zooplankton samples were taken with a scoop, then filtered out and preserved for the laboratory
analysis. The collected samples were classified using the methodology shown by Trégouboff and Rose (1957).

RESULTS Fin whales were seen and monitored for the entire survey period, for c. 8 hours every day. By
photo-identification analysis, we were able to recognise five individuals, two decidedly larger than the other three.
Four individuals were positively identified and one of them was previously observed and identified northward along
the Strait of Messina (Tringali et al., 1999).

During afternoon sightings, it is seldom possible to observe underwater feeding behaviour from a boat-based survey.
However, the exceptional calmness and clarity of water during our surveys allowed our team to clearly watch
underwater and surface behavioural events.

Group size varied between two and five individuals, often with subgroups of two or three individuals swimming
within 10 m from each other. Several instances of side-swimming (mostly on the right side) with the white ventral
side clearly visible from the surface were observed, and, in particular, one.individual with throat distention was
observed while the water spilled out of the contracted mouth just below the surface. Fin whales showed a routine
activity of near-surface slow and steady swimming (about 3-4 knots), short dives (3-6 minutes), and occasional deep
dives. All individuals had distinct feeding behaviour patterns, most of them previously described for fin whales
(Watkins and Schevill, 1979).

Zooplankton surveys

The zooplankton samples revealed the presence of the euphausiid, Meganyctiphanes norvegica (Sars 1857), at a
juvenile stage. Indeed, they lacked mature sexual organs (thelycum or spermatheca in females, petasma in males),
and measured total lengths of between 13.8 and 17.2 mm (Mauchline and F isher, 1969; Trégouboff and Rose, 1957;
Costanzo and Guglielmo, 1976).
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The presence of pelagic fish such as Thunnus t. thynnus (Linnaeus, 1758), Mobula mobular (Bonnaterre, 1788) and
Sardina pilchardus (Walbaum, 1792) was also noted, probably attracted by the abundance of prey items.

North-east Atlantic and Mediterranean fin whales have a special relationship with the krill M. norvegica, and indeed
it is their exclusive food during summer feeding (Kawamura, 1980). Studies on faecal samples of fin whales
conducted in the Ligurian Sea showed the predominant role of this euphausiid in their diet (Orsi Relini and
Giordano, 1992; Orsi Relini et al., 1992).

Meganyctiphanes norvegica is abundant in the north-western Mediterranean Sea where fin whales are frequently
encountered, and has been sporadically observed also in the lonian Sea (Franqueville, 1971). Guglielmo (1969)
observed wide swarms stranded along the Tonian coast of Sicily between November and April, and suggested that
some sort of passive mechanisms could have brought the krill to the surface from deep and intermediate waters.

The strong seasonal variability of the cyclonic circulation in the Ionian Sea (Tziperman and Malanotte-Rizzoli,
1991), coupled with the cool waters, often upwelled to the surface by the northwesterly winds along the Sicilian
coasts (Le Vourch et al., 1992) make this area likely to be associated with the accumulation of Meganyctiphanes.
Consequently, the presence of pelagic fish and cetaceans is likely associated to the patchiness and variability of the
euphausiids.

CONCLUSIONS This study highlights the seasonal presence of the Mediterranean fin whale in eastern
Sicily, and indicates that within the oligotrophic Mediterranean basin, the Ionian Sea could play a very important and
under-estimated role as a feeding ground for fin whales. However, further investigation is needed in order to better
understand the biological and oceanographic features of the Ionian area in relation to the seasonal presence of fin
whales.
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MIRROR DIRECTED BEHAVIOURS OF BOTTLENOSE DOLPHINS
TESTED IN A LARGE OPEN-SEA ENCLOSURE

1. Cirillo', A. Lorenz', F. Veit?, R. Zilber?, and D. Todt'

! nstitute of Biology, Free University of Berlin, Haderslebener Str. 9, D-12163 Berlin, Germany
2 International Laboratory of Dolphin Behaviour Research, Dolphin Reef, PO.Box 104, Eilat 88100, Israel

INTRODUCTION Encounters with images reflected by mirrors are a well-known tool to study particular
communicative behaviours or cognitive abilities in various kinds of mammals and birds (Todt, 1986). In some
spectacular cases such devices were used to examine even accomplishments of self-examination, e.g. in primates
(Gallup, 1970; Gallup et al., 1995) and dolphins (e.g. Marino et al., 1994; Marten and Psarakos, 1994, 1995).
Currently, we have conducted a series of mirror tests with a group of ten bottlenose dolphins (Tursiops truncatus)
living semi-free in a spacious open-sea enclosure (Dolphin Reef, Eilat). The aim of this study was to elucidate how
specific biological variables (e.g. activities shown before a test) and also experimental variables (e.g. mirror
properties or place of presentation) would affect the dolphins' behaviour to our device. In addition, we wanted to find
out how the dolphins would deal with the problem of perceiving two presumably contracting kinds of information,
one extracted by their sonar system and the other extracted by their visual system.

METHODS The study was conducted with a group of ten bottlenose dolphins (Tursiops truncatus) including
one adult male, four adult females, and five juveniles. All adults were living in the study site (Dolphin Reef, Eilat)
for more then eight years, and all younger animals were born there. The site covered an area of water of ca. 14,000
square metres, Dolphins could voluntarily leave the site by a gate, and some of them used it several times per day for
excursions to the open sea. Because of an excellent water quality, ID procedures were not a problem. - Since special
sections of the site were used by the public, our study required a number of preparations. In particular, we examined
the spatial distributions of dolphins within the site and tested especially whether and when they preferred to stay at
particular areas, for instance, in relation to specific events such as shows or visits by human swimmers (Todt and
Hultsch, 1996). The results of such data sampling provided a baseline for selecting the positions where we placed our
experimental devices (such as mirrors) or our recording equipment (such as underwater cameras and hydrophones).
Details about these methodological prerequisites, and also about the dolphins and their normal behaviours have been
published elsewhere (Veit and Bojanowski, 1996; Bojanowski, 1999).

During this study, the dolphins were exposed to commercial mirrors (size: 0.6 x 1.2 m) presented in two alternative
versions; i.e. with reflective properties on either one side (= simple mirror) or both sides (= double mirror). For
control, plates of metal, wood, or glass without mirror properties or mirrors covered by an opaque foliage were
presented. All devices were fixed in a vertical position with 1 m space between their upper edge and the water
surface. As soon as a given device had been positioned in the site area, a standardised acoustical stimulus was
broadcast, which served as a sign for the start of a given test. There was evidence from pilot studies that the dolphins
indeed paid attention to this starting signal. Tests (n=33) were made at different places in the site and in a random
succession. They had a duration of 15 min each, and were distributed over several days with longer breaks between
tests 15 & 16 (11 months) and tests 28 & 29 (3 months). Before, during, and after each test, the dolphins’ behaviour
was recorded audio-visually (i.e. by underwater cameras & hydrophones). ID procedures and also behavioural
analyses followed methods published elsewhere (Todt and Hultsch, 1996; Brensing et al., 2001).

RESULTS All dolphins approached the test area up to a distance of 3 m, when a novel device was presented.
But, whereas subjects did not swim closer to any of the control devices, they inspected every type of mirror from a
distance of less than 2 m..In seven of the ten dolphins such visual inspections were followed by a number of specific
mirror-directed behaviours that were performed either individually or in a pair-wise manner. On the other hand, such
encounters showed several changes over time. This development was independent of mirror properties. After the
third experiment, only four individuals continued to visit and encounter the mirrors (Fig. 1).

Dolphin Behaviours Above all, we did not find evidence for a kind of self-examination, but rather observed
activities that were known as constituents of normal social interactions in this species. Activities shown when a
dolphin was less then 1 m apart from a mirror included the following types of behaviour: AC = Approach until
mirror contact. BB = Big blow of air produced just before touching a mirror by nose or snout. VI = Visual
inspection by directing one or both eyes towards the mirror. HJ = 'head-jerking', performed in front of the mirror by
rhythmical movement of head and with mouth clapping. In most cases, HJ was accompanied by pulsed sounds (=
PS) that had a similar structure as PS vocalised during agonistic interactions between dolphins. SM = shoving or
pushing the lower part of a mirror by nose or snout. RM = riding on a mirror by taking a position above its upper
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edge and obviously trying to push it down. The performance of both SM and RM resembled properties that are
typical characteristics of social play. Thus, they were taken together and classed as playful BD = 'bulldozing' (see
also 'rough-and tumble play' - Veit and Bojanowski, 1996). Therefore, BD and likewise both SM and RM were
categorised as playful behaviours. Data illustrating the time budget of the listed behaviours are given in Figure 2.

Mirror Properties Data analyses revealed the following results: First, mirror shapes affected the behaviour of two
individuals. One dolphin placed itself above the other one, if the long edge of a mirror was arranged vertically. But
dolphins contacted a mirror side by side to each other, if the long edge of a mirror was arranged horizontally.
Second, during tests with simple mirrors, dolphin behaviours were directed to the reflecting side only; whereas
during tests with double mirrors, they were clearly directed to both sides of a mirror. In addition, encounters with
double mirrors lasted significantly longer than encounters with simple mirrors. Finally, when after a number of
preceding tests, the reflecting side of a simple mirror was covered by an opaque foliage, only one of the dolphins
(Nana) showed AC and V1. Afterwards, however, this individual removed the foliage by its mouth and transported it
to a distant location within the study site. In summary, all trials documented that the dolphins responded to mirror
properties that clearly were related to the quality of images to which a given mirror provided visual access.

Comparison across tests In order to examine effects related to (1) the locality the of mirror presentations, (2) the
activity of dolphins during such presentations, and (3) the serial succession of dolphin encounters with mirrors, we
conducted data comparison across tests. Here, we considered only those tests during which our subjects had been
presented with an identical mirror device. Analyses of these variables revealed the following results: First, dolphins
did not approach mirrors that were presented close to the marginal areas of the study site; thus the locality of an
experiment had an effect of its outcome. Second, a similar result was obtained for the subject’s activity. In other
words, when the dolphins were engaged in a specific activity, e.g. communal fishing, none of them approached a
mirror. Finally, previous experience with a mirror influenced the probability of attending an experimental session.
So, for instance, there was a form of habituation along with a series of tests conducted during the same session, and
also a decline in the number of dolphins approaching a mirror (Fig. 1). On the other hand, however, one of the
subjects (Nana) continued to encounter a given mirror over more than 30 tests. Analysis of Nana's behaviour
indicated that this dolphin began to monopolise the test device.

DISCUSSION The aim of this study was to examine whether and how bottlenose dolphins that were
living in an open sea enclosure and here had free access to a huge set of attractive resources would deal with the
chance to encounter a mirror or other experimental devices. Therefore, and because our test setting did not include
prerequisites for an investigation of self-examination, it is not surprising that we did not find evidence for this
accomplishment (Madsen and Herman, 1976). On the other hand, our data showed that all subjects distinguished
non-mirror devices from mirrors, and additionally directed their behaviours to the images reflected by a mirror.

Our finding that mirror encounters were composed of behaviours that normally account as species-typical
constituents of social interactions, is in line with the results from other authors (Overstrom, 1983; Veit and
Bojanowski, 1996). A similar correspondence concerned the portion of time that dolphins spent in close proximity of
mirrors (Marten and Psarakos, 1995), and also the considerable inter-individual and age-related differences among
dolphins (Bojanowski, 1999). Together with some dynamical properties of behaviour, e.g. a repetitive but
nevertheless highly variable pattern performance, these differences resembled typical characteristics of social play
(Todt, 1983). Such characteristics were particularly prominent during performances of SM and RM. Thus, it could
be challenging to compare the complex of playful ‘bulldozing’ to other kinds of playful encounters of dolphins (Veit
and Bojanowski, 1996), but also to the complex of playful wrestling' described for primates (Todt, 1997).

From a functional perspective, the mirror encounters of dolphins can be taken as a process that begins with a phase
of exploration, continues with a phase of playful behaviours, and finally can lead to a phase of practical usage or
monopolisation, respectively. A similar sequence has been documented for comparable behaviours of non-human
primates (Todt, 1983). Hints adopted from such primate accomplishments suggest two explanations for our dolphin
results: First, the progression from exploration to play and the performance of playful mirror-directed behaviours can
be interpreted by a reward effect that here could have been caused by the visual mirror reflections.

CONCLUSIONS We conclude that the dolphins after mirror exploration were readily able to distinguish a
mirror image from a real dolphin (see also Marten and Psarakos, 1995); and thus their playful mirror encounters
could have been both stimulated and rewarded by the illusion of a dolphin-like counterpart. Second, we hypothesise
that the mirror monopolisation displayed by one individual (Nana) had induced the observed decrease in playful
mirror encounters of the other dolphins. To test our hypothesis, we have now started new mirror experiments with
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isolated individuals. This novel study are also designed to examine further our conclusion about the processing of
visual illusions in bottlenose dolphins.
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Fig. 1. Inter-individual and serial differences in mirror encounters of dolphins,

Circles represent tests during which a given dolphin had encountered a mirror. Tests 15/16 and 28/29 were separated
by temporally extended experimental breaks. Subjects are listed on the left (Cindy = adult male; Domino, Dana, Shy
= adult females; Pashosh, Nana = juvenile females; Bungy, Shandy, Lemon, Yassu = juvenile males). The initial
phase (1%, 2™ and 3" test) consisted of exploratory behaviours shown by all subjects; whereas the subsequent tests
were composed by playful encounters performed by four dolphins. However, after test 25, one individual (Nana)
began to monopolise a mirror (see text & Fig. 2).
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Fig. 2. Time budget of mirror-directed behaviours. Boxplots give means per test (calculated for tests 10 to 15). Here,
data of two consistent dolphins (juveniles: Bungy & Nana) are pooled for each type of behaviour. Symbols: BB =
Big blow of air; HJ = head-jerking; RM= riding upon mirror: SM = shoving mirror; VI = Visual inspection of
mirror. The sequential dynamics of these behaviours documented playful encounters.

(For further details see text)
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DOLPHIN-WATCHING ACTIVITY AS A SUSTENIBLE INDUSTRY IN MARINE PROTECTED AREAS:
INFLUENCE ON BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS) BEHAVIOUR

R. Crosti' and A. Arcangeli®

ISchool of Environmental Science, Murdoch University, Murdoch 6150 Western Australia
2 4CCADEMIA DEL LEVIATANO, Viale dell'Astronomia 19, 00144 Roma, Italy

Dolphin and whale watching is becoming a popular ecotourist activity in European Marine Protected Areas. In some
Mediterranean areas, it is even suggested that incentives be provided the fishery industry into this new activity.
Although there are some studies on dolphin-boat interactions, more information is needed to understand the impact
of these interactions for the management of this new industry. This study presents the results of interactions between
bottlenose dolphins (Tursiops truncatus) and dolphin-watching tour boats in Bunbury (Western Australia) during the
summer season (January 2000).

Sixty hours of both acoustic and surface behaviours have been collected with focal group sampling at three minutes.
The results show that the presence of the tour boat can influence the frequencies and the duration of the behaviours
and the structure of the groups. The types and frequencies of direct inter-relating behaviour between boats and
dolphins have also been analysed. In more than 80% of the cases, dolphins change their behaviour between 3 to 9
min. after the boat’s arrival: frequency of feeding and resting decrease significantly (P<0.01; P<0.05) while
travelling increases (P<0.01). The mean duration of behaviours is significantly reduced (P<0.01: feeding, resting;
P<0.05: socialising). The group structure is also influenced, as dolphins tend to spread in smaller groups in presence
of the boat (P<0.01). Only sporadically do they return to the same behaviour as before the boat arrival.

The direct inter-relating behaviour shows a positive response (e.g.. bow-riding) in 18% of the cases, while dolphins
have a negative response (aggressive or avoiding behaviour) in 26% of cases; for the rest, the response is neutral
(swimming around the boat). The results highlight how and which ecological factors could be influenced by dolphin-
watching activities and show a direction for the management of this new industry.
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ROLE AND IMPORTANCE OF SUBMARINE CANYONS ON THE CONTINENTAL MARGIN FOR THE
SUMMER DISTRIBUTION OF CETACEANS IN THE NORTH-WESTERN MEDITERRANEAN SEA

Léa David and Pierre Beaubrun

Laboratoire de Biogéographie et Ecologie des Vertébrés, Ecole Pratique des Hautes Etudes,
UM II case 94, 34095 Montpellier Cedex 5, France (e-mail: leadavid@univ-montp2.fr)

INTRODUCTION Many publications indicate that cetaceans frequent preferentially the continental slope,
especially its upper part, and also particularly submarine canyons around the world (Kenney and Winn, 1987, on the
NE coast of the United-States; Jefferson, 1991 for the Monterey canyon in California; Mullin et al., 1994, in the Gulf
of Mexico; and Hooker ef al., 1999, near the Nova Scotia coast). What influence does the site and its characteristics
have on the distribution of top predators like cetaceans? Which factors determine their distribution?

All these indications encourage us to look at the situation in the Mediterranean Sea, where studies about relationships
between environmental factors and cetacean distribution are quite recent but scarce, mostly brief or based on time-
lag biological data. Studies deal either with small areas or with large ones, and none treat precisely the utilisation of a
canyon, Our objective is to determine the role and the importance of canyons of the continental margin for the
summer distribution of cetaceans in the Northwestern Mediterranean Sea.

MATERIALS AND METHODS This work is based upon data gathered from 1991 to 1998, during the months
of June to September, over an area off the coast of France, from the Spanish frontier to the Italian one and to the
south of Corsica. We retained only data concerning the continental margin, that is to say, from the coast to the 2,000
metre depth bottom contour. We focused our attention on the canyons and the area between them called inter-
canyon, in two regions (Maps 1 and 2) where both of these features occur:

- Provence, where canyons are relatively narrow with steep head, and ‘in the vicinity of the Northern
Mediterranean Current (NMC) such as Cassis, Toulon, Magaud, Saint-Tropez, Estérel and Var. The inter-
canyon area is present but small.

- Corsica (western part of the island) where canyons are narrow and short, hence small, and specially cross
the shelf, such as Calvi, Porto, Sagone, Ajaccio and Saint-Florent. The inter-canyon area is quite extended.

We used standardised line transect methods, aboard 12 to 30 metre motor sailing boats, at a speed of 5-7 knots, and
with three permanent observers. This allows a concentration of observations from 0.55 to 2.06 obs./km_mn’
(Gannier, 1995).

Only nautical miles (nm) covered, with a sea state and wind conditions < Beaufort 3, were retained in this study,
totalling 4,426 nm over the continental margin, 3,331 over canyons, and 1,095 over the inter-canyon areas. Each
transect was measured (software KARTO 7.1, Cadiou 1996), and divided into one nautical mile sections (+/- 10%).
We calculated the position and the time of the end of each section. All observations of cetaceans were noted at the
end of a nm, according to their position (latitude, longitude).

As soon as a cetacean is detected, we note his angle and distance from the trajectory of our boat with the help of the
vertical graduations and the compass integrated into binoculars (STEINER Commander III). These measurements
enable us to locate the animal accurately on a map (S.H.O.M., 1:250 000) when it was >0.5 nm distant from the
boat’s position, and then read its “ real ” geographical coordinates, and the depth at its position. Species, number of
animals, structure and composition of groups, behaviour, and heading were also noted.

We made 371 encounters from seven different species (fin whale, sperm whale, Civier’s beaked whale, long-finned
pilot whale, Risso’s dolphin, bottlenose dolphin and striped dolphin), for a total of 3,581 individuals.

Canyons are theoretically defined by the 200 to 2000 m depth contours. But since we want to know their influence
on cetacean distribution, we need to take into account hydrological processes that occur mostly at the head and along
the edges of canyons (Hickey 1995; Durrieu de Madron, 1994) beyond these topographical limits. So we decided to
draw limits specifically for each of the canyons in relation to their configuration, with the help of the GIS, MapInfo
3.1 and Karto 7.1 over a digitalised bathymetric map (S.H.O.M.).
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RESULTS The results show that the number of different species encountered is slightly higher in canyons (7)
than outside (5), and concern notably the "teuthophagous" species in Corsica and rare ones like Cuvier’s beaked
whale Ziphius cavirostris over the entire study area.

The overall relative abundance of each species is higher in canyons than outside (Fig. 1). We used a Wilcoxon paired
sign of ranks test with data from four years (1994 to 1997) for which we had good survey effort over the entire study
area, and obtained a p=0.06, which we accepted as significant.

We classified the behaviours, followed by the majority of individuals in the group encountered, in one of these
categories: travelling, feeding, resting, and playing/socialising.

Analyses of the behavioural data (Figs. 2 to 4, and Table 1) confirm the importance of canyons for three major
trophic categories, mainly for feeding for odontocetes and socialising for teuthophagous species. The percentage of
newborn animals observed in canyons compared with inter-canyon areas further supported this last finding (Fig. 5).

Each canyon is specifically utilised and exploited by cetaceans during the summer period (David, 2000), and some
canyons are more attractive than others, namely: Saint-Florent, Cassis and Magaud (Friedman test, p=0.03).

DISCUSSION In this part of the northwestern Mediterranean Sea, the continental margin is influenced
successively either by continental water (Rhéne in the Golfe du Lion and Var in Provence) or by upwellings, or by
the NMC and its associated thermohaline front. Interactions between the NMC and canyon's topography generate
upwellings and eddies, with stronger currents over the canyon's flanks and head. These hydrological processes bring
nutrients that allow or enhance productivity and concentrate or attract all the elements of the trophic chain. In
addition, the behaviour of most marine organisms, like euphausiids, squids and fishes, lead to a near permanent food
supply for predators. These animals are swept away during their vertical diurnal migrations and are trapped at the
head of canyons. Moreover, the upper slope and canyons are spawning areas for several species of squid and fishes,
which gather and school there during the summer. In those situations, canyons become areas of important
concentration, abundance and species diversity, and thus are attractive for cetaceans.

We can add that not only does biological richness influence the distribution of cetaceans, but certainly also the prey
type, their availability, accessibility, patches of concentration, and frequency of occurrence of these patches. Because
canyons are topographically fixed, the hydrological processes occurring locally should be regular, and thus canyons
could be a regular source of food.

The canyons most frequented by cetaceans seem to be those where meanders and eddies of the NMC occur, forced
by the topography of the coast.

CONCLUSIONS This study shows the importance of the continental margin, and in particular sub marine
canyons, in the summer period, their trophic role for cetaceans, but also the social role for teuthophagous species.

Since results from studies in different parts of the world are similar, it seems that the influence and importance of
canyons are common throughout the world, even if modalities and intensities depend on hydrological, topographic
and biological contexts. We can therefore suppose that similar results should be found in Mediterranean areas
presenting patterns like ours, as for example in the Balearic Sea. Could this area act like a mirror of the Liguro-
provengal one? Or would it act like a complementary area? And could we imagine looking at the Liguro-provencal
Sea like a huge canyon, and the Alboran Sea too?

Although canyons are attractive sites for cetaceans, some of them are more frequented than others. Factors
explaining this would be the size of the canyon and its distance from coast. Both parameters influence physical
oceanography and availability of potential resources for cetaceans. Because canyons are rich in species diversity and
abundant in cetaceans, and since most of them are near the coast, they become good places for whale-watching. It
could be a priority to protect the more important ones, like Cassis or Magaud where a lot of animals feed and mate,
especially since most of them are included in a recently created International Sanctuary.

ACKNOWLEDGEMENTS to the Ministére de 1’Aménagement du Territoire et de I’Environnement (France),
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Table 1. Number of individuals per nautical mile showing one of the four behaviours, in canyons and inter-canyons

areas for three trophic categories.

Undetermined | Feeding | Travelling | Resting | Socialising
Fin whales in canyons 0.0060 0.0030 0.0039 0.0006 0.0012
Fin whales in inter-canyons 0.0064 0.0000 0.0091 0.0009 0.0000
Teuthophagous species in canyons 0.0135 0.0201 0.0222 0.0024 0.0318
Teuthophagous species in inter-canyons 0.0146 0.0073 0.0091 0.0000 0.0000
Striped dolphins in canyons 0.1861 0.2699 0.2309 0.0258 0.0129
Striped dolphins in inter-canyons 0.2612 0.1443 0.1434 0.0411 0.0484
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LATERALISATION OF VISUAL AND AUDITORY PROCESSING IN
BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS, T. GILLI)

F. Delfour' and M. Maurer’

'13 imp. A. Marfaing, Toulouse, France
2Université L. Pasteur, 4 rue B. Pascal, Strasbourg, France

In that study, we focused on the dolphin’s spontaneous eye preference when performing a complex cognitive task.
The information arrived through two different modalities (visually and auditory): the dolphins had to show
associations between a particular tone and a geometrical figure changing in size and dimension (2 D and 3 D)
presented on an underwater touch screen. We worked with three female bottlenose dolphins. In order to visualise and
touch an underwater target, the dolphins had to come closely to the touch screen (distance <Im) and to properly
position themselves using monocular vision (left or right eye) and/or binocular naso-ventral vision. In the first place,
the high scores of correct answers tended to demonstrate an ability of the dolphins to associate an auditory signal
obtained by passive listening to a visual signal presented on an underwater touch screen. Then, the three subjects
showed a spontaneous tendency to use monocular vision rather than their binocular naso-ventral visual field. And
finally, contrary to previous studies, two subjects tended to use preferentially their left eye when looking at the
targets on the underwater touch screen. Does this phenomenon imply a right hemisphere dominance? Contrary to
humans, is the dolphin brain better organised to impose structure on auditory data than on visual data? Further
analysis is required to understand the role of each cerebral hemisphere in visual combined with auditory processing.

OSTRICH POLITICS PUT HARBOUR PORPOISES AT RISK

G. Desportes’, M. Amundin®, S. Wilson', T. Jepsenl, 1. Kristensen',
D. Goodson®, 1. Mello?, and C. Blomqvist”

! Fjord and Belt Centre, DK-5300 Kerteminde, Denmark
2 Kolmardens Djurpark, 618 92 Kolmarden, Sweden
? Dept of Electronic & Electrical Engineering, Univ. of Loughborough,, Loughborough, Leics LE11 3TU, UK

Little is known of harbour porpoise foraging behaviour, although it is likely that porpoises become entangled in their
search for food. Three porpoises were kept at the Fjord & Belt Centre, in a semi-natural open design pool with
entrance of tidal flow and different live fish. They are often seen searching for fish in a vertical position, with both
their eyes and their sonar apparently orientated toward the bottom, i.e. bottom grubbing. If common, this behaviour
would impact on the chance of porpoises detecting even acoustically-enhanced nets. It was thus further investigated.

Observations were conducted of both natural behaviour of the animals (focal sampling on undisturbed animals) and
the behaviour initiated in front of an observation window by releasing live fish at the bottom (direct observation and
filming through fixed cameras, acoustic recordings).

The time spent by the three porpoises in bottom grubbing varied from 0 to 30%, with an average of 2.4%, 5.6% and
8% respectively. From mid-August, the juvenile female was observed bottom grubbing significantly more (>10%).
The frequency per hour varied between 0 to 97, the bottom grubbing bouts lasting between 0.2 sec to 172 sec. The
distance travelled during a bottom grubbing bout was 18 m. The porpoises used their sonar extensively, with high
repetition rates (peaks over 600cps), frequently making upward head jolts synchronised with sudden changes in
repetition rate, likely to elicit a startle response in hidden fish. Porpoises, satellite tagged in Danish waters, dive
mainly to the sea-bed (Teilmann et al., 2000) and the main bulk of their prey is bottom dwelling fish (Lockyer et al.,
2000). Thus bottom grubbing is likely to be an important activity in wild porpoises in these waters, and this casts
doubt on the potential efficiency of passive methods for reducing by-catch relying on the elimination of nets by
porpoise sonar.
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EVOLUTION OF A BOTTLENOSE DOLPHINS POPULATION
IN THE NORTH-EASTERN WATERS OF SARDINIA (ITALY)

Bruno Diaz Lopez', Luca Marini', and Federico Polo®

1 gecademia del Leviatano, Viale dell’dstronomia, 19 - 00144 Roma, Italy
’Dip. Biologia, Universita di Padova, Via Ugo Bassi 58/B, 35121 Padova, Italy

INTRODUCTION Very few long-term studies on bottlenose dolphin (Tursiops truncatus) populations have
been carried out in the Mediterranean Sea up until now. A comprehensive study on the behavioural ecology of a
resident population of bottlenose dolphins in the waters of north-eastern Sardinia started in 1991. Summer
observations were discontinuously carried out up to 1998, but since 1999 a constant monitoring of the area started
again, and it is carried out throughout the year (except in summer months).

The area includes about 80 square nautical miles of water with a depth up to 100 metres, with large and small islands
and a complex shoreline (Fig. 1).

In 1992, a fish farm has been built up just in the area: the surface of the cages was less than 1 ha, their volume being
of 30.000 m’ and containing about 174 tons of fish biomass. In 1995, the plant was completely transformed and now
covers about 2.4 ha and contains about 800-1000 tons of fish biomass.

MATERIALS AND METHODS Since observations have been carried out by the same research group, the
same or similar methodologies have been adopted so the results that were recorded in the different periods are really
comparable. A first study was carried out from 1991 to 1994, and observations were recorded both from independent
boats, trawlers and shore-based observation points (Arcangeli et al., in press; Marini et al., 1996).

About 976 hours of observations were carried out from 1991-94, with 894 hours from 1999-2000. Sightings are
recorded only from the shore-line and from boats close to a floating fish farm (which was built in 1992). Spotting
and observations of the animals were carried out with the naked eye and 12x40 and 12x50 binoculars. Photographs
have been taken by an automatic 35 mm reflex camera with 35-80 and 100-300 zoom lenses.

Sightings were considered satisfactory when the visibility was not too much reduced by rain or fog and sea
conditions were equal or below 3 of the Douglas scale. To record the behaviour, an ad libitum method (Altmann,
1974) was chosen, with the sequences of observed behaviours by the focal groups dictated to a tape recorder.

RESULTS In the first period (1991-94), dolphin sightings (n=99) were relatively rare (Fig. 2), and the mean
school size quite small, with a larger observed school of ten animals (Fig. 3).

Dolphins were shy and lacking confidence around boats. Animals were accustomed to follow trawlers to chase
cephalopods and fishes in front of the nets: hard predation on trammels was carried out, causing serious damage to
the nets.

Photo-identification processes were very hard to undertake because it was difficult to approach the animals and their
dorsal fins were extremely "clean", with very rare notches or scars: no more than seven animals were identified and
few of them had permanent notches. Anyway, apparently all the animals in the area that brought scars had been
identified after some time (Fig. 4).

Nowadays, the number of sightings per hour has increased dramatically (n=225) (Fig. 2); mean school size is larger
(R=1-17) (Fig. 3); dolphins are easy to approach, and notches and scars are more frequent, with the number of photo-
identified animals still growing up after two years. "Old" animals, that had been identified since 1987, are still seen
in the area, but "new" ones are constantly identified (Fig. 4).

DISCUSSION AND CONCLUSIONS The nourishment coming from the farm gave rise to an increase in the
presence of "wild" fish in the surrounding area, and this trophic availability probably creates a "sponge" effect
towards groups of dolphins originally living outside the area.

While, in the past, low numbers of animals in the area limited any competition, now that new animals are coming
some kind of competition could occur (e.g. sexual competition) causing the evident scares on the dorsal fins.
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Dolphins operate opportunistically in groups of different size, adopting different feeding strategies in different areas
(offshore, inshore, close to the fish farm) (Diaz Lépez, B. et al, in press): they have been seen feeding on dead fishes
discarded by the farm or escaping from the nets of the cages, too, while in the past they have never been observed
eating fishes that were discarded by trawlers.

Unlike in the past (Marini, 1994), the presence of dolphins in the area is nowadays conditioned more by the fish farm
than the fishery activities: however, feeding on fishing gear seems to remain an important resource for dolphins.
During winter season, dolphins seem to stop to follow trawling boats, preferring to feed on nets close to the coast.

Moreover, the fish farm clearly changed the presence and behaviour of bottlenose dolphins in the area.

Clearly, the radical change in trophic availability seems to be the main reason for the transformation of the presence
and behaviour of the dolphins: this seems to be the first well documented case in the Mediterranean Sea of an
alteration of the behaviour and ecological dynamics of a population of bottlenose dolphins to be driven by the human
alteration of the environment.
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Figure 1. Study area
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KILLER WHALE UNDERWATER TAIL-SLAPS:
KINEMATICS OF A FEEDING BEHAVIOUR IN THE FIELD

P. Domenici', T. Simil#’, and R. S. Batty’

'CNR, Localita Sa Mardini; Torregrande, (Or) Italy
’Norwegian Killer Whale Project, Box 181, 8465 Straumsjoen, Norway
’Dunstaffnage Marine Laboratory, PO Box 3, Oban, Scotland

Co-operative hunting by killer whales (Orcinus orca) has been reported in a number of descriptive studies. However,
no previous study has provided a quantitative analysis of the kinematics of killer whale attacks on fish. Killer whales
feeding on herring (Clupea harengus) in a fjord in northern Norway were observed using underwater remote-
controlled video. The whales herded herring into a tight school close to the surface, while periodically lunging at it
and stunning the herring by slapping them with the underside of their flukes while completely submerged. Killer
whales then ate the stunned herring one by one. Successful tail-slaps occurred in synchrony with a loud noise. This
noise was not heard when the tail-slaps occasionally “missed” the target, suggesting that the herring were stunned by
physical contact. The kinematics of tail-slapping were analysed in detail. Tail-slaps consisted of a biphasic
behaviour, i.e. two phases with opposite angles of attack, a preparatory phase and a slap phase. During the slap
phase, the maximum angle of attack of the flukes was 47° on average. The maximum speed of the flukes was 2.2
lengths s (14 m s”) while the maximum acceleration of the flukes was size-independent and was 48 m s2 The
theoretical maximum number of herring hit by a tail-slap ranged between 10-47 individual herring. Given the high
performance of the tail-slaps in terms of speed and acceleration, we suggest that tail-slapping by killer whales when
feeding on schooling herring is a more efficient strategy of prey capture than whole-body attacks, since acceleration
and manoeuvrability are likely to be poor in such large vertebrates.

IMPACT OF TOURISM ON INDO-PACIFIC BOTTLENOSE DOLPHINS
(TURSIOPS ADUNCUS) IN MENAI BAY, ZANZIBAR

A. Englund

Igeldammsgatan 18, 112 49 Stockholm, Sweden

The aim of this study was to investigate whether adherence to guidelines would reduce negative impacts from
dolphin tourism on dolphin behaviour. The study was conducted in Menai Bay, Zanzibar, where commercial dolphin
tourism has been a growing industry since 1992. A research program was initiated in 1998, and behavioural changes
among the dolphins, which could be related to the tourist activities, were noted at an early stage. In November 1998,
a set of draft guidelines was produced and boat drivers were also briefed on how to responsibly approach and drive
their boats around the dolphins. However, little improvement in boat-driving behaviour has been observed since
then. In this study, observations were made from tourist boats engaged in dolphin watch and swim operations, as
well as from a research boat. Changes in group activity (resting, travelling, socialising and foraging) during boat
approaches and occurrences of stress related behaviours (leaps, tail-slaps and coughing) during 30-minute follows
were studied using scan sampling of groups. Approaches and follows, in which the guidelines were followed, were
compared with when they were violated. The results showed that the dolphins were more likely to change their group
activity during boat approaches when guidelines were violated. Furthermore, stress-related behaviours were
significantly more frequent during follows when guidelines were violated. This indicates that the behaviour of Indo-
Pacific bottlenose dolphins in Menai Bay is significantly affected by the dolphin tourism in its present form. The
adoption, implementation, and enforcement of suggested guidelines could be an important step towards a sustainable
development of the dolphin tourism in Menai Bay.
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HOW DO SATELLITE TAGS AFFECT HARBOUR PORPOISE
(PHOCOENA PHOCOENA) BEHAVIOUR?

B. M. Geertsen', J. Teilmann?, R. A. Kastelein’, H.N. J. Viemmix® and L. A. Miller'

! Syddansk Universitet, Odense, Campusvej 55, 5230 Odense M, Denmark
2 Enviromental Research Institute, Frederiksborgvej 399, 4000 Roskilde, Denmark
3 Research Department Dolfinarium Harderwijk, Sirandboulevard Oost 1 3841 AB Harderwijk, The Netherlands

Satellite-linked telemetry has successfully been used in monitoring the movements and diving behaviour of small
cetaceans in the open sea. It is, however, uncertain to what extent attachment of satellite transmitters affects the
behaviour of these animals. The aim of this study was to observe behavioural changes of a captive harbour porpoise
tagged with a satellite- and VHF transmitter. A mature female harbour porpoise was kept in an outdoor, floating pen
in a bay at Neeltje Jans, The Netherlands, during the study period (May 2000 — June 2000). A satellite dive recorder
was attached to the dorsal fin of the animal on the 16™ of May. The behaviour was observed for a short time every
day, and intensively in the beginning and end of the study period. The transmitter was removed after one month due
to skin problems. The behavioural data were collected using focal sampling by two different observers, and by
digital video monitoring. Diving data recorded by the transmitter were also analysed. Short term behavioural changes
were clearly observed. On the day of the tagging, the porpoise spent 51-62% more time at the surface, and the
frequency of “logging” increased 4-6 fold compared to the days before tagging. Furthermore, satellite dive recorder
data showed a change in dive patterns between the attachment day and the two following days. Long-term effects of
satellite transmitter attachment were not so evident. Diving behaviour showed no clear change, though the porpoise
had a tendency to dive deeper and longer in the last period of the study. This study suggests that significant changes
in short-term behaviour can be expected when observing small cetaceans tagged with satellite transmitters and,
therefore, such changes should be taken into account

SHARED FRIENDS OR SHARED RESOURCES? THE SOCIAL STRUCTURE OF
BOTTLENOSE DOLPHINS USING THE SHANNON ESTUARY, IRELAND

S.N. Ingram and E. Rogan

Department of Zoology and Animal Ecology, University College Cork, Ireland.

Many studies of resident bottlenose dolphin populations have revealed loosely associating fission-fusion
communities. This paper presents the findings of a twenty-five month study on the social structure of a population of
individually identified bottlenose dolphins using the Shannon estuary on the west coast of Ireland. This population
appears to be semi-resident with a seasonal migration into the estuary during the summer months. Photo-
identification of uniquely marked dolphins encountered during 45 standardised boat surveys provided data relating to
the association of these individuals with respect to school membership. Over 90% of all dolphins encountered were
found in schools rather than alone, with a median school size of 5 animals. In total, 17% of all possible dyads (pairs
of individuals) were observed with a mean simple ratio association index for dolphins sighted at least four times of
0.07. An association matrix derived from individuals sighted at least four times in fully photographed schools was
found to differ significantly from a random structure using an iterative permutation test. Associations were examined
with respect to age class and gender, and no evidence of sex segregation, single sex alliances or cohorts was found.
In common with studies of other populations, the bottlenose dolphins using the Shannon estuary can be considered to
consist of a single community of loosely associated individuals. The temporal changes in the abundance of dolphins
in the Shannon may preclude the development of a complex social structure. However, hierarchical cluster analysis
and principal co-ordinate analysis identified three assemblages of individuals within the Shannon population.
Harmonic mean transformation of the locations of encounters with members of these three assemblages revealed a
degree of habitat partitioning. The possibility that resource sharing rather than partner affiliations could be driving
the social behaviour of this population is discussed.
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BEHAVIOURAL AND HORMONAL CHANGES IN A FEMALE
HARBOUR PORPOISE (PHOCOENA PHOCOENA)

T. Jepsenl’z, G. Desportes’, B. Korsgaard:, U. Siebert’,
K. Anderson', and G. Sheppard'

! Fjord and Belt Centre, DK-5300 Kerteminde, Denmark,
2 Institute of Biology, University of Southern Denmark, 5230 Odense M, Denmark
? Research and Technology Centre Westcoast, University of Kiel, 25761 Germany

A male and a female harbour porpoise, 6-7 years old, have been kept since April 1997 in a semi-natural environment
at the Fjord and Belt Centre, Denmark. This offered a unique opportunity to investigate the sexual cycle of the
female in term of behaviour and hormonal changes. The present study covers the period March 2000 — February
2001. Plasma was collected 1-3 times a month and oestrogen and progesterone levels were analysed by ELISA.
Vaginal smears were collected 1-3 times a week, allowing in particular to confirm matings by looking at sperm
occurrence and concentration. Behavioural observations consisted of 2-3 hr sessions carried out in the evening afier
trainers and visitors had left. Behaviours were recorded by focal sampling as states and events on a workabout using
a behavioural study software. Duration or frequency was calculated relative to the time the female was visible. We
focus here on the changes over time of the duration of two states: grooming (touching bout, without erection) and
sexual activity (porpoises within two body lengths and erection), and the changes in frequency of one event: mating
attempt (the male has an erection and tries to mate). These changes are compared with the variation in sperm
abundance on smears and changes in oestrogen and progesterone levels. Grooming was observed during the whole
period, and peaked from mid-July to mid-August. Sexual activity was observed from March to November and
peaked from mid-July to mid-August. Sperm was observed in the vaginal smears from July to September.
Progesterone and oestrogen levels varied between <1-17 ng/ml and <0.1-1.8 ng/ml, respectively. Successful matings
appeared much more limited seasonally than the sexual activity of the male. Hormonal levels varied, but without
exhibiting a clear seasonal pattern. A detailed image of endocrine ovarian activity requires more frequent sampling.

TUNISIAN BALAENOPTERIDAE
N. Khalfallahl and A. El Abed

Institut National des Sciences et Technologies de la Mer, 28 Rue de 2 Mars 1934, 2025 Salammbé,. Tunisia

Since 1889, we have made a count of 34 balaenopterids that have stranded or were accidentally caught in fishing
gear in Tunisia. We found that the majority (27) of these cetaceans were found along the south-east coast near the
edge of the continental shelf where it widens and opens out to form the Oriental Basin of Mediterranean Sea. Three
species were certainly identified, there are fin whale Balaenoptera physalus, minke whale Balaenoptera
acutorostrata, and humpback whale Megaptera novaeangliae. Another species was tentatively identified as a sei
whale Balaenoptera borealis. These results suggest that these balaenopterid whales may be more frequent in the
southern Oriental Basin than is indicated in the Occidental literature.

75



BEHAVIOURAL REACTION OF BOTTLENOSE DOLPHINS TO BOAT ACTIVITY
C. Liret"?

! Laboratoire d'Etude des Mammiféres Marins, Océanopolis, B.P. 411, 29275 Brest cedex, France
2 Laboratoire de biologie animale, UFR Sciences et Techniques, B.P. 809, 29285 Brest cedex, France

The home range of coastal cetaceans often includes areas where human activities can be extensively developed. This
may lead to negative effects, in the short- or long-term, or induce positive reactions from animals. The coastal
bottlenose dolphin population of fle de Sein, France, mainly remains within a small area, that corresponds to the
harbour entrance. The animals mainly use this site in summer, when the sea traffic is at a maximum. There are two
categories of dolphin behavioural responses to the presence of boats: positive (approach) and negative (escape). A
third one is defined and corresponds to “no reaction”. A study of interactions between bottlenose dolphins and
human activities was conducted in summer 1996. The group was present at the harbour entrance for 20% of the
observation time. Of approximately 2,000 boat movements observed on this site, a quarter occurred in the presence
of dolphins. “No reaction” accounted for 78% of the situations observed. Due to the narrowness of the navigation
channel, we assessed the minimum distance between boats and the group to rarely exceed 200 metres. The dolphins
reacted positively according to the speed and movement of the boat. At speeds >2.5 m/s, the situation usually
observed was that a few individuals approached the boat to wave-ride. The interactions were short in time and
distance covered. The longest took place when the boat changed its route to approach the dolphins and remain close
to them. No negative reaction was observed during this study. The maritime traffic of ile de Sein could probably be
considered as marginal in terms of group disturbance. However, a considerable increase in the boat activity resulting
from the development of the Marine National Park may rapidly have a negative impact on the presence of bottlenose
dolphins in this area.

DIVING BEHAVIOUR AND LOCAL MOVEMENTS OF GRAY WHALES (ESCHRICHTIUS ROBUSTUS)
WITH CALVES IN SAN IGNACIO LAGOON, BAJA CALIFORNIA, MEXICO

S. Ludwig and B. Culik

Institut fuer Meereskunde, Marine Zoologie, Duesternbrooker Weg 20, 24105 Kiel, Germany

We investigated the diving behavior and local movements of female eastern Pacific gray whales (Eschrichtius
robustus) with calves in San Ignacio Lagoon, Baja California, Mexico, during the winter season of 1999 and 2000.
Multi-Sensor/VHF tags were attached via suction cups with magnesium release mechanisms set at four hours. Data
on depth, duration, tilt, temperature, and light intensity were recorded at 10-second intervals. In 1999, tags were
deployed successfully on eight occasions, recording a total of 14.5 hours of diving data. Three characteristic dive
type patterns were distinguished, long dives (>1 minute), short dives (<1 minute) and “clustered” dives, i.e. a long
dive followed by 1 to 4 short dives. 311 dives were recorded, 59% of these being long dives, and 23% clustered
dives. Overall mean dive duration was 2.16 min (max. 10.5 min). Maximum dive depth was 20.75 m. Two different
dive profiles were observed: V and U-shaped dives. Bouts of up to five extended U-shaped dives (up to 8.8 min
long) following each other were recorded. Three whales rested extensively hear the surface. Resting is an important
part of the dive characteristics of cow-calf pairs in the lagoon. In 2000, twenty-two VHF transmitters were
successfully deployed on female gray whales with calves, using a crossbow. Movements were noted for up to nine
successive days, including night movements. Cow-calf pairs used the whole lagoon area, moving extensively and
even periodically leaving the lagoon. Most animals preferred the middle and lower lagoon area, cows with older
calves preferring the lower lagoon zone. These data demonstrate extended periods up to 2 to 3 days outside the
lagoon, i.e. in the Bahia Ballenas (BB) region. It suggests that the BB area is important and should be included in the
conservation plan of the lagoon area.
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TESTING ASSOCIATION AND RESIDENCE PATTERNS
AMONG AGGREGATIONS OF FORAGING MINKE WHALES

E. M. Ned Lynas’, Ursula Tscherter' and Noreen Kelly”

"ORES Centre for Coastal Field Studies, PF 756, 4502 Solothurn, Switzerland.
28chool of Environmental & Natural Resource Sciences, Sir Sanford Fleming College,
Lindsay, ON, K9V SE6, Canada

INTRODUCTION North Atlantic minke whales are known to forage independently for the most part.
Nevertheless, individuals form mobile local aggregations across the season in prime feeding areas, some with annual
sighting histories >10 years. Information on these aggregations: composition, association patterns, distribution and
temporal specificity is a necessary part of any integrated coastal zone management plan (MPAs), including non-
lethal population estimators. Non-random associations lead to underestimates of abundance; temporary emigration
and short residence patterns lead to over-estimated abundance.

METHODS Monte-Carlo methods were used to test temporal-spatial associations among 55 individuals sighted
at least twice in two consecutive years (1999 and 2000), and 31 individuals sighted at least twice for the first time in
2000 against the hypothesis of random distribution on the feeding grounds at the head of the Laurentian Channel
(LCH), St. Lawrence Estuary. Individuals were recorded and identified daily, weather permitting (wind speeds <20
knots), using the DEM method of photo-identification (Tscherter and Lynas, submitted). If an individual was
identified at least once on day x during the season (June to September), it was considered to have been a resident on
that day. Based on the mean number of resident days for whales identified during 2000, we used a lower bound of
five (non-zero) combinations from each dyad for analysis (no. of net animals tested = 22 and 9, respectively). The
half-weight index (HWT) for association values was chosen and ten sets of 50 iterations were used to test the null
hypothesis. We also tested a subset of seven individuals which were recorded foraging primarily in a spatially
restricted area of the feeding grounds, using five sets of 50 iterations.

RESULTS We found no evidence of non-random association among temporal aggregations of minke whales
foraging in the LCH region. HWIs ranged from 0.034 to 0.152 and the overall Monte-Carlo p value = 0.78. The
Monte-Carlo p value for the spatial subset = 0.44. Mean seasonal residence time was five of a possible 75 days (SD
= 4.47; range = 1 (0.39) to 21; no. of individuals = 126), and was independent of whether animals had a sighting
history or were new to the area (2 x 10 contingency test, X° (0.05) = 18.31; p = 0.05; n = 118, df = 10). Twenty-six
percent of individuals were resident on one day only, and 90% on ten or fewer days. One-third of the whales were
resident on 2-4 days consecutively. Of those resident on ten or fewer days, 64 had been identified in previous years,
whilst 49 were newly identified in 2000. Ten percent were resident on eleven or more days across the season,
although not necessarily consecutively. All had first been identified prior to 2000.

DISCUSSION The finding of non-associative random aggregations of minke whales on the LCH feeding grounds
means it is unlikely that abundance models using capture-recapture methods based on natural or genetic markers
underestimate the population numbers. On the other hand, the degree of variability in residency patterns is such that
it is likely to result in un-equal capture probabilities (high heterogeneity) and overestimations of abundance, because
models treat individuals no longer resident in a survey area as though they were present but not captured. Similarly,
such a highly mobile population, with 26% exhibiting very short residence times (from several hours to a day),
presents problems for line-transect models of abundance. If whales move out of an area ahead of survey vessels, the
population will be underestimated. Alternatively, if the survey vessels are eclipsed by the same individuals along the
track line during darkness or heavy sea states, they will be recounted and the population will be overestimated. The
actual influence of these effects, and whether or not they would cancel each other out, remains to be investigated.
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THE BEHAVIOUR OF A GROUP OF STRIPED DOLPHINS STENELLA COERULEOLBA
LIVING IN A PORT FOR A WHILE

P. Mayol

Laboratoire de Biogéographie et Ecologie des Vetrébrés, Ecole Pratique des Hautes Etudes,
Université Montpellier II, case 94, Place Eugéne Bataillon, 30095 Montepllier cedex 5, France.

INTRODUCTION A group of seven striped dolphins Stenella coeruleoalba inhabited a port in the south of
France, from 24" September to 13" October, 2000. The animals set out again gradually but the two individuals
remaining changed behaviour and appeared increasingly apathetic and indolent.

Description of the Phenomenon On 24" September, 2000, a group of striped dolphins decided to inhabit the port
of the island of les Embiez (Var, France) and remained there for twenty days. These animals returned to sea in small
groups: two of them left the port during the night of 17" September, three others on 1™ October, and the last one on
the 4™ October. This last dolphin displayed pathological symptoms, and disappeared on 13" October. This study
investigates the behaviour of the last two dolphins (Z1 et 72), between 2™ October and 13" October. Z2 disappeared
on 4™ October, and was found dead on 9™ October. Its autopsy did not reveal any prey remains in the stomach

MATERIALS AND METHODS
Types of behaviour: During the day, observations were carried out every fifteen minutes, with naked eyes and
from the quay. During the night, this regularity was not respected. Three main behaviours were determined with

some subdivisions for each type (cf. Table 1):

Resting: - long: long semi-still periods at the surface (with almost no apnoea), individuals circling at a range of less
than one metre from each other, and swimming very slowly in the same direction and with synchronised movements;
- light: presence of apnoea, with no long periods of surfacing; swimming slightly faster.

Medium active behaviour: distance between individuals >1 m, swimming slowly on average, sometimes in different
directions. The movements are not synchronised any more, some possible discrete aerial displays.

Active Behaviour: - play and/or socialising: fast swimming, aerial displays
- hunting: diving, fast swimming, long apnoea
- concentrated hunting: diving, travel at a steady speed, aerial displays possible.

Changes in the behaviour of the last two individuals: First, the investigations showed some variation in the
behaviours displayed, and the locations occupied for different periods of the day. Those animals hunted particularly
in the evenings and during the night in the eastern part of the harbour and outside of it, and rested during the day in
the western part of the harbour. We also observed that generally as the day proceeded, the intensity of each type of
activity slackened. Thus, one can see that for the second time period of the day, in the Rest category, “Long rest”
changed from 14 to 0% (which could be interpreted as a reduction in the quality of rest of the animal). The last
animal, which remained alone, hunted with less energy than when with the group. One notes in the second time
period of the day, that for category AB, the subdivision Concentrated Hunt decreases by 14 to 0%. Moreover, the
foreign bodies found in the pre stomach of Z2 (roots and thizomes of Posidonies, branches and stems of shrubs,
pieces of plastic, and 30 cm of braided cord) indicated that Z1 consumed these intentionally. For the first time
period, it is the category Active Behaviour that generally decreased compared with the other two types of behaviour
(from 11 to 0%). The category Medium Active Behaviour appeared to increase: it represented neither resting nor
hunting but rather an intermediate lethargic state. Z1 tended to behave increasingly apathetically until the evening of
the day of its disappearance when we noticed a small new lease of energy.

A particular event that we noticed was that this animal would accept dead fish given by a human (which enabled one
to administer some medicine to it without any stress), and it allowed Eric Demay, a cameraman specialising on
dolphins, to take a fish hook from its gum (a three-pronged fork deeply planted in its gum, which prevented it closing
the mouth and consequently from hunting). The entire operation took almost 30 minutes during which the animal
allowed Eric to touch it, then placed even its beak on his hands. The extraction itself lasted ten seconds and the
dolphin allowed itself to be restrained without any struggle.
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DISCUSSION The decline in intensity of the activities and particularly in relation to hunting probably
led Z2 to stop eating anything. The material found in its stomach and the fish hook in the gum of Z1 showed clearly
how much human activities can be damaging for wild animals.

The interactions between the dolphins and man led us to ask us several questions particularly with regard to the
feeding and the responsibility for taking medical care of wild animals. Eric Demay has proposed to organise a
meeting with all the local marine users in order to establish a code of ethics for better management of such an event
in the future.

CONCLUSIONS The question of the cause of this event all the more deserves to be asked because this
seems to have been a unique case (nobody from the MARMAM list knew of a similar event with striped dolphins -
Gauthier Chapelle, pers.comm.). Of course, it is not excluded that such events have already occurred but remained
undetected. Nevertheless, the case of Les Embiez remains exceptional. Several assumptions would explain the
unusual appearance of a group of striped dolphins in a harbour:

As supposed by the local fishermen, the animals could have followed a fish school and found themselves captive in
the port because of something that affected their orientation or perception of the environment. They were observed
leaving the port at the end of each day but their home range was not known.

One or several of them were possibly subjected to disease before entering the port. As in the case of some mass
strandings, the entire group may have accompanied a sick individual into the harbour. Or it could be that it was the
prolonged stay in the port which made the last animals apathetic.

It should be noted that the shooting of mines was carried out not far from the island of Les Embiez (offshore of the
Cape Sicié) by the French Navy during the weekend prior to their appearance.

Also one should note that the animals present were probably young individuals, perhaps derived from a larger group,
since large aggregations of juveniles being frequent at that time.

Lastly, on several occasions and in various parts of the French coast, there have been cases of solitary bottlenose
dolphins Tursiops truncates taking up residence in an unusual place. In some cases, certain local conditions may
have discouraged them from leaving. It may be that such a phenomenon occurred in Les Embiez.

ACKNOWLEDGEMENTS I am grateful to Pierre Beaubrun for his scientific advice. Thanks also go to the

residents of Les Embiez Island who hosted me, the Paul Ricard Society, the Oceanographic Institute, and the harbour
master’s office of Saint Pierre les Embiez.
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Table 1. Development of the behaviour of the last two individuals

Period of the day Behaviour Z1 and 72 71 71
from 2 to 4 | from 5to 10-10 | from 11 to 13-10
10

Rest 60% 65% 62%
*long 37% 41% 24%
*light 23% 24% 33%

from 7h to 16h45 Medium 29% 27% 38%
Active 11% 8% 0%
*play/social. 6% 4% 0%
*hunting 2% 4% 0%
*hard hunting 3% 0% 0%
Rest 21% 30% 11%
*long 14% 11% 0%
*light 7% 19% 11%

from 17h to 6h45 Medium 44% 37% 55%
Active 35% 33% 34%
*play/social. 5% 2% 17%
*hunting 16% 29% 17%
*hard hunting 14% 2% 0%
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WHY AND WHEN THE SEXES SHOULD SEGREGATE
R. Michaud

Dept of Biology, Dalhousie University, Halifax, N.S., Canada

In this presentation, I examine a particular aspect of the social life of odontocetes: sexual segregation (SS). SS is
best defined as a behavioural pattern in which individuals segregate with others of their own sex outside of
defined breeding periods. Although SS is common among group-living mammals, it is still poorly understood.
Several hypotheses have been proposed to explain why and when the sexes segregate in ungulates. They invoke
sex differences in predator avoidance, forage selection, activity budget, social motives, as well as scramble
competition. I selected a few of the best-studied odontocete species as natural field tests for these hypotheses. As
most factors invoked are affected by body size, I made parallel sets of predictions for sexual size-dimorphic
species (SSDS) and non-sexual size-dimorphic species (NSSDS). SS patterns found among SSDS are more
pronounced than those observed in NSSDS. This finding is consistent with the activity budget hypothesis which
predicts that as body size differences increase, the costs of male-female activity synchronisation should increase
and hence lead to more pronounced SS. However, females from several species do not segregate according to
their reproductive condition despite additional costs associated with activity synchronisation. This suggests that
benefits from social philopatry can outweigh the costs imposed by differences in activity rhythms. Sex
differences in predation risk may also contribute to SS in several SSDS. Harbour porpoises, however, constitute
an interesting exception where females may trade off security to match the requirement of their exceptional
annual reproductive cycle. As was found in ungulates, predation risk and activity budget hypotheses best
explained SS in odontocetes. Social philopatry, however, plays a predominant role in odontocetes. This review
emphasises the need for increased understanding of the social lives of odontocetes and the value of comparative
approaches.

ANALYSIS OF THE SOCIAL STRUCTURE OF SHORT-FINNED PILOT WHALES
(GLOBICEPHALA MACRORHYNCHUS) LIVING OFF THE SOUTH-WEST COAST OF TENERIFE
USING PHOTOGRAPHIC DATA COLLECTED FROM WHALE-WATCHING VESSELS

D. Nussey', K. Lloyd?, S. Glock®, P. Leandro®, R. Godfrey’, and J. Baker®

'22 Lady Somerset Road, London NW5 1UP, UK
ZEvolutionary Psychology Research Group, School of Biological Sciences, University of Liverpool,
Liverpool, UK. °The Landing, Kemsing, Sevenoaks, Kent TN5 6TG, UK.
"Proyecro Ambiental Tenerife, c/o Calle Jose Antonio 13, Arafo, Tenerife, Canary Islands, Spain
°St Davids C. ottage, Summer Lane, Tyler Hill, Canterbury CT2 9NH, UK
SDurrell Institute of Conservation and Ecology, University of Kent, Canterbury, UK

In order to assess the population size and social structure of the short-finned pilot whales found off the coast of
Tenerife, trained “Proyecto Ambiental Tenerife” conservation volunteers took photographs of these cetaceans’
dorsal fins from whale-watching vessels operating from the island's southwest coast. Since very little recent
scientific information has been reported on this population, and given current pressure to create a marine
protected area around the south coast of Tenerife, the results of this research are particularly relevant. Between
July 1997 and November 2000, over 13,800 photographs were taken, and 290 different, highly distinctive
individuals were identified. 95 individuals were seen only once and therefore classed as "transient" animals and
removed from further analysis. Out of 1,222 sightings, mean sighting duration was 17 minutes and mean
estimated group size was 13 animals. The data were analysed using 'SocProg' (Whitehead, 1999) to test the null
hypothesis of random association between individuals, and to investigate temporal patterns of these associations.
Permutation testing showed that patterns of association between individuals were significantly different from
random. Lagged association rates indicate a population made up of groups that remain relatively stable over the
four-year study period. Whilst this study utilises recently developed mathematical techniques, it also supports
previous research suggesting that this pilot whale population comprises strongly associated resident groups,
along with transient animals. We argue that Tenerife's large whale-watching fleet should be seen not as a
potential threat to the population it depends on, but as a force supporting research, and promoting education and
conservation.
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INTERACTIONS BETWEEN KILLER WHALES (ORCINUS ORCA) AND THE RED TUNA
(THUNNUS THYNNUS) FISHERY IN THE STRAIT OF GIBRALTAR

N. Pérez Gimeno ', R. de Stephanis ', M. Fernandez-Casado'?, P. Gozalbes ', E. Poncelet’, and C. Guinet *'

ICIRCé Aptdo n®93, 11280 Algeciras, Cadiz, Spain (www..circe-asso.org )
2 Sociedad Espariola de Cetdceos, CINalon n°16 Hoyo del Manzanares, Madrid, Spain
3 1, allée des Oliviers, 06400 Cannes, France
4 CEBC-CNRS, 79 360 Villiers en Bois, France

INTRODUCTION Sightings of killer whales have been reported in the area of the Strait of Gibraltar for
more than 500 years. (Bayed and Beaubrun, 1987; Aloncle, 1964; Morcillo, pers. comm.). This area is also very
important for tuna fisheries. The red tuna migrates every year throughout the Strait of Gibraltar, entering the
Mediterranean Sea in spring to breed, and leaving the Mediterranean Sea in summer (Rodriguez 1964). For the
last 500 years, the traditional way of fishing red tuna has been the Almdraba (pound nets), where the killer
whales were interacting in the Strait and in close tuna fisheries areas (Morcillo, pers. comm.). This large, fast-
swimming fish species appears to be the main fish prey of killer whales in the area in spring and summer. In the
Jast decade, fishermen have been starting to use drop lines to catch the red tuna, and it is just this interaction that
is the topic of the study. This research project started in 1998 in the Strait of Gibraltar, using different whale-
watching boats.

METHODS During 1998, interviews with fishermen were carried out in order to know exactly where the
fishing boats were seeing the killer whales, and the possible interactions with them in the area of Tarifa. This
area was considered the "killer whales area” (Study area I in Fig. 1) in this study, and the only place where
whale- watching trips for orca were taking place. (Fig.1). In the summers of 1999 and 2000, 16 dedicated whale-
watching trips for killer whales were carried out, with one or two experienced observers onboard in the study
region. These trips had an average duration of 3:5 hrs and two different boats, of 7 and 9-m length, were used for
this purpose between 22" July and 20" August of both years. Data concerning number of individuals, social
structure, and general behaviour were recorded, and pictures of the dorsal fins were taken for identification
purposes in each of the sightings, although not all the animals were photographed in each sighting due to the
whale-watching conditions.

Observations regarding the depredation of tuna from the drop line by killer whales, as well as the reactions of the
fishermen, were also recorded. Furthermore, the number and type of fishing vessels observed around the group
of animals were also identified.

RESULTS 7,637 nm were sailed in the rest of the research area, (study area Il in Fig. 1). 1,084 sightings of
common dolphins (Delphinus delphis), striped dolphins (Stenella coeruleoalba), bottlenose dolphins (Tursiops
truncatus), long-finned pilot whales (Globicephala melas), sperm whales (Physeter macrocephalus), and fin
whales (Balaenoptera physalus) were recorded, but no killer whales were observed in this area. Killer whales
were only observed in what we call the "killer whale area” - study area I in Fig. 1.This area is centred 5 miles
north of Tangier, next to the sea mounts '"Monte Tartesos", ""Caiién de Bolonia" and "Cresta Kmara". In both
seasons of 1999 and 2000, of 16 killer whale dedicated whale-watching trips, 12 sightings of killer whales were
recorded in study area I. In 75% of the total sightings, an average of 8.62 (SD 0.769) individuals were recorded.
Eight individuals were identified. The sightings had a maximum of nine and a minimum of seven animals.
Photos of the animals' dorsal fin were taken in ten of the sightings, which were classified in three categories:
bad, good, and excellent, and only the 158 pictures included in the last two categories were taken into account
for photo-identification purposes. Eight of the killer whales were captured on film more than once during 1999
and 2000. The animals were observed during a total of 19 h. 11 min. The behaviours recorded were socialising -
for 36 min. (3.1%), and feeding - for 18 h. 35 min. (96.9%). Killer whales were always observed in the presence
of fishing boats, where the average abundance was 102 within a radius of 700-1000 m. Witnessed interactions
consisted of either removing the fish from the drop line hooks or biting the captured fish.

DISCUSSION

The group of killer whales

The data reveal the presence of a stable group of at least eight individual killer whales in the "killer whale area",
while the identification of a ninth needs confirmation. Although the trips were conducted only in a small part of
the Strait of Gibraltar, killer whales were not sighted in the remaining part of the study area. Other areas such as
the eastern and western part of the Strait and other seasons are not included in this work. The feeding behaviour
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observation, and the fact that no attack of killer whales upon other prey was observed, suggest that the main diet
during the summer period should be red tuna.

Interactions with Fisheries

According to the records, when the fish is being lifted, the killer whales try to steal or bite it. This competition for the
same resource (red tuna fish) is the main reason why so many interactions between killer whales and fisheries have
been described in the region for a long time. At certain times, it seems that fishermen really dislike these killer whale
attacks, and they can even throw stones over them, or try to scare them by riding the boat over them. On 26th July
2000, a sound like a shot being fired was recorded, but it was not possible to clarify if it was only to threaten the
animals or to hurt them. Beside this, the fast development of the whale-watching platforms in the area (5 to 6 boats
are expected in summer 2001) (Urquiola and de Stephanis, 2001), the presence of some research vessels (3 boats are
expected in summer 2001), the interests for the mass media (local and international TV channels), and the local
political problems regarding the fishing international agreements could create management problems between these
sectors and the fishing community, and could interfere with this killer whale group.

CONCLUSIONS In the summers of 1999 and 2000, a group of eight animals at least regularly took
advantage of the presence of a drop line fishery west to the Strait of Gibraltar, to obtain easy food by stealing hooked
fishes. This group has probably specialised in this feeding strategy. Clear interactions between fishing boats and
killer whales exist in the area during the summer. These interactions and the depletion of the red tuna stocks due to
over-fishing is likely to result in negative impacts on both killer whales and fishermen in this area. Management
procedures should be developed, to preserve killer whales and the interests of fishermen.
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BEHAVIOUR OF FREE-RANGING WHITE-BEAKED DOLPHINS IN ICELANDIC WATERS

Marianne H. Rasmussen

Centre for Sound Communication, Odense University (SDU), Campusvej 55,5230 Odense M, Denmark

INTRODUCTION White-beaked dolphins, (Lagenorhynchus albirostris) are only found in North Atlantic
waters and they can be observed close to shore in Icelandic waters.

The purpose of this study was to describe the daily behaviour of white-beaked dolphins.

MATERIALS AND METHODS The behaviour of white-beaked dolphins was studied from a whale-watching
vessel from about 09:00 h to 24:00 h in 190 observation-periods during the summers of 1998, 1999, and 2000. The
day was divided into “morning” (09.00-11.30), “noon” (1 1.30-13.30), “afternoon” (13.30-17.30), and “evening”
(17.30-24.00). The study area was the south-eastern part of Iceland around Reykjanes Peninsula and mainly Faxafloi
Bay (see Fig. 1).

Behaviour was categorised as resting or swimming slowly, travelling, feeding, and socialising. Dolphins swimming
fast in one direction were categorised as travelling. Feeding dolphins were often showing surface activity. We
observed fish on the fish-finder when passing an area with feeding dolphins. Group size was noted, as well as any
correlation between behaviour and group size.

RESULTS A significant difference in behaviour during a day was found (chi®, p<0.05). White-beaked
dolphins fed throughout the day, but they were most likely seen travelling around noon. Socialising, which is
characterised by a variety of jumps, was most prominent in late afternoon and evening (see Fig. 2).

White-beaked dolphins feed on sandeels, (dmmodytes sp.) during the summer months. Sandeels bury themselves at
night and feed during the day. This correlates with the feeding behaviour of white-beaked dolphins during the day. A
similar correlation is found for Atlantic white-sided dolphins, (Lagenorhynchus acutus) in the Great South Channel
(Gowans and Whitehead, 1995).

Group size was also correlated with behaviour (see Fig. 3) and a significant difference was found (Kruskal Wallis,
p<0.05). A small group size was observed when white-beaked dolphins were travelling (2-5 individuals); a larger
group size when they were feeding (10-15 individuals); and finally the largest group size was observed when they
were socialising (30—100 individuals).

Additionally, newbom calves were observed in May or early June. Mating was observed in late July and August.

DISCUSSION White-beaked dolphins exhibit a daily variation in behaviour, which also has been found for
other species like the bottlenose dolphin (Shane, 1990). In that study, bottlenose dolphins fed in the morning and late
afternoon; travelling was most common in the afternoon; and socialising was most common in the evening. A similar
pattern was found for the behaviour of white-beaked dolphins (Fig. 2).

A larger group size was observed when white-beaked dolphins were socialising and a small group size, when they
were travelling (Fig. 3). The same is found for the bottlenose dolphins (Shane, 1990).

CONCLUSIONS White-beaked dolphins show daily variations in their behaviour, travelling mostly at noon
and socialising mostly in the afternoon. Group size was correlated with behaviour with the largest groups observed
during socialising. Similar patterns of behaviour and group size have also been described for the bottlenose dolphin
(Shane, 1990).

ACKNOWLEDGEMENTS This study was supported by the Danish National Research F oundation. Special
thanks go to Dolphin and Whale spotting in Keflavik, and to Helga Ingimundardottir for her hospitality. The studies
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THE DEFINITION OF BEHAVIOURAL CATEGORIES IN MEDITERRANEAN FIN WHALES
(BALAENOPTERA PHYSALUS) ON THE BASIS OF SWIMMING - SURFACING PARAMETERS

Francesco Ricciardi, Maddalena Jahoda, Arianna Azzellino and Carla Almirante

Tethys Research Institute, Viale G.B. Gadio 2, 20121 Milan, Italy

INTRODUCTION The Corsican-Ligurian-Provencal Basin has been recently declared an International
Marine Sanctuary for Cetaceans. For this reason, a better knowledge of every aspect of the biology and the behaviour
of the marine mammals living in the Ligurian Sanctuary is the baseline for every conservation measure. It is well
known that fin whales concentrate in this area during summer. The fin whale is the most common mysticete
inhabiting the Mediterranean Sea. The population size, during the summer, is estimated at 3,500 individuals in the
western region and many authors agree on the fact (see, for example, Relini et al., 1992; Forcada et al., 1995) that
the Sanctuary is probably the primary feeding ground for the Mediterranean fin whales. Since these animals forage in
the water column, their behaviour is inconspicuous to a surface-based observer. The aim of this study was to define,
by means of a passive tracking technique, some behavioural categories on the basis of swimming-respiratory
patterns.

MATERIALS AND METHODS Research cruises have been conducted during the summer period from 1995
to 2000 aboard a 18-m long sailing vessel. The study area stretched between the Western Ligurian coast and the
North-Western Corsican coast. The PASSIVE TRACKING technique we adopted was based on the use of a laser
range-finder (LEICA Vector DAES 1500 Laser Class I, 7x42), also equipped with a magnetic compass, and
interfaced with a GPS (Lafortuna et al., 1998). A dedicated software (Highwhale) has been used to link the boat
position to the whale bearing and range, obtaining the real position of the whale and the track of the animal. The
respiratory activity has been simultaneously determined using an event-recorder (Psion Organiser II) (Jahoda et al.,
1993). The software has been used also to calculate four variables relating to respiration, five to the dive cycle, and
six to locomotion. Multivariate statistics - Principal Component Analysis (PCA) and Correspondence Analysis (CA),
have been used respectively for the selection of variables and categorisation of behaviours.

RESULTS Thirty-four samples have been collected from 1995 to 2000, for a total of 34 h 35 min. of
observation. We considered only "undisturbed" whales, i.e. no other boat was present during the behavioural
sampling and our boat remained still or slow moving at a distance of about 100-150 m from the animals. The
breathing activity of a whale is characterised by a prolonged underwater period (Dive) followed by a surface phase
(Surfacing). The "log-survivorship" function (Fagen and Young, 1978) has been used to distinguish these two
phases; with such a method, a cut-off value of 26 secs was found, so we defined as a Dive a blow interval exceeding
26 sec., whilst Surfacing was the sum of blow intervals not exceeding this value. The PCA (Principal Component
Analysis) (Fig.1) has been used to reduce the set of swimming-respiratory parameters employed in the statistical
classification of behavioural activities. Parameters selected by means of PCA were Dive Time, Surface Time,
Surface velocity and Diagonal of the covered area. Dive Time and Surface Time were respectively the means of the
dive and surface phases; Surface velocity was the whale speed during the surface phase; Diagonal was the length of
the diagonal of the area covered from the whale during the sampling period, normalised for the duration of the
observation.

The formula used for the calculation of the Diagonal parameter is:
Diagonal: Sqr((max lat. - min lat.)? + (max long. -min long.)* )/TF
TF= sampling duration (sec)

The CA (Correspondence Analysis) (Fig. 2) was used to outline homogeneous groups of samples with similar
characteristics. Groups resulting from the CA were associated to different behavioural categories such as: 1- DIVE,
2- TRAVEL, 3- DIVE-TRAVEL and 4- MILLING-REST. Fig. 3 shows the mean values per behavioural category
normalised by the global mean. From such a histogram, the differences among categories appear evident. In fact,
DIVE is characterised by dive duration significantly higher than the other categories (ANOVA: F=4.76; p<0.05);
TRAVEL presents higher values (ANOVA: F =4.76; p<0.01) for the Diagonal; DIVE-TRAVEL is in between the
first two categories, and MILLING-REST has significantly higher Surfacing values (ANOVA: F=3.74; p<0.05).
Diving data collected by a v-TDR have been coupled, where possible, with the passive tracking data, allowing a 3D
representation of the fin whale’s movements. Three paired samples were available. TDR data confirmed the CA
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behavioural categorisation. An example of the 3D graph is presented in Fig. 4; in this case, the TDR-profile confirms
the DIVE category assumption.

CONCLUSIONS On the basis of passive tracking four behavioral categories have been defined: a DIVE
category, associated to a feeding activity; a DIVE-TRAVEL, a half-way between DIVE and TRAVEL, possibly
related to a foraging; a TRAVEL and a MILLING-REST categories, whose interpretations are intuitive. Our results
allowed to define a preliminary Time Budget of Ligurian fin whales during the summer season: 41% of the time is
dedicated to foraging (DIVE-TRAVEL); 32% to feeding (DIVE); 21% to a MILLING-REST; 6% to TRAVEL (Fig.
5). This evidence highlights the need for protective measures against the potential disturbance sources in the
Ligurian Sanctuary where these animals have probably their most important feeding ground.
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EFFECTS OF DISTURBANCE ON DAILY RHYTHM AND HAUL-OUT BEHAVIOUR IN
HARBOUR SEALS (PHOCA VITULINA) IN THE TIDAL ESTUARY OF DOLLARD
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INTRODUCTION This research has been done for the Seal Rehabilitation and Research Centre of
Pieterburen. The seal population of Dollard was chosen because a high percentage of seals under one week of age
and even premature ones with very low weight being observed at the Seal Rehabilitation & Research Centre
Pieterburen came from this population.

Seal pups in difficulties recovered from the Dollard represent 4.8% of the population, while ones coming from other
localities do not exceed 1.4% (Table 1).

The average weight of the pup seals coming from the Dollard was 8.9 kg while the average weight of all the pups
received at the S.R.R.C. was 10.1 kg (Table 2). This suggests that in the Dollard population, there were more young
seals abandoned by their mothers than in other areas, and that nutrition for those animals was scarce.

In this study, we analyse the responsibility of disturbance caused by coastal navigation on a breeding colony of
common seals (Phoca vitulina).

METHODS AND STUDY AREA Dollard is the tidal estuary of the Ems River on the boundary between
Germany and the Netherlands. When this study was made, ¢. 100 common seals (Phoca vitulina) were counted by
plane in the Dollard area. The study area is a protected zone where sailing is not allowed from 15" May to 1*
September, except for local fishing boats, the Coastguard, the Rijkswaterstaat boats, and the Agriculture, Nature
Management and Fishery Ministry boats. This study has been made by the direct observation of seals on the
sandbanks, and the seals were not marked for this research. We never disturbed the seals to obtain information, but
we recorded all forms of disturbance.

The area was completely submerged during high tide, while the sandbanks emerged for about 8-9 hours per low tide
period. Observations took place during low tide periods, from five hours before until three hours after high tide, but
only during daylight. Observations took place between 5" August and 21 September, 1993. From the observation
point, three sandbanks were visible, on which we identified seven haul-out sites marked with letters of the alphabet
(see Fig.1).

RESULTS Seal frequency on the sandbanks. The average daily peak of seal numbers was 59 at the end of
the nursing period and the beginning of the mating season. This was followed by a slow and gradual decrease in seal
number on the sandbanks, with an average of 32 individuals in September (Fig. 2).

At site A, there were seals every day and pups were born. On this site there was a larger number of seals of all age
classes. At sites C/D, there were seals of almost the same size, and a pup was seen only once on 23" September.

When the sandbank was completely underwater, the group did not abandon the area immediately but swam around
the submerged sandbank.

The average number of seals during low tide periods without disturbance was almost constant (Fig. 3), peaking 2-3
hours after low tide, while, when disturbance occurred, it decreased soon after low tide (i.e. when the boats entered
the area).

The relationship between numbers of seals observed and daylight hours is shown in Fig. 4, in which we noted a
constant increase in the numbers of seals hauling out from an average of 40 individuals at 06:00 h to about 60 at
20:30 h.

Movements. All the seals hauled out at A rested during the entire period of low tide. On the other hand, the seals
hauled out at C or D did not spend the entire low tide period in those sites. During the central part of low tide, those
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seals moved towards the external part of the area (E) and returned before high tide. Seals hauled out at F and G only
during times of disturbance.

Disturbance. We considered fishing boat disturbance, because other kinds of boat were not allowed to enter the
study area. Fishing boat disturbance was quite frequent (one on three low tide periods) and homogeneous (same size
of boat and same activities).

The seals could hear the fishing boats already at a distance of almost 1 km, when the boats had just entered the
protected area. This distance might change depending on the direction of the wind and the biological period of the
seals. Soon after the seals noticed the boat, they were more alert but without moving until the boat reached a distance
of about 20 metres, when the seals moved towards the water, entering it when the boat approached the haul-out site.

The percentage of seals leaving the sand bank because of a boat decreased from about 100% in August to 50% in
September. In August, 75%, of the seals leaving the sand bank, did not return at all during the same low tide period,
while in September, almost all the seals that escaped into the water, hauled out soon after the boat had passed (Fig.
5).

Female seals appeared to be more sensitive than large males, whilst the pups persisted in following the females into
the water even afier weaning.

DISCUSSION AND CONCLUSIONS During the summer, common seal (Phoca vitulina) haul out in the study
area every day during low tide. The majority of seals frequent site A. Sites C and D apparently showed age
segregation, in accordance with the findings of Kovacs et al. (1990).

The seals which hauled out at site A spent all the low tide period on the same sandbank, while those which hauled
out at C or D made cyclic movements with the flood tide, from the interior site to the outer one and then back again,
These movements always took place in the same direction as the stream. A peak in the number of seals at each low
tide period occurred towards its end.

The average number of hauled-out seals in the various daylight hours shows a maximum in the evening, as was
found by many authors (Kovacs ef al., 1990; Stewart, 1984). In particular, Walker and Bowen (1993) noticed an
increase of 48% in the evening, whilst in this study, the equivalent increase was 33%.

We consider as disturbance occasions when the seals simultaneously enter the water. According to Brader (1975),
more than half of the observed cases of disturbance caused by fishing boats were strong ones, and Doornbos (1980)
considered boats to be the major cause of moderate and strong disturbance; in our study, it varies from moderate to
strong according to the time of the year.

We confirmed that females more readily moved after disturbance than large males, as Newby (1973), Van Wieren
(1981), and Doombos (1980).

We agree with Van Wieren (1981) that strong disturbance can have direct negative effects on weaning of pups, with
the possibility for a mother to lose her pup before it is weaned, and indirectly with interference in lactation and
consequent under-feeding.

Seals remain on the sand bank for about eight hours every low tide period, of which about five hours is before the
tide turns, and three hours after it. Common seal pups are unable to suckle in the water until they are 8-14 days old
(Wipper 1975), so the longer they can stay on dry land, the longer they can suckle. Boats entering the area soon after
low tide cause the seals to escape into the water, and the pups to lose three hours on the bank out of the eight every
time they are disturbed. The disturbance occurred once every three low tide periods, which means about one hour
every low tide period, or 12.5% of the time necessary for suckling.

We conclude that disturbance has greater consequences during the suckling period. Under-feeding of young seals
seems not to depend on shortage of food in this area, but on shortness of lactation due to boat disturbance. An
underfed pup cannot develop a fat layer and will get into a poorer condition and thus can be exposed to disease. Seals
need undisturbed places where they can haul out and suckle their pups in order to keep the populations healthy.
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Provenience

1 Ameland 0,16%
2 Schiermonnikoog 0,22%
3 Rottumeroog ~ Rottumerplaat 1,18%
4 Eemshaven 1,44%
5 Doliard 4,83%

Table 1. Percent of pups recovered at SRRC in relation with each population size coming from 5 areas along the Dutch
coasts.

90 271 922 93 94 95 9% 9 98
Ameland 1225 | 8.7 13 11.5 | 10.65 - 10 9.6 11.5 10.9
Schiermon. 7.2 9.3 10.66 | 10.15 | 1035 | 8.6 11.6 9.9 - 9.8
R’plaat 12.25 | 11.25 | 11.27 9 10.5 9.3 9 104 | 12.07 | 10.6
Eemshaven - 8.1 1282 | 9.2 9.87 | 10.05 - 12 9.9 10.3
Dollard 83 9.3 - 8 - 8.4 10.4 9.4 8.8 8.9

Table 2. Weight and averages of pups (younger than one week) recovered at SRRC coming from 5 areas along the
Dutch coasts from 1990 till 1998.

Figure 1. the study area with haulout sites
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SATELLITE- AND RADIO-TRACKING STUDY OF MOVEMENTS OF KILLER WHALES
IN THE WINTERING GROUNDS OF HERRING IN NORWAY

T. Simila’, J.C. Holst', N. @ien', and B. Hanson®

! Institute of Marine Research, P.O.Box 1870 Nordnes, 5817 Bergen, Norway
2 National Marine Mammal Laboratory, 7600 Sand Point Way NE,Seattle, WA 98115, USA

Two young female killer whales (Orcinus orca) were equipped with satellite linked time-depth recorders and VHF
tags in early December 2000 in the wintering grounds of Norwegian spring spawning herring (Clupea harengus).
The aim of the project is to study home range, seasonal movements and diving behaviour of killer whales, focusing
on interactions between herring and killer whales. This presentation describes the results from December-January.

Before tagging, the whales were captured using the method developed for live-capture of killer whales in Iceland.
Whale 1 belongs to the NC-pod, which has been regularly sighted in the wintering grounds since 1983. Whale 2
belongs to the NY 14 pod, which has been sighted only five times. Position data was received from whale 1 for a 50-
day period and from whale 2 for a 21-day period. However, diving data continued to be transmitted, indicating that
the tags were still attached. Both whales were VHF tracked a month after tagging to ensure that the tags were
attached properly and the behaviour of the whales normal.

Photo-identification studies had indicated that killer whales were stationary in the wintering grounds of herring from
October to January. However, the satellite tracking data shows that both pods undertook extensive migrations to and
from the area in December. The longest migration was performed by whale 1 which moved 700 km south of the
wintering grounds where she stayed for a minimum of three days before returning. The herring stock remained in the
wintering area until mid-January when the southward spawning migration commenced. Whale | was moving out of
the fjord at this time. The study is the first one to use satellite tags in studying killer whales and the results show that
this method can bring significant insight into our knowledge of their area use and home range.
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PREGNANCY IN BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS):
BEHAVIOURAL AND RESPIRATORY ASPECTS

R. Tizzi" >, M. Gabaldo?, and D. S. Pace’

! Delfinario Rimini, Lungomare Tintori 2, 47900 Rimini, Italy (raftizzi@tin.it)
’Dip. Biologia Evoluzionistica Sperimentale, Universita degli Studi di Bologna, 40131 Bologna, Italy
SOCEANOMARE, Via delle Gondole 109, 00121 Roma, Italy (dpace@telethon.it; oceanomare@capohorn.com)

INTRODUCTION Since 1995, a behavioural research programme on pregnancy and mother-calf
relationships in bottlenose dolphins has been conducted in the Rimini Dolphinarium, Italy.

Given that detailed quantitative behavioural aspects of gestation and parturition in dolphins have been rarely
described in reproductive reports, the objective of this study was to systematically investigate behavioural patterns
and respiratory activity during the last quarter of pregnancy, in order to assess specific trends while approaching
parturition.

METHODS Subject of the study was “BETA”, a pregnant female bottlenose dolphin (Tursiops truncatus), 16
years old, who gave birth to her first calf in the Rimini Dolphinarium on June 26", 1997. She was housed in the same
pool with two other wild adults (a male and a female), and two captive-born calves (a male and a female).

A specific ethogram including 52 different displays organised into five main categories (Locomotion & Postural,
Social, Play, Aerial Behaviour, and Bubbles) was first set up and then used for the data collection. Focal animal
(Altmann, 1974) sessions lasting 30 minutes were carried out to systematically monitor the patterns during the last
quarter of gestation. Total and weekly frequency and duration were scored by means of a video camera and Observer
3.0 software. Respiratory rates [“Dive times” and “Roll intervals” as defined by Watson and Gaskin (1983)] were
also collected during dedicated sessions lasting 15 minutes each. Both behavioural and respiratory observations were
randomised among 3-hr periods and balanced for equal representation within a week and at different times of the day
(observational phase: from 08:00 h to 20:00 h). Data were analysed by mixed-model factorial ANOVA.

RESULTS AND DISCUSSION A total number of 92 h of behavioural observations (corresponding to 184
sessions) and 24 h of respiratory monitoring activity (corresponding to 96 sessions) were performed over the study
period.

“Locomotion & Postural” patterns were the most commeon activities seen, both in frequency (81.6%) and duration
(97.3%) (Fig. 1). “Social” displays were also well represented (frequency=10.7%; duration=2.5%) as well as
“Bubbles” (frequency=6.6%). As for weekly trends in behavioural categories (Fig. 2), significant variation within
“Social” (F=3,10; df=11; p<0.0001) and “Bubbles” (F=2,80; df=11; p<0.0057) groups were seen, both showing a
steady decline during the last four weeks of pregnancy. According to McBride and Kriztler (1951), this result could
be related to the tendency of the pregnant female to withdraw from associating with other animals as birth
approaches.

The total frequency and duration of behavioural displays are presented in Table 1. Among “Locomotion & Postural”
category, “normal swim” display was strongly exhibited by the subject (total duration >70%) as a possible result of
her segregation during the last four weeks of pregnancy (see Fig. 1). However, the isolation showed by BETA did
not exclude the manifestation of some remarkable “Social” displays such as “contact”, “chase” and “body slam”. As
reported by Kinoshita et al. (1999) and Joseph et al. (1999), these behavioural aspects are typically displayed in
nervousness and discomfort contexts related to gestation. Furthermore, the last week of pregnancy was characterised
by an expected and impressive increase of “flexion” and “ventral arch”, confirming both the stressed state of the
female and the approach of parturition (Tavolga and Essapian, 1957; Krames and Krames, 1996). Finally, as already
reported by Kinoshita et al. (1999), our data confirmed that aerial behaviours such as “breaching” were clearly
related to birth given its peak frequency a few days before parturition.

As for weekly trends in respiratory activity (Fig. 3), the subject showed clear changes in respiratory rates (F=1,70;
df=9; p<0.0001), with plateau values increasing from 26-28 secs up to 33-35 secs during the last three weeks before
birth. This result seems to be similar to what described by Joseph ef al. (1999), even if they only reported a general
quantity of “irregular breathing” related to parturition.
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The high mean values exhibited during the last three weeks before parturition appeared to be connected with the
slow “normal swim” activity seen. In fact, the female appears to conserve energy in her movements in order to
maintain both cardiac and respiratory rhythms similar to the levels recorded during rest (see Williams et al., 1992 for
details).

CONCLUSIONS It is well known that the great majority of bottlenose dolphin pregnancies fail to produce a
live calf (Van Bonn, 1999). Moreover, since captive studies on pregnancy appear to be mainly focused upon both
physiological and veterinarian reports, a better understanding of the behavioural aspects of gestation - as those
described in this study - could possibly benefit from a multidisciplinary approach addressed to find out the highest
risks of loss of births.

Finally, learning about specific periods of the pregnancy could improve our knowledge on the reproductive
behaviour of dolphin females, as well as mother-calf interactions, which are crucial to develop useful models of
social evolution, socio-ecology, social behaviour, or population dynamics (Whitehead and Mann, 2000).
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Table 1. Behavioural Displays - Total Frequency and Duration

FREQUENCY DURATION
DEFINITION AND REFERENCE % total % intra- | % total % intra-
ethogram | category ethogram category |
LOCOMOTION & POSTURAL 81.6% 100% 97.3% 100%
Swim normal posturc (Renjun ef al., 1994) 322 39.5 72.7 74.8
Swim open mouth (Martinez and Klinghammer, 1995) 8.1 9.9 - -
Pool rub (Herzing, 1996) 7.4 9.1 42 4.3
Rest (Renjun ef al., 1994) 6.3 7.7 54 5.6
Swim side (Nelson and Lien, 1994) 5.3 6.5 24 2.5
Exploratory behaviour (Herzing, 1996) 3.8 4.7 2.5 2.6
Swim random (Sobel el al., 1994) 3.1 3.8 4.2 4.3
Porthole stand (Tizzi, 1995) 23 2.8 24 24
Swim belly-up (Shane, 1990) 1.8 2.2 14 1.4
Shaking flipper (von Streit and von Fersen, 1996) 1.5 1.8 B -
Roll (Renjun, 1994) 1.4 1.7 - -
Lying (Herzing, 1996) 1.4 1.7 1.3 1.3
Approach (Herzing, 1996) 1.4 1.7 - -
Somersault (Anonymous at Monkey Mia, Australia 1995) 1.2 1.5 - -
Vertical stand (Herzing, 1996) 1.1 1.3 0.8 0.8
Flex (Tavolga and Essapian, 1957) 0.8 0.9 - -
Loop (Martinez and Klinghammer, 1995) 0.7 0.8 - -
Ventral arch (von Streit and von Fersen, 1996) 0.7 0.8 - -
Head jerk (Herzing, 1996) 0.6 0.8 - -
Spy hop (Shane, 1990) 0.4 0.6 . -
Dorsal arch (von Streit and von Fersen, 1996) 0.1 0.2 - -
Stop (Anonymous at Monkey Mia, Austiralia 1995) 0 0 - -
Jerk (Nelson and Lien, 1994) 0 0 - -
Fluke out (Norris et al., 1994) 0 0 - -
SOCIAL - 10.7% 100% 2.5% 100%
Contact (Nelson and Lien, 1994) 4.7 43.9 - -
Chase (Saayman et al., 1973) 1.2 11.3 1.0 416
Body slam (Anonymous at Monkey Mia, Australia 1995) 1.2 11.3 - -
Rubbing (Tavolga and Essapian, 1957) 1.0 9.3 - -
Tail hit (Anonymous at Monkey Mia, Australia 1995) 0.7 6.5 - -
Bonding (Anonymous at Monkey Mia, Australia 1995) 0.7 6.5 1.1 425
Rostrum hit (Anonymous at Monkey Mia, Australia 1995) 0.2 1.9 B -
Push (Pilleri, 1986) 0.2 1.9 0.2 9.8
Directed open mouth (Herzing, 1996) 0.2 1.9 0.2 6.1
Bite (Saayman et al., 1973) 0.2 1.9 - -
Tail slap (Shane, 1990) 0.1 0.9 - B
Nibbling (von Streit and von Fersen, 1996) 0.1 0.9 - -
Jaw clap (Tavolga and Essapian, 1957) 0.1 0.9 - -
Squeeze (Anonymous at Monkey Mia, Australia 1995) 0.1 0.9 - -
Flipper slap (Shane, 1990) 0 0 - -
Belly presentation (Saayman et al., 1973) 0 0 - -
Homosexual behavior (Renjun, 1994) 0 0 0 0
Attempting mate (Anonymous at Monkey Mia, Australia 1995) 0 0 0 0
PLAY 0.2% 100% 0.2% 100%
Play with objects (Renjun, 1994) 0.2% 100% 0.2% 100%
AERIAL BEHAVIOUR 0.9% 100% - -
Breacking (Pilleri, 1986) 0.5 55.6 - -
Leap (Shane, 1990) 0.3 333 - -
Slap (Martinez and Klinghammer, 1995) 0.1 11.1 - -
BUBBLES 6.6% 100% 0% 100%
Bubble (von Streit and von Fersen, 1996) 4.0 60.7 - -
Bubble stream (Anonymous at Monkey Mia, Australia 1995) 2.1 31.8 - -
Torus (Herzing, 1996) 0.5 7.6 - -
Bubble interest (Pace, 2000) 0 0 0 0
Bubble contact (Pace, 2000) 0 0 0 0
Tail-made bubble ring (Pace, 2000) 0 0 - =
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A CASE OF OPPORTUNISTIC FEEDING: BOTTLENOSE DOLPHIN, TURSIOPS TRUNCATUS,
INTERFERENCE WITH THE EUROPEAN ANCHOVY, ENGRAUILIS ENCRASICOLUS,
FISHING IN THE GULF OF CATANIA (IONIAN SEA)

L. M. Tringalil, G. Caltavuturo', and V. Puzzolo®

! 4ss. Scientifica KETOS, Viale Mario Rapisardi 210, 95100 Catania, Italy
’D.A.C.P.A. Plant Biology and Ecology Sezione, University of Catania, Italy

INTRODUCTION The interference of dolphins to fishing is a serious problem, not only to safeguard the
dolphins but also for the damage that they do to fishing-nets. Several times in the Gulf of Catania, fishermen were
observed using hand—made bombs to drive away bottlenose dolphins from typical small gilinets called “menaide”.
The bottlenose dolphins take advantage of this artisanal fishery to feed on anchovies and, in the process, cause

damage the fishing-nets.

This gillnet type is used to fish for sardine, anchovies, mackerel, bogues, etc., and it has different type of mesh to
catch a particular type of fish. Its shape is rectangular with a length of c. 360 m. and a height of ¢. 25 m. (Fig. 1). The
net is cast and left to drift closer to the fishermen for about 20-40 minutes.

MATERIALS AND METHODS The study area, roughly 95 km? is situated in the Gulf of Catania and
170 surveys were carried out from October 1997 to October 2000. The surveys were equally distributed in all months
each year and were carried out using fishing-boats as an observation platform. An outboard-powered inflatable was
used to get near the animals for photo-identification. The fishing-boats and the animal positions were taken at regular
intervals using a GPS-38 Garmin.

Field procedures, largely inspired by Shane (1990 a, b) were designed to describe the observed behaviours of local
bottlenose dolphins and to collect consistent information during long-lasting observation sessions at sea. All the
pictures were taken with a 35 mm F90X using a 80-200 mm ID/f 2.8; 300 mm f 4.5 lenses.

The predominant behavioural activities of the focal group were continuously observed and recorded at 5-min
intervals. All the data collected were analysed using GIS techniques to produce seasonal interference maps and to
evaluate the bottlenose dolphin distribution in the study area in relation to this type of fishery.

RESULTS During 70 surveys, single groups of 2-3 bottlenose dolphins were usually sighted with a maximum
of eight individuals. This resident group had been photo-identified and studied since 1996.

Small groups of bottlenose dolphins were sighted several times near the port of Catania, shortly before the fishing-
boats left harbour. It appeared that they were waiting to follow the fishing boats because they were afterwards
sighted near the gill-nets cast by the fishermen (Fig. 2). The fact that the dolphins fed on the entrapped fish was
confirmed by the torn nets that were observed after the sightings.

Opportunistic feeding behaviour showed a constant annual trend with peaks in activity during the spring-summer
period (Fig. 3). This trend is correlated to the large fishing activity that occurs during this period and has the effect of
reducing the availability of fish. For this reason, the greater fishing effort of handicraft fishing units (autumn-winter
and spring-summer periods) coincides with the greater presence of bottlenose dolphin only for the months of April

and June.

The anchovy is a gregarious fish that forms very large flocks that approach the coasts in spring and in summer. This
behaviour was studied in the Gulf of Catania by Dulzetto (1940) and by Tortonese (1967c¢), and it was connected to
the plankton richness during these periods of the year.

CONCLUSIONS The data collected during this study showed that sightings of bottlenose dolphins are more
frequent during fishing activities. Bottlenose dolphins take advantage of the anchovy fishery for feeding, and in the
process, damage the typical small drift nets using the study area.

The presence of fishing boats in the Gulf of Catania appeared to influence the foraging strategy of the dolphins. In
fact, the observed opportunistic behaviour in association with fisheries is perhaps best exemplified by feeding.
(Leatherwood, 1975; Barros et al., 1990; Balance, 1992)
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IS TEMPORAL-SPATIAL DISTRIBUTION PREDICTED BY LUNAR PHASE?
Ursula Tscherter, E. M. Ned Lynas, and Sarolta Gal

ORES Centre for Coastal Field Studies, Postfach 756, CH-4502 Solothurn, Switzerland

INTRODUCTION Among cetaceans, numbers of individuals within particular habitat areas naturally vary.
Such variability can have a pronounced affect on habitat use and exploitation, on commercial human activities such
as fishing, whale watching, and eco-tourism, and even on the outcome of population parameter estimates such as
sightings and capture-recapture surveys.

During two consecutive seasons of minke whale Balaenoptera acutorostrata censuses in the Laurentian Channel
Headwaters (LCH) region of the St. Lawrence estuary, we identified from 1 to 54 individuals daily (DEM photo-
identification method) in a well-defined foraging area 200 km’. The question arises whether or not such variability in
local numbers is predictable and what mechanism(s) might be involved.

METHODS Individuals were identified daily, weather permitting (wind speeds <20 knots), using photographs
of their natural markings. Estimates were made of the number of individuals available for photo-identification and of
the number of animals successfully identified. Date, time, GPS position, and general behaviour also were recorded
for each subject, and ventilating profiles were made of those animals already in the catalogue. Tides and moon-
phases were plotted against daily frequencies of estimated numbers and animals identified.

RESULTS Overall, inter-seasonal daily numbers peaked throughout September in 1999; whereas during 2000
a similar peak occurred during August. We first tested whether numbers estimated and identified were coincident
with, or predicted by the distribution of conspecifics in contiguous areas to the east and west. We found that it was
not (R* <0.001). Neither were numbers predicted by height of tide, P <0.001 (Spearman rank correlation; p ranged
from 0.477 to 0.020 for R? regression values in each tidal cycle: all but one were non-significant). Nevertheless,
periodic increases were recorded coincident with the second and fourth quarters of each lunar cycle prior to spring
tides, followed by decreases in first and third quarters. These quarterly numerical differences were significant (1999
and 2000; one-way, non-parametric ANOVA: 0.025 <P < 0.05; weighted mean of daily frequencies per lunar cycle,
Figs. 2 & 3). Both second and fourth quarter (spring) tides precipitate increased water movement, particularly, as in
this case, in the Fjord and estuarine habitats. This may have the effect of concentrating prey items and advecting
them at the surface where they are more readily exploited by increasing numbers of whales. We have recorded
concurrent elevated ventilation rates (84/h, SE=2.26, n=35) among foraging whales on the rising spring cycle,
indicative of increased surface feeding. However, sighting rates examined three days on either side of each new and
full moon displayed an unpredicted decrease of 59% on average, despite abundant water movement.

DISCUSSION Runge and Simard (1990), and Simard et al. (1986a) suggest that euphausiids are delivered from
the open gulf to the LCH by the tide, and the advection of deep water causes them to accumulate in dense
aggregations, particularly along the north shore of the LCH area. Tidal forces also contribute to the development of
fronts, up to five times daily (Ingram, 1985), and to internal interfacial wave formation in the area (El-Sabh, 1979).
Accumulation and retention of floating and swimming planktonic organisms in frontal zones, attributable to purely
physical processes, has been modelled by Franks (1992). Similarly, Olson and Backus (1985) have demonstrated that
young depth-keeping fish (Benthosema glaciale) are concentrated vertically by a factor of five along convergent
frontal flows.

Runge and Simard’s (1990) model maintains that euphausiids do not rise above 50 m depth during daylight hours
because of negative photo taxis. Nevertheless, fronts and internal waves occur regardless of the time of day, but
coincident with the daily tidal flow. Concentrated zooplankton prey items (Calanus sp., Meganyctiphanes norvegica
and Thysanoessa raschi) together with predatory fish (Mallotus villosus, Bailey et al., 1977) often are visible to the
naked eye at the surface whenever fronts and internal waves are manifest, and these observations correlate perfectly
with surface foraging activity. Ichii and Kato (1991) indicate that frontal areas are also important feeding grounds for
Antarctic minke whales.

It is our hypothesis that the number of minke whales using the LCH region increases, concomitant with the
increasing prey-concentrating function of convergent fronts and interfacial waves as the lunar cycle progresses
towards a climax during each spring tide, and that these numbers decline again before rising slightly at each neap
tide. Empirical evidence suggests that at maximum water movement during spring tides, however, these cells are
overwhelmed by the sheer volume of water flowing through the channel head. Consequently, normal convergent
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action is disrupted and its prey-concentrating function neutralised. This explains the precipitous drop in daily
numbers of whales at peak water flow, and the absence of surface feeding activity. Certainly, the whale behaviour is
now well documented. It remains for the oceanographic and biological mechanisms to be investigated.
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FEEDING BEHAVIOUR OF KILLER WHALES IN NORTHERN NORWAY
S. Turunen', T. Simila?, and G. J. Pierce'

! Dept. of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen AB24 2TZ, UK
*Box 181, 8465 Straumsjoen, Norway

INTRODUCTION Killer whales (Orcinus orca) occur from October to January in the wintering grounds of
their main prey, the Norwegian spring-spawning herring (Clupea harengus). The killer whales use different methods
in catching herring: carousel, travel and subsurface feeding (Simila and Ugarte, 1993; Simila, 1997). It has been
suggested that environmental factors, as well as the size and depth of herring schools, affect habitat use and,
especially, feeding behaviour of killer whales (Simila, 1997, Ugarte, 2001).

In 1990-95, herring wintered in two relatively narrow fjords, Tysfjord and Ofotfjord, and killer whales were mainly
feeding in shallow areas and on herring schools located close to the surface (Simila, 1997). Since 1995, the wintering
grounds of herring have shifted to a larger and more open fjord system (Rottingen et al., 1994).

We investigated whether any changes have taken place in the feeding behaviour of the Norwegian killer whales since
the shift in the wintering area of herring. We also quantified and compared surfacing patterns of whales engaged in
different behaviours, to find evidence of co-operation between individuals.

METHODS The study was conducted in Vestfjord-Tysfjord area, northern Norway (Fig. 1). Vestfjord is a
large, open and unprotected fjord system (~200 km length, <90 km width, 200-600 m, up to 900 m depth). Tysfjord
is a narrow and sheltered inner tributary of Vestfjord area, with a complex bottom topography (57 km length, 14 km
width, <900 m depth). Data on killer whale distribution and feeding behaviour, and on herring distribution in the
fjord system were collected in October-December 1996-99. Data on surfacing patterns of whales engaged in different
behaviours were collected in October-November 2000. Observations were made from a 12-m sailing boat equipped
with GPS and an echo-sounder, by randomly traversing the study area. Data on herring were recorded from 08:00-
18:00 h (depending on the length of the day) every 10 minutes in the absence of whales. When whales were present,
data on whales and herring were recorded every 5 minutes. Whale behaviour was classified as resting,
travel/foraging, or feeding (three categories as described below). Frequencies with which different types of feeding
behaviour were encountered were analysed (Chi-squared tests) in relation to study period (1990-93 (Simila, 1997) vs
1996-99) and water depth (<50 m, 50-100 m, 101-150 m, >150 m).

Surfacing intervals of male killer whales were recorded with a DAT-recorder and analysed with an event recorder
(programmed in Visual Basic). When whales were observed together, we tested whether surfacing events occurred
independently: surfacing intervals of pairs of whales observed together were compared with simulated random
surfacing intervals (Mann-Whitney and Kolmogorov-Smirnov tests). The random intervals were generated using the
individual surfacing interval data for the two whales.

Feeding behaviour Carousel feeding comprises two phases: herding and feeding. During the herding phase,
the whales herd a school of herring into a dense ball, and drive it to the surface. The whales also engage in lobtailing,
porpoising, releasing bubbles, and flashing the white underside of their body to the fish. During the feeding phase,
the whales stun fish using underwater tailslaps and are highly vocal. Fish are often seen jumping at the surface
(Simila and Ugarte, 1993). Subsurface feeding normally takes place in deeper waters. The whales spend less time
around the school than during carousel feeding. Whales are milling in a limited area in a less co-ordinated manner,
lobtailing and porpoising periodically. Herring schools are not brought to the surface and whales have never been
observed to use bubbles (Simila, 1997). During travel-feeding, whales travel in the same direction in a loose
formation, stop occasionally, and feed individually (Simila,, 1997).

RESULTS During 1996-99, killer whales were mainly observed in Vestfjord. Subsurface feeding was the
most commonly observed feeding behaviour and carousel feeding was observed less often than in 1990-93 (Fig. 2).
Travel-feeding comprised 30% of all feeding encounters in 1996-99, and 15% in 1990-93. The relative frequency of
carousel feeding encounters decreased with increasing water depth whereas travel and subsurface feeding encounters

increased with depth (Fig. 3).

During 1996-99, herring was present as extensive “layers” throughout the Vestfjord area. Some small, localised,
herring schools were observed in relatively shallow waters (20-100 m) but these were absent from the mid-sections
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of the fjord system. In 1990-93, small herring schools were observed frequently in areas of <200 m depth and in
areas with variable bottom topography in Tysfjord, especially during the vertical migration of herring (Simila, 1997).

Average surfacing intervals differed significantly between all activity states, except between travel-feeding and
travel foraging. Surfacing rates were highest during sub-surface feeding (2.7 min’') as compared to 1.7 min” for
travel-feeding and 1.1 min™' for resting killer whales.

Significantly non-random surfacing patterns were observed for pairs of whales during travel-feeding (2 out of 5
pairs), travel/foraging (3 out of 5) and resting (5 out of 7; see Fig 4).

DISCUSSION Feeding behaviour and herring distribution After 1995, as the herring stock size
increased significantly (Rottingen et al., 1994), the stock was most dense in the inner Vestfjord, an area with
relatively homogenous bottom topography. This shift in herring wintering grounds has changed the feeding
behaviour of killer whales. Carousel feeding, which is performed almost exclusively in shallow waters (<50 m), has
become less common and the use of travel-feeding technique has increased. Studies conducted in Tysfjord show that
killer whales were feeding mainly on small schools of herring in shallow areas or in areas with variable bottom
topography (Simila, 1997). It has been suggested that small herring schools occur more commonly in such areas and
that killer whales are able to take an advantage of the bottom topography when herding herring schools. Killer
whales in the Pacific Northwest have also been observed to take an advantage of the areas with shallow depths and
high bottom topography when feeding on salmon (Heimlich-Boran, 1988; Nichol, 1990). Although shallow areas
and underwater seamounts are present in Vestfjord, both killer whales and herring were present mainly in deeper
water. This study suggests that killer whales do not use carousel feeding techniques in such habitat.

Surfacing pattern The surfacing rate during travel-feeding was lower than during subsurface feeding,
consistent with lower oxygen consumption and thus providing evidence that killer whales consume less energy when
travel-feeding. This may indicate that deep dives are not made during travel-feeding behaviour. Travel-feeding is
probably an opportunistic feeding technique used to capture fish that whales find close to the surface.

Some evidence of synchronisation between individuals was seen when the whales were engaged in travel-feeding
and travel/foraging, but in particular during resting. While synchronisation during foraging might be expected if the
animals are co-operating to enhance feeding success, synchronisation of surfacing in resting animals is more likely to
indicate relationships, suggesting genetic relatedness and/or social structure within a group (Hamilton, 1964;
Jacobsen, 1986; Whitehead, 1996).
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BEHAVIOUR OF AN ADULT MALE SPERM WHALE
IN A SHALLOW FJORD IN NORTHERN NORWAY

Femnando Ugarte" 2, Tuula H. Sarvas” ? and Junita Karlsen’

! Norwegian College of Fishery Science, University of Tromse, N-9037 Tromso, Norway
? Hvalsafari AS, N-8480 Andenes, Norway

INTRODUCTION Sperm whales (Physeter macrocephalus) are common off the Norwegian continental
shelf, with high concentrations off Andgya, Northern Norway (Christensen et al., 1992). However, an adult male
spent two months in a shallow fjord, 150 km away from its closest natural habitat, and eventually stranded there. The
present work describes the behaviour of this unusual observation.

MATERIALS AND METHODS Observations of the sperm whale were made in Kvalvika and Storfjord.
Kvalvika is a bay with a maximum depth of 52 m. Two rivers run into the western part. It opens to the Lyngenfjord,
which has a depth up to 240 m. Storfjord is a continuation of the Lyngenfjord. It is 50 m at the deepest and a river
runs into its end.

Observations were made during daylight hours, either from land or from small boats. The presence of potential prey
in Kvalvika was investigated by SCUBA divers. Surface and dive times were recorded and compared with the diving
behaviour of feeding sperm whales off Andeya (Sarvas, 1999). Sound recordings were made using Offshore
Acoustics hydrophones (6-14 kHz re 1 v/mPa) and DAT-recorders (20 Hz - 22 kHz re 1 v/mPa). All sound analyses
were made using SpectraPlus software. Identification pictures of the edge of the tail were matched against catalogues
of sperm whales identified off Andeya (Lettevall, 1998) and in the North Atlantic (Huele et al., 2000). After the
whale stranded, it was sexed and length measurements as well as tooth samples were obtained. The age of the whale
was estimated from the growth layer groups (GLGs) of two teeth (Lockyer, 1981).

RESULTS On 22 February, 1999, local residents spotted the sperm whale close to shore in Lyngenfjord, 10
km north from Kvalvika. The whale entered Kvalvika on 23 February and remained in the bay until 7 April. On 9
April, the whale entered Storfjord, where it stranded during high tide on 28 April. As the tide ebbed, the whale fell
on its side and died.

From 6 March to 28 April, 45 hours of observations were made on 12 days. A conspicuous depression behind the
head of the sperm whale and the aspect of the body indicated that the animal was undernourished. No potential prey
was observed and there was no indication of foraging.

The whale moved in predictable patterns. While in Kvalvika, it either remained close to the river mouth or swam
between the opening and the shallow parts of the bay. Fluke-ups were seldom observed. Dive cycles could be
classified as either short (1-15 min) or long (21-49 min). Compared to feeding sperm whales off Andoya, the long
dive cycles were generally shorter and the short dives were more frequent. Surface periods lasted 1-13 min, whereas

in Andaya they typically last 5-9 min.

The whale was mostly silent while diving, except for occasional clicks, codas and previously undescribed sounds
produced as bubbles escaping from the blowhole. Clicks were often produced while the whale was at the surface,
changing the orientation of its body. A total of 363 codas, composed of 3-7 clicks, were recorded. Five-click codas
dominated the sample. Preliminary analyses indicate that the blowhole sounds were pulsed, of low frequency (<1.5
kHz) and of relatively long duration (>2 s), sometimes overlapped by clicks or codas.

There were no matches with any of the pictures in the ID catalogues. The whale was 15.4 m long and at least 35
years old.

DISCUSSION The sperm whale may have remained in areas with low salinity (fjords, river mouths) as a
way to re-establish its water balance, after dehydration due to lack of food. The reason for the whale’s under-

nourishment is unknown.

» Lack of foraging and the shallowness of the water, might explain the aburnidance of short dive cycles, as well as the
lack of echolocation while diving.

« Echolocation at the surface could have been for orientation.
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« Codas have not been recorded among male sperm whales feeding off Andgya. In this case, codas may have been an
indication of stress.

« Blowhole sounds were made as air exited the blowhole and could either be related to poor physical condition or,
alternatively, communication or stress signals.
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DO FISH HAVE COUNTERMEASURES TO AVOID CAPTURE
BY ECHO-LOCATING ODONTOCETES?

B. Wilson' and M. Dill Lawrence®

! Bamfield Marine Station, Bamfield, BC, VOR 1B0 Canada
?Behavioural Ecology Research Group, Dept. of Biological Sciences,
Simon Fraser University, Burnaby, BC, V54 156 Canada

For odontocete cetaceans, echolocation is an effective means of hunting mobile prey in poor visibility. To be useful,
the technique requires that the prey themselves cannot hear and avoid the sounds. Most fish perceive only low
frequency vibrations and so would be unaware of the approach of an echo-locating odontocete. However, recent
studies suggest that members of the clupeid or herring family can detect high frequency sounds. The factors
promoting the evolution of this unusual hearing are unknown-but detection of echo-ldcating odontocetes has been
suggested. The aim of this study was to determine whether herring respond to odontocete type echo-location sounds
and, if so, to test whether their responses are appropriate to reduce their probability of capture. Experiments were
carried out in a large indoor tank and a sea-pen. Small schools of fish were exposed to a variety of playbacks. Broad-
band click sounds caused feeding fish to cease foraging, drop in the water column, and begin to school actively
(n=10, P<0.05). Fish already schooling, dropped in the water column, and increased their swimming speed (n=25,
P<0.01). Control playbacks of electronic silence and an acoustic deterrent device for marine mammals (pinger) did
not elicit such responses (n=10 & 25, P=NS). The observed manoeuvres were applied to an acoustic model using a
simulated hunting bottlenose dolphin as the predator. The responses of the fish that were observed in the experiments
would significantly reduce the probability that the hunting dolphin could detect them. Clearly we can no longer view
all fish as acoustically passive prey and must consider potential anti-predator countermeasures when interpreting the
foraging behaviour of odontocete cetaceans.

SOCIAL OR NOT - THAT IS ZEE QUESTION? THE BEHAVIOUR
OF A SUB-ADULT HARBOUR PORPOISE

S.Wilson" %3, G. Desportes', and D. Benham"" 2

! School of Ocean Sciences, University of Wales, Bangor, UK
? Fjord and Belt Centre, DK-5300 Kerteminde, Denmark
? RPS Chapman Warren, High Street, Wroughton, Swindon, UK

Harbour porpoises are subjected to by-catch rates, which are not sustainable and are biased towards younger animals
of the 0-1 year age class. The reason for this is not yet understood. Because of its size and generally elusive
behaviour, the porpoise is difficult to study in the wild and little is therefore known of its behaviour, especially in
terms of social interactions and mother/young relationship. A thorough understanding of these, however, would help
understanding the by-catch situation and effective ways of reducing it. This study investigated the social behaviour
of a sub-adult female harbour porpoise. The investigation took place at the Fjord & Belt Centre, Denmark, in June-
September 1999, where a one-year-old female, Nuka, was introduced to a male and a female porpoises, both 4-5 yrs
of age and sexually mature. Nuka was rescued from a pound net and it is likely that this caused the separation
between her and her mother. Focal sampling of behaviours (as states or events) was conducted in 3-hr sessions, 4-5
times weekly, using a behaviour recording software. The young female spent most of her time alone (81%), while
she was, among other activities, swimming freely alone (58%), foraging (8%) and playing (6%). Nuka spent 7% of
her time with the male and 10% with the adult female. This activity pattern changed on a seasonal basis. Until mid-
August, 75% of the time was spent swimming alone, subsequently increasing abruptly to 94%. This increase in
independence of Nuka coincided with an increase in both play (often chasing free-ranging fish) and bottom grubbing
behaviours. In general, this pattern may help explain the dramatic increase of by-catch at the end of the summer. The
increase in independence, play and feeding behaviours, coupled with a lack of familiarity with fishing gear, could
place sub-adult porpoises at a higher risk of entanglement.
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PRELIMINARY RESULTS ABOUT NUMERICAL DISCRIMINATION IN THE
BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS)

S. Yaman"*, O. Giintiirkiin', L. von Fersen?, and G. Dehnhardt®

! AE Biopsycholgie, Fakultdt fiir Psychologie, Ruhr-Universitcit-Bochum, D/44780 Bochum, Germany
? Tiergarten Niirnberg, Am Tiergarten 30, D/90480 Niirnberg, Germany
3 Fakultct fiir Biologie, Allegmeine Zoologie & Neurobiologie,
Ruhr-Universitét-Bochum, D/44780 Bochum, Germany
4 Marineland Mallorca, Garcilaso de la Vega 9, Costa d’en Blanes; E/07184 Calvid, Mallorca, Spain

INTRODUCTION Number—related skills is an appropriate field to study the abilities of animals to generalise
abstract categories, because number is not a certain characteristic of an object in the way that is colour, shape or
material. Although several studies have shown a wide range of numerical abilities in terrestrial animals (Boysen and
Capaldi, 1993), very little is known about these skills in aquatic mammals (Mitchell ef al., 1985). Furthermore, the
possible biological implications of number-related skills should be discussed because both food consumption (e.g.
food items per time) and social relations (e.g. offspring-size and number of females etc.) could offer a species a

certain advantage.

A basic, but essential part of number-related skills is “relative number judgement” as defined by Davis & Pérusee
(1988). Therefore, the aim of this present study was to investigate whether a captive bottlenose dolphin can learn to
discriminate visual stimuli that only vary in the numbers of elements they contain. “Blue”, a 10-year old bottlenose
dolphin was trained to discriminate various stimuli representing “few” and “many” elements. The number of
elements per stimulus used during the training ranged between 1 and 5. Afier the initial learning of the first stimuli
pair, "Blue” reached the criterion (285% correct choices) for the following pairs already before the end of the first
session. Afterwards, his ability was tested for variation concerning the shape, size and pattern of the elements to
demonstrate that his performance only depends on numerical qualities. Subsequently the animal was tested with new
stimuli of intermediate as well as higher numbers of elements. Choices of these new stimuli were never reinforced
(catch trials) due to tests of Blue’s ability to generalise what he had learned during training phase. The number of
elements used during tests ranged between | and 10. The preliminary results indicate that the animal could generalise

the concept “few” and “many”.

MATERIALS AND METHODS  The subject of the present study was a 10-year old male bottlenose dolphin. He
had to discriminate between simultaneously displayed stimuli representing “few” and “many” elements. A whistle-
blow indicates the subject to leave the target and to push the stimuli that contain more elements with his rostrum, so
that it flipped backwards. During the discrimination phase, the experimenter was hidden behind a plastic curtain
(Fig. 1a - 1b). The left-right position of the correct stimulus was alternated quasi-randomly (Gellerman, 1933). The
experiment was divided into a training-, a control- and a testing-phase. During a training session, the animal learned
to discriminate 1 vs 5. After reaching 85% correct performance, this stimulus pair was used to habituate "Blue” to
un-reinforced trials (catch-trials). Subsequently he was trained with the number pairs: 1 vs 4,1 vs 3,1 vs 2.

Training Phase: After a successful performance, the animal was also trained with a stimulus pair varying in:
surface, shape and pattern of elements (Table 1).

Testing Phase: During the Testing Phase , new values were mixed with training stimuli and tested without any
reinforcement or feedback (catch-trials).

RESULTS

Training Phase

For the first stimuli pair (1 vs 5) Blue needed 13 sessions to reach criterion. His performance remained stable even
after establishing catch trials (Fig. 2a). For the following numbers (1 vs 4, 1 vs 3 and 1 vs 2), the criterion was
already reached in the first session (Fig. 2b). These results suggest that “Blue” could generalise after the first training

pair and already had learned the concept.

Testing-phase

During testing, "Blue” demonstrated that he could order new numbers based on the concept of "few” and “many”
(Fig. 3). Step by step, he was required to discriminate stimuli that only differ by one element. The subject reached
the criterion if the maximum number of elements for one stimulus did not exceed five or otherwise the difference

between a stimulus pair had to increase (up to five).

118



CONCLUSIONS The faster learning after the initial training pair suggested that ”Blue” could already
generalise the learned concept. During the testing phase, the subject could also discriminate new and never
reinforced stimuli, demonstrating that he could order new stimuli on a serial numerical scale; knowing that 3 is more
than 2, but 4 is more than 3. But obviously he had more difficulties to discriminate stimuli with higher numbers of
elements, which only vary by a few items. These effects can be explained by the law of Weber. For increasing
numbers, the absolute difference between items maintain a constant, but the relative difference decreases and

therefore is harder to distinguish.

To test whether the subject can really generalise the learned concept, he receives advanced reversal training: the
correct stimuli are those which contain more elements. For this purpose, the animal will be trained with the stimulus
pair 1 vs 5, and 1 vs 4. Afterwards, “Blue” will be tested with the numerical combinations of 1 vs3/2vs3/3 vs4/
3 vs 5. The successful performance of these stimulus pairs could give evidence about concept learning and use in the
bottlenose dolphin.
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Table 1. Example of stimuli pair used during training phase. All stimuli conditions were also veri
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Fig.1a) Overview about the testing situation with the apparatus, the stationing device and the position of
the dolphin watching towards the revealed stimuli

Fig. 1b) The dolphin leave the target to touch one of the displayed stimuli with its rostrum. Only choices
with the stimuli being completely flipped backwards were considered.
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Fig. 2a). For the first stimuli pair “Blue” needed 13 sessions to reach criterion. His performance remained stable
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Fig. 3. “Blues” performance during testing phase: The animal could order new stimuli on a serial numerical scale.
Obviously he had more difficulties to discriminate higher values.
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AGE- AND SEX-SPECIFIC MORTALITY RATES OF HARBOUR SEALS IN THE WADDEN SEA
K.F. Abt

Institute for Marine Sciences, Duesternbrooker Weg 20, 24105 Kiel, Germany

Harbour seals in the European Wadden Sea recovered rapidly after their epidemic mass die-off in 1988, suggesting
favourable life history parameters in the surviving population. In order to establish relevant mortality schedules, dead
strandings were collected on the Wadden Sea coast of Schleswig-Holstein, N-Germany, in 1989-98. Ages-at-death
of seals were determined from tooth cementum growth layers, and considered to form a mortality (kdx) series for
males and females. However, because the yearly number of seals being recruited had changed drastically over the
past decades, age-class frequencies had to be corrected by means of census data in order to indicate the probability of
a seal dying at age x. Combined with known harbour seal fertility data (Lotka’s formula), estimated mortality rates
correspond to an intrinsic rate of increase of 13%. In both males and females, mortality during the first year was
around 35%, but fell to only 2% per year at age 2—4. Mortality in adult females appeared stable at 4% per year at
least until age 15, whereas male mortality increased markedly between 8 and 15 years of age (6-14% per year).
These figures are lower than most published mortality rates for harbour seals, but are perfectly consistent with
observed population trends. Although still uncommon, the use of age-at-death data from dead strandings for
assessing marine mammal life table parameters is encouraged, particularly where material is abundant and
population trends are known.

THE USE OF MARINE PROTECTED AREAS IN CETACEAN CONSERVATION
T. Agardy

Marine protected areas are typically utilized to serve one of two broad objectives: 1) habitat projection, or 2)
prevention of fisheries overexploitation. Corollary or secondary objectives for their establishment also include
preserving traditional uses, education or awareness-raising, and establishing an eco-tourism industry, inter alia. The
form that this spatial management takes in any specific place, and thus the objectives that it serves to fulfill, will
largely depend on the nature of threats affecting the particular coastal or marine system. Thus if threats result from
destructive fishing, habitat loss or degradation due to development, or pollution, the marine protected area is
established with the overall goal in mind of habitat preservation and/or habitat restoration. Where proximate threats
have to do with overharvest of resources beyond sustainable limits, the marine protected area takes the form of a
fisheries reserve in which special restrictions on take are implemented. In addition to this straightforward use of
marine protected area tool, there are examples where habitat destruction and fisheries over-exploitation are not
major factors, yet marine protected areas are implemented nonetheless. This may occur when a general lack of
awareness about the importance of marine area exists, or when too few economic benefits are being derived to make
an area seem valuable and therefore worthy of conservation attention. In these cases the coastal or marine ecosystem
can become vulnerable to future threats, and marine protected areas can be implemented proactively.

Clearly, any conservation tool that acts to either preserve habitat, maintain fisheties production, or raise awareness
and perceived value of marine ecosystem will benefit not only coastal or marine system in general but also the
species these ecosystems contain. Thus cetaceans stand to benefit from all effective marine conservation measures.

However, marine protected areas can be planned specifically to help conserve threatened cetaceans by protecting
either the habitats upon which they depend, their food sources, or the cetaceans themselves, by instituting special
regulations to restrict activities that directly harm the species. To make marine protected areas maximally effective
in conserving cetaceans, however, the design of the protected area and the management regime instituted within it
must specifically address the human activities that threaten, or might in the future threaten, the cetacean populations.
This requires objective analysis of threats to cetacean populations, as well as spatial assessments to determine
where these threats may be concentrated. A systematic and strategic use of marine protected areas to conserve
cetaceans can then be built on a foundation of such a spatially referenced set of threats analyses. Recent marine
reserve designations and the emergence of marine protected area networks reflect this new level of rigor in the use
of protected areas.
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REDUCE NOISE, DELAY HABITUATION AND REDUCE HARBOUR PORPOISE BYCATCH -
CONFLICTING OBJECTIVES?

M. Amundin’, G. Desportesz, A.D. Goodson®, J. Teilmann®, and J. Kristensen®
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The two-year EU-funded EPIC (Elimination of Porpoise Incidental Catch) project investigated the possibility of
optimising "beacon mode" pingers, and explored two new concepts using sound to reduce by-catch. 1) "Interactive”
pingers which only transmit deterrent sounds when triggered by the porpoise's own sonar. Such fransmission “on-
demand” will considerably reduce the acoustic energy contributed to the water and will also delay the habituation
process. 2) “Acoustic masking" of the weak sonar echoes returning from fish prey. This can be achieved by
transmitting low-level noise, concentrated within the narrow bandwidth of the porpoise's sonar signal. It should
discourage porpoises from foraging inside an area exposed to the noise and should be totally insensitive to
habituation.

The experiments were performed in controlled conditions using captive porpoises at the Fjord & Belt Centre,
Denmark. The reaction of the animals was monitored with behavioural observations (focal sampling) and with a
dorsal fin datalogger, carrying heart rate, swim speed and dive depth sensors. The results show that the three
different "beacon mode" sounds investigated were similar in terms of deterrent effect, which was sustained with
signal durations reduced to 1/4 of the “traditional” 300 ms. No sign of habituation was observed over three weeks,
with four sound sessions per day. With the "interactive mode", the porpoises were much more wary in the vicinity of
the transducer, than in the "beacon mode" tests. Occasional emissions of “attractive” sounds, designed to encourage
the porpoises to echolocate towards the device, may be required with this mode. Preliminary tests with such signals
were carried out. The "sonar masking" experiments were hampered by bad weather, but encouraging preliminary
results were obtained. Live fish released in a test area initiated persistent natural foraging. The presence of the
porpoises in this area was clearly inversely correlated to the local masking noise intensity.
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RISK ASSESSMENT FOR FUTURE MANAGEMENT OF A HUNTED DEPLETED
BELUGA POPULATION (DELPHINAPTERUS LEUCAS)

S. Baratin' and P. R. Richard®

"University of Quebec at Rimouski, Canada
’Departement of Fisheries and Oceans, Winnipeg, Canada.

INTRODUCTION The Cumberland Sound beluga Delphinapterus leucas population has been studied for
twenty years and is located in the south-eastern part of Baffin Island, Canadian Arctic (Fig. 1). This population has
been traditionally hunted by the Inuit community, and, since the last century, by commercial companies. The
population is now considered to be genetically isolated (DeMarch et al., 1999). The present index of the population
size was estimated to be only 10% of the early 1900s (Brodie, 1971; Mitchell and Reeves, 1981). This population
index seems to have stabilised to 400-600 animals, with an established quota of 35 permitted animals hunted per year
(Richard and Orr, 1986; Richard et al., 1990).

A prospective risk analysis is a useful method in the case of a population vulnerable to catch pressure and whose
future management is risky. Also it is a good way to reduce possible errors in population growth probabilities when
there are scarce data on biology and population dynamics. A simple projection model coupled with a Monte-Carlo
resembling method was used to simulate the variability and uncertainty of the available parameters of the
Cumberland Sound population (Richard, 1999; Burgman et al., 1993).

MATERIALS AND METHODS In the analysis, the parameters were chosen randomly from a probability
density function covering their uncertainty and variability. The Monte-Carlo trajectories obtained in the resulting
graph summarise probability bands of population growth. The trajectory ranges represent increasing risk from
bottom to top, with the true population growth below each trajectory (Fig. 2). The projection has been run for ten
years. The undesirable event was defined to be “no increase” of the population. The parameters are the total estimate
of the population size determined from aerial counts corrected by a dive factor, catch options, and population growth
rate (Richard et al., 1999; Kingsley, 1998). The mean of this calculated growth rate is higher than the mean of a
published odontocete growth rate (beluga and narwhal, Monodon monoceros) (Table 1) (Wade, 1998; Kingsley,
1998). Due to this difference, two projections were run, one with the calculated growth rate and another one with the
published growth rate.

RESULTS AND CONCLUSIONS The projection using the estimated growth rate from Cumberland
Sound, showed little or no risk of decline until a catch option of 70 animals hunted per year was reached (Table 2).
This is illustrated, in the resulting graph, by the lowest trajectory, which is close to the broken bold line representing
the limit of the undesirable risk (Fig. 2). The projection using the published growth rate showed a 10% to 25% risk
of decline for a catch option of only 40 hunted animals per year, illustrated in the resulted graph by the lowest
trajectory occurring far below the limit of the undesirable risk (Table 2).

To put these modelling results in context, a comparison with the historical change of the population and variation in
catch records is essential. A large decline in the population has been observed for the first half of the 19™ century to
about 10% of the population in the early 1900s. Until the 1960s, the estimated catch was estimated at 60-400 hunted
animals per year. Between the 1960s and the 1980s, the catch record was estimated at 40-150 hunted animals per
year, and the population was still declining (Mitchell and Reeves, 1981; Brodie, 1971; Richard and Orr, 1986). This
is not in keeping with the results of the first projection using the estimated growth rate that shows almost no risk of
decline for catch options of 80-100 animals hunted per year. A retrospective trend analysis made with the estimates
of the total population size from the last decade showed a slow increase of this population with recent catches of 35-
50 hunted animals per year. This is not in keeping either with the second projection results that show up to 25% risk
of decline for a catch option of only 40 hunted animals per year.

In conclusion, there must be an error in one or even both of the growth rates used in the precautionary approach. The
estimated growth rate could have been over-estimated due to a potential bias in the calculation of the abundance
indices used in the model; a bias is also possible for the use of the correction factor in the estimations. The published
growth rate could have been under-estimated due to the probable uncertainties in the species’ biological knowledge.
The real growth rate is likely to be situated between the two growth rates used in this risk analysis. The conservation
issue of the risk analysis is that, in the absence of more precision on the biology and dynamics of the population, this
analysis provides a good conservative solution for a management decision.
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Table 1. Estimated and published beluga growth rate

Lower Mean Upper confident
confident limit limit
Estimated growth rate 1.04 1.10 1.17
Published growth rate 1.00 1.04 1.07

Table 2. Results of the two projection types

Projection using Cumberiand sound beluga growth rate:

Catch options (number of animals Risk of decline of the population

hunted per year)
0 to 50 0%
60 1%
70 1%
80 1t0 5%
90 5 to 10%
100 10%

Projection using Odontocete published growth rate:

Catch options (number of animals Risk of decline of the population

hunted per year)

0 to 20 0%
25 1%.
30 1t0 5%
35 5to 10%
40 10 to 26%
45 25%
50 33%
55 50%
60 50 to 67%

Fig. 1. Cumberland Area and beluga distribution area
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FIRST EXPERIMENT ON THE FIN WHALE (BALAENOPTERA PHYSALUS)
VISUAL DETECTABILITY ON BOARD A HIGH -SPEED FRENCH CRAFT
IN THE NORTHWEST MEDITERRANEAN SEA

P. Beaubrun', F. Capoulade® and L. David'

Ecole Pratique des Hautes Etudes, Laboratoire de Biogéographie et Ecologie des Vertébrés, Place Eugéne
Bataillon, 34095 Montpellier cedex 5, France, e-mail: <beaubrun@univ-montp2.fr>
“Société Nationale Maritime Corse Méditerranée, 61 Bd des Dames, 13002 Marseille, France,
e-mail: <fredcap@wanadoo fr>

INTRODUCTION It is well known that most of the Mediterranean fin whale population concentrates, in
summer, in the northern part of the Occidental basin. In this season, sea traffic is at a peak, and ships have a high
potential risk to collide with large cetaceans. Our goal was, in order to ensure the safety of whales, boats and
passengers, to compare how a large cetacean can be detected on board a High Speed Craft (HSC), and on a motor
sailing boat.

MATERIALS AND METHODS The experiment took place from 31 July to 06 Aug 1999. During this
period, sea state and wind conditions were <3 Beaufort. Trips were conducted, applying the line transect method,
from Nice (French continent) to Calvi (90 nm) or L'Ile Rousse (Corsica, 96 nm) since these two harbours are very
close. The parameters for the HSC were: 14 crossings, 12 of them at 34-36 knots and two at a lower speed, three
permanent observers (one scientist and two officers on duty) and eye level at 13 m [range of theoretical detection
(rth) = 13 km]; for the motor sailing boat: four crossings at 7-8 knots, three permanent observers and 3 metres for eye
level [rth = 6 km].

RESULTS

Numbers of fin whale contacts by travel Although observatlon effort was 10 times less aboard the HSC [0,107
observer/km*/minute on the HSC, and 1,012 observer/km”minute on the sailing boat], indices of contact of fin whale
are similar on the HSC (1,17 contact/travel) and on the sailing boat (1,25 contact/travel), but only if the total angle of
observation covered forward was <100° (Table 1).

Sightings early in the morning and later when returning  Sightings of fin whales aboard HSC were higher
when going to Corsica early in the moming (13 sightings, six crossings) than later when returning (five sightings, six
crossings) (Fig. 1). The opposite situation was noted on the sailing boat since whales were so numerously observed
on both trips: four and six sightings respectively when going or returning, during four crossings.

Attention on board of HSC The crew's attention (two persons) was very accurate in the first 0.5 nm in front
of the HSC (75% of their sightings), whereas 62% of the lone scientist's sightings were made beyond (Table 2). This
clearly shows that one confirmed observer, focusing his attention on cetacean detection, can be of great help by
indicating very early to the crew the located individuals.

Who sees where? Ranges of angles of primary detection indicated that the crew appeared to have a tendency to be
vigilant on the right side for fin whale (Fig. 1). Such a tendency was also found for crew detection of small dolphins:
11 sightings werer reported on the right side compared with three on the left for the 14 crossings.

CONCLUSIONS Up to a speed of 36 knots, fin whales could correctly be detected from the HSC, but only
on condition that one dedicated observer would cover a total angle not exceeding 100° wide forward. Similar
sightings rates were also noted in terms of the mean group size of whales encountered: 1.33 individuals on each boat.
The fact that aboard HSC, fin whales are more often detected early in the moming than in the middle of the day has
no explanation. It is possible that they move away from the route afier the first shuttle service, but we have to
confirm this particular behaviour. The disparity observed is not due to meteorological conditions because they never
change when going or retuming. It is also definitely the case that the reflection of the sun on the sea was not the
cause because this disruption was highest early in the morning. It is impossible that the phenomenon is due to
relaxation in the watch because passengers and craft security are important rules aboard. More serious is the
possibility of a modification in fin whale behaviour during the day. Such a tendency remains to be studied, but we
have recorded that fin whale headings were north or south-west early in the morning or in middle of the day, whereas
they were south-east later, at least until nightfall. In fact, this observation is already put into practice by some crews
who, depending on weather, attempt to return exactly along their outward route.The tendency of the crew to observe
on the right side of the HSC can be explained by a) the reflection of sunrise or sunshine on the sea which is always
on the left during the crossings, b) due to the ergonomics of the seats, or c) because all the controls are on the right
side of the navigation bridge.
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A complementary but more detailed study has been set up on board the HSC of the SNCM company (France), to
Bastia, Calvi or Ajaccio, from Nice. This work is planned to cover all the 2001 traffic period, that is to say until

December, for one week in every two.

ACKNOWLEDGEMENTS We are grateful to the Board, Officers and Crews, of the Société Nationale
Maritime Corse Méditerranée (SNCM Company), for their logistic support and collaboration.

Table 1. Numbers of fin whale contacts by travel

Forward angle covered 100° 180°
High Speed Craft 117 1.25
Motor sailing boat 1.25 2.25

Table 2. Cumulative percentages of primary sightings made on board of the HSC, by kind of cetacean
(fin whale/dolphins) and by observer ( Sc = Scientist, Cr = Crew).

Distance of
detection
FIN WHALE DOLPHINS TOTAL
6 n. milles Sc Cr Sc Cr Sc Cr
5 100 100
4 n. milles
3 87 100 100 100 93 100
2 n. milles
1 69 75 77 23 72 89
0.5n.
mille
0 38 75 54 79 45 78
Number of sightings
16 4 13 14 29 18
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Fig. 1. Sightings of fin whales on board of the HSC:
above — when going to Corsica
below — when returning to France
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IMPACT OF SAC DESIGNATION ON THE CONSERVATION STATUS OF BOTTLENOSE DOLPHINS
TURSIOPS TRUNCATUS IN THE SHANNON ESTUARY, IRELAND

S. D. Berrow

Shannon Dolphin and Wildlife Foundation, Merchants Quay, Kilrush, Co. Clare, Ireland

The Shannon estuary is home to the only known resident group of bottlenose dolphins in Ireland and was declared a
candidate marine SAC in April 2000. Under the Irish Wildlife Bill (2000) a nominate SAC can be managed as a
SAC once declared and advertised locally. Although bottlenose dolphins are listed on Annex II of the EU Habitats
Directive, which requires member states to designate sites for their conservation, the main motivation behind the
SAC designation was the management of the rapidly expanding dolphin watching industry in the estuary.
Commercial dolphin-watching has been actively promoted since 1995. Between 1995 and 1998, around 200 trips
per annum carried approximately 2,500 visitors. In 1999, there was a 60% increase in visitors to around 4,000 and in
2000, this increased by at least 300% to over 12,000.

SAC designation has provided a powerful legal framework for the management of dolphin-watching and other
threats to the dolphins and their habitat. The Conservation Plan for the estuary includes a list of notifiable activities
which require permission from the Minister before they can be carried out within the SAC. These include
commercial dolphin-watching, and the Conservation Plan seeks to limit the total time on dolphins. Since SAC
status, a number of initiatives have taken place including establishing a management group incorporating
stakeholders, local authorities and semi-state and national bodies, and a tour boat monitoring programme. Since
SAC status, there has been a huge increase in awareness of the importance of the estuary for dolphins. This has
resulted in commissioned research into the impact of some industrial developments on the dolphins, and a study to
determine the potential effect of organochlorines on the dolphins.

A review is made of the impact of SAC designation on the conservation status of the dolphins, identifying
constraints and assessing whether designation is fulfilling its objectives.
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RETINOL AND MARINE MAMMALS

A. Borrell, V. Tornero, and A. Aguilar

Department of Animal Biology. Faculty of Biology., University of Barcelona. Barcelona 08071, Spain

INTRODUCTION Retinoids, also known as vitamin A, are a group of closely related compounds that
include retinol, retinal, retinyl palmitate and retinoic acid, among other minor compounds. Retinol, the main vitamin
A compound, is a fat-soluble primary alcohol of low molecular weight; it is an essential nutrient in humans and other
mammals. Vitamin A plays a key role in vision, growth, the regulation of the proliferation and differentiation of
many cell types and in the maintenance of the reproductive, endocrine, and immune systems (Blomhoff et al., 1991).

Because several chemical pollutants are known to depress body levels of Vitamin A, and thus impair reproductive
capacity and immune competence, this group of compounds is foreseen as an informative biomarker for pollutant
exposure. Also, in populations whose biology is well known, tissue levels of Vitamin A may be used to infer diet
and, indirectly, population identity.

Despite its relevance to the assessment of population status, published reports on Vitamin A tissue concentrations
and dynamics in marine mammals are very limited. Here we review the information available to assess the current
state of knowledge and identify research priorities.

DISTRIBUTION IN TISSUES

In mammals, the liver is the main storage site for retinoids (50-80% of total in the body). However, extrahepatic
tissues such as kidneys, adipose tissue, lung or testis, also play a significant role in the storage and mobilisation of
retinol. Due to homeostatic mechanisms, retinol levels in plasma are constant despite the usual variation in dietary
supply and reserve stores; they only decrease when storage tissues are extremely depressed. Table 1 shows the
distribution of vitamin A in different tissues of pinnipeds.

MAIN BIOLOGICAL FACTORS AFFECTING INDIVIDUAL VARIATION
Similarly to humans and terrestrial mammals, tissue concentration of retinol in marine mammals varies according to
at least the following factors:

Sex

Very few studies have addressed sex-related variation of retinol levels in marine mammals. In cetaceans, these are limited
to a study on the blubber of harbour porpoises (Borrell et al., 1999) and in pinnipeds to some surveys on the liver and/or
blubber of grey seals, hooded seals, harp seals and Australian fur seals (Schweigert ef al., 1987, Rodahl and Davies,
1949, Southcott et al., 1974). Differences in retinol levels between sexes appear to vary among tissues and species, but,
as a general rule, adult males show higher levels than females (Figure 1). It is likely that lactational transfer from mothers
to their calves contributes to this difference (Simms and Ross, 2000).

Age

A positive relationship has been established between blubber retinol and age in harbour porpoises (Borrell et al.,
1999) (Figure2). Other data are restricted to pinnipeds, in which there is also a positive relationship between age and
retinol levels in liver and/or blubber in most cases (Table 2). This relationship, also observed in humans and other
mammals, appears to be the result of a decrease in the circulatory clearance of retinol and other liposoluble compounds
with age, coupled with a higher than necessary intake of retinoids via diet, which leads to a build-up of retinylester
concentrations with age (Krasinski etal., 1990, Maiani et al., 1989).

Other Factors
Malnutrition, cancer, and disease of the liver and kidney have been proved to decrease retinol levels in humans and

rats, but no data are available in marine mammals.

Future research should focus on the effect of age, sex and other biological characteristics of individuals on the retinol
tissue levels in marine mammals

EFFECT OF CHEMICAL POLLUTANTS ON RETINOL

A number of organochlorine compounds alter the metabolism of Vitamin A, although the intensity of this effect varies
considerably between animal species. In mammals, it has been observed that exposure to PCB, dioxin (TCDD) and
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DDTs very frequently leads to depletion of vitamin A storage in different tissues due to increased mobilisation from
storage sites, especially the liver, and, subsequently, to increased degradation (Kelley et al., 2000)

In all available studies in marine mammals, relating organochlorine compounds and Vitamin A tissue levels, a
decrease in plasma retinol is observed when loads of PCBs or other organochlorines are high (Table 3). According to
these studies, and in contrast to rats, vitamin A levels in plasma of pinnipeds decrease after exposure to
organochlorine compounds. Unfortunately, other tissues in these animals were not analysed so there are no data on
the processes of mobilisation between the various tissues. Presumably, due to homeostatic mechanisms, the retinol
depletion caused by PCBs might be much less evident in plasma than in other tissues such as liver or blubber.

Given that past epizootics affecting marine mammals have been associated with high levels of organochlorine
compounds and depressed immune competence, retinol levels in the blubber of marine mammal populations may be a
potential non-destructive biomarker of exposure to organochlorine compounds, particularly TCDD and PCBs.
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REFERENCES

Beckmen, K.B., Lowenstine, L.J., Newman, J., Hill, J., Hanni, K., and Gerber, J. 1997. Clinical and pathological
characterisation of northern elephant seal skin disease: J. Wildl. Dis., 33: 438-449.

Blomhoff, R., Green, M.H.., Green, J.B., Berg, T., and Norum K. R. 1991 Vitamin A metabolism: new perspectives on
absorption, transport, and storage. Physiol Rev 71, 4: 951-990.

Borrell, A., Cantos, G., Aguilar, A., Lockyer, C., Brouwer, A., Heide-Jorgensen, M.P., Jensen, J., and Spenkelink, B.
1999. Pattemns of variability of retinol levels in a harbour porpoise population from an unpolluted environment. Mar.
Ecol. Prog. Ser., 185: 85-92.

Brouwer, A., Reijnders, P.J.H., and Koeman, J.H. 1989. Polychlorinated biphenyl (PCB)-contaminated fish induces
vitamin A and thyroid hormone deficiency in the common seal (Phoca vitulina): Aquat.Toxicol., 15: 99-106.

De Swart, R.L., Ross, P.S., Vedder, L.J., Timmerman, H.H., Heisterkamp, S., Van Loveren, H., Vos, J.G., Reijnders,
P.J.H., and Osterhaus, A.D.M.E. 1994. Impairment of immune function in harbour seals (Phoca vitulina) feeding on
fish from polluted waters. Ambio, 23: 155-159.

Jenssen, B.M., Skaare, J.U., Woldstad, S., Nastad, A.T., Haugen, O., Kloven, B., and Sormo, E.G. 1995. Biomarkers
in blood to assess effects of polychlorinated biphenyls in free-living grey seal pups. Pp. 607-515. In: Whales, seals,
fish and man.

Kikeld, R, Hyvirinen, H., and Kikeld, A. 1997. Vitamins A-1 (retinol), A-2, (3,4 didehydroretinol) and E (alpha-
tocophherol) in the liver and blubber of lacustrine and marine ringed seals (Phoca hispida sp.). Comp. Biochem. Phys
B, 116:27-33.

Kelley, S.K., Nilsson, C.B., Green, M.H., Green, J.B., and Hakansson, H. 2000. Mobilization of Vitamin A stores in
rats after administration of 2,3,7,8-Tetrachlorodibenzo-p-dioxin: A kinetic analysis. Toxicol. Sci., 55: 478-484.

Krasinski, S.D., Cohn , J.S., Shaefer, E.J., and Russell, R.M. 1990. Postprandial plasma retiny| ester response is greater in
older subjects compared with younger subjects: evidence for delayed plasma clearance of intestinal lipoproteins. Clin
Invest., 85: 883-892.

Maiani, G., Mobarhan, S., Ceccanti, M, Ranaldi, L, Gettner, S., and Bowen, P. 1989. Beta-carotene serum responses in
younger and elderly females. Eur. J. Clin. Nutr., 43: 749-761.

Rodahl, K, and Davies, A.W. 1949. Vitamin A in Seals. Biochemistry, 45: 408-12.

Schweigert, F.J., Stobo, W.T., and Zucker, H. 1987. Vitamin A Status in the Grey Seal (Halichoerus grypus) on
Sable Island. Internat. J. Vit. Nutr. Res., 57: 239-45.

137



Schweigert, F.J. and Buchholz, Y. 1995. Vitamin A metabolism in carnivores with special reference o fur bearing
animals. Scientifur, 19 (4): 305-307.

Simms, W. and Ross, P.S. 2000. Developmental changes in circulatory vitamin A (retinol) and its transport proteins
in free-ranging harbour seal (Phoca vitulina) pups. Can. J. Zool., 18: 1862-1868.

Skaare, J.U., Bernhoft, A., Derocher, A.E., Gabrielsen, G.W., Goksoyr, A., Henriksen, E., Larsen, H.J., Lie, E., and
Wiig, O. 2001. Organochlorines in top predators at Svalbard-occurrence, levels and effects. Toxicology Letters, 112-
113: 103-109.

Southcott, R.V., Chesterfield, N.J., and Warneke. R.M. 1974. The vitamin A content of the liver of the Australian fur
seal, Arctocephalus pusillus doriferus. Aust. Wildl. Res. 1: 145-149.

138



12 [} males pg females J

Harbour porpoise 123
12
Grey seals 5 Blubber
Liver
Grey seals 152

Australian fur seal * 6
Y 24
47
Harp seals _% :

| 14
Hooded seals P o -

o 50 100 160 200
0 o

Retinol concentration (ug/g)

Fig. 1. Comparison between retinol levels (ug/g)
in different tissues of males and females of marine mammals

Harbour porpoise
® Females X Males

80

Blubber retinol (ug/g)

[ 3
(=]
L

20 4

T T T T T T T 1

0 2 4 6 8 10 12 14 16 18
Age (years)

Fig.2. Relationship between blubber retinolconcentration (ug/g)
and age in male and female harbour porpoise from Greenland

139



Table 1. Levels of retinol (ig/g) in various tissues of different species of pinnipeds

Rodahl and
Greenland seals

Baltic ringed seals 7-9 175 £33 21.6£3.4

Table 2. Age trends in liver and blubber retinol levels in different species of pinnipeds

Australian fur seal Southeott et al. 1974

Hooded seals Rodahl and Davis, 1949

Lake Saimaa ringed seals 12 Kikeld et al. 1997

Baltic ringed seals 9 W ) Kiikela et al. 1997

Davis, 1949

Kikela etal,,
1997

*only females, **significative p<0,05," statistics not performed
Apositive and W negative trend between age and retinol levels

Table 3. Characteristics of the studies indicating a negatlve relationship between plasma retinol levels and
organochlorine pollutant exposure in marine mammals, including the polar bear

Harbor seal captive 12 12 Ocs i
Northern ;
elefant seal
“Polar Svalbard/ wild
bear” Tisssinn Arohd 20/regression Skaare et al, 2000
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BREACHING OLD BOUNDARIES - AN INTEGRATED APPROACH TO MARINE MANAGEMENT
H. Corpe and S. Parlane

Scottish Environmental Protection Agency, Gaesser House, Fodderty Business Park,
Dingwall, Scotland, UK, IV15 9XB

The Moray Firth in NE Scotland hosts a variety of marine-based industries, a large human population and a small
population of bottlenose dolphins (Tursiop truncatus). In 1996, it was presented as a candidate Special Area of
Conservation (cSAC) under the EU Habitats Directive to protect the dolphins. A range of government organisations
are responsible for managing the cSAC, and their remit includes a) an inclusive approach, b) public entitlement to
input, and c) statutory requirements integrated with the voluntary approach. This study demonstrates how these
independent bodies used an integrated, inclusive and voluntary approach to produce and implement a management
scheme. The Moray Firth Partnership co-ordinated management scheme. A Management Group, comprising
representatives from the relevant authorities, was established to oversee the process. A series of working groups,
which included local experts, those involved and other interested parties, were set up to focus on specific activities
and produce draft management recommendations. The draft scheme then went to widespread public consultation.
Continuous information was provided in a variety of media. Although this approach is time-consuming, difficult and
more complicated than simply imposing laws, the benefits are multifold; involving people incurs a sense of
ownership and the voluntary approach minimises resistance, both of which provide opportunities, and help ensure
compliance. A co-ordinated approach identifies areas of overlap, and provides an integrated rather than piecemeal
approach to management Long term results cannot yet be evaluated but in the short-term, co-operation has been
excellent and reaction positive, the key areas of concern have been highlighted, public awareness of the issues is
greater, and communication between groups has increased. Marine protected areas provide a good focus for
management but marine species are often highly mobile, and it is essential that management measures can both
extend outside the boundary and be flexible and evolving.

AQUATIC MAMMALS IN SOUTH AMERICA:
PROBLEMS AND PROSPECTIVE VIEWS FOR CONSERVATION

E. Crespo

Laboratorio de Mamiferos Marinos, Centro Nacional Patagénico CONICET, and Universidad Nacional de la
Patagonia, Blvd. Brown s/n (9120), Puerto Madryn, Chubut, Argentina

The problems faced by aquatic mammals in South America are much like those they face in other parts of the world,
including incidental and direct catch by fisheries, competition for fishing resources, and habitat loss. Most of the
species are insufficiently known; with few exceptions, information about abundance and population trends is
minimal for most of them. Although most countries have legislation or regulations for conservation, incidental
mortality or by-catch are not considered as variables in fishery management models and decision making. At the
international level, regional agreements should be promoted between countries sharing similar problems, e.g. the
Action Plan for the Conservation of Marine Mammals in the Southeast Pacific, signed by five countries. The Atlantic
region still lacks such an agreement. Coastal or marine protected areas provide spatially marginal protection. In
many cases, however, interaction with humans occurs beyond the reserve borders, and the species is protected only
seasonally and within a limited area. In this case the problem seems to have no solution, unless human activities are
controlled in some other way. The management of aquatic mammals should be considered within the general context
of natural resource management, and even more general political and economical agendas. Increased unemployment
and poverty, and decreased educational levels during the 1990s have resulted in reduced state control over private
developments and investments with high environmental costs and loss of habitat. Conservation strategies should
include highly trained human resources, co-operation between research and conservation groups, agreements at the
national level with NGOs and the private sector, international agreements for shared species or habitats, and a
balance between international and regional policies. Brazil provides a very important example in the form of an
Action Plan and a Standing Committee of experts.
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OCCURRENCE, DISTRIBUTION AND HABITAT USE OF BOTTLENOSE DOLPHINS (TURSIOPS
TRUNCATUS) AROUND THE ISLANDS OF FAIAL E PICO (AZORES)

A. Cruz', M. Silva % R. Prieto' and J. Gong:alves1

! Departamento de Oceanografia e Pescas- Universidade dos A¢ores 9901-862 Hort
2 Instituto da Conservagéo da Natureza, Rua Ferreira Lapa n° 29, 1150 Lisboa

INTRODUCTION Previous work suggested the existence of a resident population of bottlenose dolphins
(Tursiops truncatus) around the islands of Faial and Pico (Azores) (Mendes, 1999).

Since 1999, a programme of monitoring and photo-identification of bottlenose dolphins is being undertaken in the
Azores, with particular attention to three Special Areas for Conservation. This programme intends to learn more
about the biology and ecology of this population, in order to gain insights that can contribute to a management plan
of the population in those particular areas.

The aims of the present study were to determine the occurrence and distribution of the dolphins in the study area, and
to assess the habitat use of the population.

METHODS Between March 1999 and November 2000, 102 boat-based surveys were conducted around the
islands of Faial and Pico, using a small inflatable boat. Fifty surveys were dedicated to photo-ID corresponding to
130 hours of observation effort, and 52 were opportunistic surveys done with the help of land-based observers from
whale-watching operators. Twenty-five hours were spent observing and photographing the animals.

Every time a group of bottlenose dolphins was encountered, the group size was estimated, and behaviour noted
before approaching the group. The presence of calves was registered. To study habitat use, the main study area was
divided into four sub-areas: North of Faial, South of Faial, South of Pico, and the Channel between Faial and Pico.
For each one, a sighting index was calculated based on the number of schools sighted per hour of observation. A re-
sighting index was calculated for each season, taking into account the number of surveys with re-sightings in relation
to the total number of surveys where bottlenose dolphins were sighted.

Kruskal-Wallis ANOVA was used to study differences on group size related to season. Chi-square tests were used to
compare the number of sightings per area, number of groups with calves per season, and number of re-sightings per
season.

RESULTS Bottlenose dolphins were encountered in 39% of all surveys, corresponding to 56 schools. Median
group size was 9.5 (SE=1,0). A significant relationship was found between group size and season, with larger groups
encountered during the summer (Fig. 1).

The frequency of occurrence of animals in the four sub-areas was different. The channel was the area preferred by
the animals where the most common behaviour was feeding.

The analysis of photograms resulted in a catalogue with 441 photos, corresponding to the best photos of 94
individuals. Twenty-four of these individuals were re-sighted in consecutive surveys, with a total of 69 re-sightings,
distributed across all seasons. No significant differences were found in the re-sighting rate per season (Fig. 2).

Groups with calves were seen in every season. A significant relationship between groups with calves and season
was found (Fig. 3).

DISCUSSION Median group size was 9.5, which is lower than the value found by Mendes (1999) for the same
area. However, we should remember that this author’s work was conducted during spring and summer, and in the
present work, group size was found to be dependent upon season, presenting larger values for the summer. In
addition, her study area was considerably larger, and included offshore areas, and thus had higher probability of
encountering oceanic populations with larger group sizes. Our estimation of group size is in agreement with other
values given for coastal populations of bottlenose dolphins (Acevedo-Gutiérrez, 1999).

Most of the animals were sighted in the channel between the islands of Faial and Pico. The topographic
characteristics of this area are responsible for the formation of strong currents and turbulent zones. Other authors
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documented a preference by bottlenose dolphins for areas with the same characteristics (Lockyer and Morris, 1986;
Liret et al., 1994; Wilson, 1995).

Most of the 24 individuals re-sighted were seen more than once, several months apart. This suggests that those
individuals use the study area regularly, showing some degree of residency.

Re-sightings were distributed across all seasons, and no significant differences were found between seasons.
However the re-sighting index was lower in the summer, which could suggest seasonal movements within the
Archipelago. Altematively, this may be explained by the presence of oceanic groups that come nearshore during that
season while feeding or travelling. This is consistent with group size being larger during the summer.

Previous work indicates a reproductive peak in spring and autumn (Scott et al., 1990), which does not occur with our
data. Groups with calves were seen in every season, most of them occurring in summer and winter. Spring had the
lowest values. Absence of data on age or length of the calves prevents us from predicting the season of their birth.
We may not see them, often because they are small and do not approach the boat. On other hand, the temperate
climate of the Azores might enable occurrence of births all year around. However, this is a subject that needs to be
further investigated.
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Group size
H(3, 56)= 11.57244, p=0.0090
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Fig. 1 — Median group size of bottlenose dolphins encountered in each season. Results
of Kruskal-Wallis ANOVA are presented in the graph.
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HEAVY METALS IN GRAY WHALES (ESCHRICHTIUS ROBUSTUS) AND IN SEA WATER
AND SEDIMENTS OF OJO DE LIEBRE LAGOON IN MEXICO
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The concentration of 12 elements (copper, zinc, iron, manganese, lead, vanadium, nickel, chromium, cadmium,
mercury, arsenic and selenium) were measured in skin, bone, muscle and kidney of eight gray whales (Eschrichtius
robustus) stranded during the 1999 breeding season on the coast of Ojo de Liebre Lagoon in Mexico, which forms
part of the “El Vizcaino” Biosphere Reserve.

The gray whale has a unique feeding strategy among Mysticeti, of filtering sediments to obtain food. In recent years,
this feeding behaviour has been recorded inside the lagoon. The concentration of lead from all tissues was
significantly higher compared with previous studies. Copper, zinc, iron, manganese, lead, vanadium, nickel and
chromium were also measured from the sediments; and copper, lead, and mercury from the water of the lagoon.

From the sediments and water, it was determined that the levels of copper were also significantly higher compared
with those reported elsewhere. The lead concentrations in tissues were then correlated with that of water and
sediments, in order to establish if there was a relationship between the concentration of this metal from tissues of the
whales and those from the sediments and the water. The same was done in the case of copper. Further, the results
showed that there was no statistically significant correlation between the concentrations. It could therefore be
established that the higher levels of lead in tissues showed little relationship to the levels of lead from the lagoon. For
copper, it could be established that despite the higher concentrations of copper from the lagoon, the whales do not
bio-accumulate the metal into their tissues to reach toxic levels.
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MONITORING OF TURSIOPS TRUNCATUS POPULATIONS
IN SIX DIFFERENT MARINE PROTECTED AREAS

L. Dell'Anna, C. Benoldi, A. Fozzi, S. Nannarelli, D. Pisu, and M. Pulcini
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INTRODUCTION The riparian states of the Mediterranean Sea, conscious of the economic, social, health
and cultural value of the marine environment of the Mediterranean Sea area, fully aware of their responsibility to
preserve and sustainable develop this common heritage for the benefit and enjoyment of present and future
generations, recognising the threat posed by pollution to the marine environment, its ecological equilibrium,
resources and legitimate uses and mindful of the special hydrographic and ecological characteristics of the
Mediterranean Sea and its particular vulnerability to pollution, have agreed in 1975 to launch an Action Plan for the
Protection and Development of the Mediterranean Basin (MA P), and in 1976 to sign a Convention for the Protection
of the Mediterranean Sea against pollution (Barcelona Convention).

In 1992, with the Habitats Directive, the fundamental purpose is to establish a network of protected areas with the
aim of maintaining the widest distribution of threatened habitats and species, among which are the bottlenose
dolphin.

In 1995, phase II of the Action Plan was adopted for the protection of the marine environment and sustainable
development of the coastal areas of the Mediterranean as well as substantial amendments to the Convention and their
Protocols regarding also 19 marine mammal species.

In 1996, the Agreement of the Conservation of Cetaceans in the Black Sea, Mediterranean Sea and contiguous
Atlantic area is aimed at the conservation of cetaceans in these regions and pay special attention to the creation of
MPAs (Marine Protected Areas) to achieve this (ACCOBAMS) (Bou, 1995,1999).

Although killing of cetaceans in Mediterranean waters is illegal, many die after becoming entangled in fishing nets,
buoy-nets and long-lines. A less obvious threat is ghost nets — large amounts of fish netting lost at sea which may
drift for years, entangling marine life. There are a host of other threats to cetaceans including ship strikes, oil spills
and chemical pollutants, acoustic pollution from vessels, and the depletion of cetacean food stocks through
commercial fishing operations.

Cetaceans are particularly vulnerable to broad-scale changes in the marine environment because of their high
positions in marine food chains (Wells, 1991). Furthermore, cetacean populations are difficult to monitor, making it
hard to evaluate the effects of threatening activities on populations.

Because of this lack of information about cetaceans, and the uncertainty about their status, the Nature Conservation
Department of CTS start a research activity in some coastal marine areas with the aim to have a better knowledge of
cetacean populations and status changes in order to understand the influence of threats on any changes in status
detected. In fact, the study of the relationship between distribution and abundance of wildlife and habitat parameters
(environmental variables) is needed for decision makers regarding the management of natural resources (Hui, 1985).

MATERIALS AND METHODS Since 1996, the Nature Conservation Department of CTS, an Italian
environmental organisation, started the "Bottlenose Dolphin Project” by preliminary surveys along the coasts of
Maddalena Archipelago National Park, Villasimius, Tuscan Archipelago National Park, Tavolara Island, Gonone
Bay in Sardinia and Pelagie’s Archipelago in Sicily; all those areas represent coastal or marine protected areas. The
“Bottlenose Dolphin Project” started to collect systematic data on trace metal and organochlorine contamination on
stranded dolphins in order to determine causes of mortality (Podesta et al., 1997), and to examine the tissues of new
stranded animals.

What are the objectives of the "Bottlenose Dolphin Project”?

e Increase knowledge on dolphin populations, including degree of residency in the areas, to estimate their
population size and habitat use, and to examine the dolphins’ behaviour;

e  Define conservation measures for the species;
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¢ take action to reduce the incidental mortality of marine mammals;

*  reduce or manage the effects of disturbance on marine species of conservation interest, arising from use of
the marine and coastal environment;

*  reduce adverse environmental impacts on the key habitats of marine or marine-dependent species.

“Bottlenose Dolphin Project”: 417 sightings were made and 1,375 animals were observed. Figure 1 shows the
increase of dolphin sightings during the years of the Project.

Now, effort is made to define rigid criteria from habitat studies well-suited for long-tem conservation; these activities
and data from different areas will be processed using a multiscale GIS (Geographical Information System). Such a
tool allows one to relate some environmental parameters to the intensity of spatial utilisation of the bottlenose
dolphin Tursiops truncatus (Liret et al., 1999).

RESULTS In the study areas, our observations have demonstrated that the dolphin population is stressed by:

Fast ferries The fast ferry industry is growing more rapidly than any other sector of the world transport market;
fast ferry services now operate in many areas of known cetacean abundance, and there is evidence of their noisy
presence. Dolphins inhabiting a largely enclosed sea area surrounded by vertical rock faces and subjected to regular
fast ferry traffic might well be vulnerable. Sound propagation in deep water is also likely to be quite different
(Browning and Harland, 1999).

Noise pollution It is internationally recognised that noise pollution is a far more threatening form of pollution for
cetaceans than previously believed: cetaceans are dependent on their auditory capacity for communication and
geographic identification. Interference with this ability is a potential threat to survival (Evans, 1996).

Fishing activities Dolphins following trawlers and feeding on their by-catch: this opportunistic feeding behaviour
was observed in all the study areas. This point was carefully checked and it was noted that each population uses
different behavioural patterns (Corkeron et al., 1990; Fertl, 1994).

Fish farm  Bottlenose dolphins were observed foraging near fish farm cages near Tavolara island, Villasimius, and
alongside the Lampedusa coastline. The behaviour was studied in a total of 100 hours of observations in the three
areas. Bottlenose dolphins may have learned in recent times to take advantage of this new food source. This fish
farm industry appears as a major source of pollution and degradation within cetacean habitats (Parsons et al., 1999).

Shipping The southern regions of Maddalena Archipelago National Park and Bonifacio Straight are specially
important maritime areas with a substantial volume of commercial and recreational shipping activity. Shipping can
impact cetacean populations through collisions and noise disturbance (Evans, 1996)

Some incidental takes were observed at Lampedusa island. One dolphin that was foraging along a fish farm was
killed from a collision.

In all the study areas, it appears that the dolphins were sighted especially in the morning hours of the day, when
shipping is less present.

CONCLUSIONS The current human activities within these marine protected areas represent a threat to the
populations of cetaceans living there; however, continued management is required to prevent losses from potentially
threatening activities, such as increases in gill net and drift net fishing. Regionally, potential threats to cetaceans
include oil spills, accidental capture in fishing nets, pollution, and uncontrolled ecotourism.

Those direct sources of mortality or damage are fairly linear, with potential causes and effects readily envisioned.
There remain, however, other activities or management actions that impact upon populations in ways not anticipated.
Such unintended consequences may not be apparent for long periods of time and may even result from decisions
initially taken in the best interests of a population. Understanding or predicting these effects often requires more
knowledge of ecosystem structure and function than has been available.
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NATIONAL MARINE PARK OF ALONNISOS, NORTHERN SPORADES:
EVIDENCE ON THE EFFECT OF IN SITU PROTECTION ON THE
MEDITERRANEAN MONK SEAL POPULATION

P. Dendrinos, E. Tounta, A. Dosi and S. Kotomatas

Mom/Hellenic Society for the Study and Protection of the Monk Seal,
Solomou 18str., 106 82 Athens, Greece

The Mediterranean monk seal, Monachus monachus, is a critically endangered species (IUCN, 1996). Its world
population is estimated to be 400-500 individuals, with two main surviving groups in Greece in the Eastern
Mediterranean, and in Mauritania and Morocco on the Atlantic coast of Northwest Africa (Reijnders et al., 1993). In
Greece, the species is widely distributed in both Aegean and Jonian seas (Adamantopoulou et al., 1999). The highest
priority and the most effective conservation measure for the species is considered the in sifu protection of important
monk seal populations through the creation of a network of Special Areas of Conservation. The first such area in the
Mediterranean is the Northern Sporades island complex in Greece, where the National Marine Park of Alonnisos
Northern Sporades (NMPANS) was established in 1992. Since its establishment and up to the present date, a number
of projects have been implemented as necessary elements of an effective management plan. Two key projects are the
guarding of the area against illegal activities, and the monitoring of the seal population. The guarding project has
resulted in gradual but significant reduction of illegal activities ,and an almost complete cessation of human activities
within the Core Zone of the Park. In parallel, the analysis of the data collected on the status of the monk seal
population showed a high pup survival rate (84% for the first two months of the pup’s life), and a significant increase
of the use of terrestrial habitat and of birth numbers especially in the Core Zone. Thus, the results of the above-
mentioned projects show a positive effect upon the status of the monk seal population in the area. This is the first
concrete evidence for the effect of in situ protection on this highly endangered species.

MANAGEMENT OF HECTOR'S DOLPHIN IN NEW ZEALAND
M. Donoghue

Department of Conservation, Wellington, New Zealand

Hector's dolphin, Cephalorhynchus hectori, is New Zealand's only endemic cetacean, with a population in the low
thousands. Its habitat is shallow, turbid coastal waters, and it is therefore especially vulnerable to entanglement in
bottom-anchored gill nets (set nets). The small remnant population in the North Island (most likely <200 animals) is
genetically distinct from the much larger South Island population. Conservation management of Hector's dolphin is a
high priority for the New Zealand government, especially since the development of the New Zealand Biodiversity
Strategy. Two government agencies are involved - the Department of Conservation and the Ministry of Fisheries.
Management strategies have drawn on elements of both the Marine Mammals Protection Act 1978 and the Fisheries
Act 1996. Voluntary measures have also been adopted by some commercial fishers (including the use of acoustic
warning devices or 'pingers' specifically developed for Hector's dolphin). Establishment of New Zealand's first
marine mammal sanctuary at Banks Peninsula in 1988 under the MMPA has been complemented in the South Island
by area closures under the provisions of section 15 of the Fisheries Act, which allows the Minister of Fisheries to set
Maximum Allowable Levels of Fishing-Related Mortality for marine mammals accidentally taken in commercial
fishing operations. In the North Island, an extensive consultation process involving government officials, fishers and
environmental groups has resulted in a consensus proposal to close off most of the known habitat for remaining
dolphin pods to all commercial and recreational set net use. A comprehensive research programme is underway in
the North Island to learn more about this remant population and its trends.
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ESTABLISHING METHODS TO MEASURE THE QUALITY OF BOTTLENOSE DOLPHIN HABITATS
IN A SPECIAL AREA OF CONSERVATION IN WALES
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‘Cardigan Bay Marine Wildlife Centre, New Quay, Ceredigion, Wales, UK.

A candidate Special Area of Conservation (cSAC) has been established in Cardigan Bay, Wales for its resident
bottlenose dolphin population. Effective management requires better knowledge of the key factors influencing the
condition of bottlenose dolphin habitats and distribution of potential prey species in the region. This project trialled
methods for a) determining the distribution and abundance of potential benthic fish prey species within and adjacent
to the cSAC; b) determining any correlation between benthic prey species and their abundance in relation to habitat
type; and c) assessing the distribution of the dolphins with regards to benthic prey abundance using GIS. Forty-six
beam trawls were conducted over seven substrata types between February and September 2000. Substrata were
identified primarily from previous RoxAnn acoustic discrimination. A total of 37 fish species were identified. Most
fish were benthic species, the exceptions being herring (pelagic), Norway bullhead, cod, and poor cod (all
midwater/benthic). The six most abundant species were dragonet, solenette, poor cod, scaldfish, grey gurnard, and
spotted ray; and, in terms of biomass, poor cod, plaice, dragonet, spotted ray, solenette, and lesser spotted dogfish.

Overall abundance of the main species, and species diversity, were highest in the eastern part of the management
area where effort-corrected bottlenose dolphin sightings were also greatest. Using GIS, the relationships between
various environmental parameters, bottlenose dolphin and benthic fish distributions were examined. Multivariate
analyses indicated a relationship with differences in seabed surface roughness rather than substratum type alone.
Individual species substratum preferences were also detected, although mainly in terms of negative preferences. To
better understand what determines dolphin distribution in the cSAC, sampling is recommended at select nearshore
locations known to be favoured by dolphins where substratum mapping has not been conducted; and other fishing
methods adopted that sample pelagic potential prey species like bass and sea trout.

THE POSITIVE PSYCHOLOGICAL IMPACT OF WHALE WATCHING — AN INVESTIGATION
INTO CHANGES IN THE PERCEPTIONS OF ECO-TOURISTS OVER THE COURSE OF
WHALE-WATCHING EXCURSIONS IN TENERIFE, CANARY ISLANDS

E. Ferguson' and D. Nussey®

!School of Psychology, University of Nottingham, University Park, Nottingham NG7 2RD, UK
*Lady Somerset Road, London NW35 1UP, UK

A great deal of anecdotal evidence exists in most popular media for the psychologically or physiologically
restorative effects of human interactions with cetaceans, but little theoretically grounded research exists to back these
claims. This study utilised the transactional model of stress and emotion to analyse the psychological impact of a
common recreational activity involving cetaceans, whale-watching. A quasi-experimental one-group pre-test-post-
test design was used to investigate the effects of a whale-watching experience, aboard eco-tourism vessels operating
from the south-west coast of Tenerife, on tourists’ perceptions of their environment, mood, and health concerns.
Already validated psychometric measures of primary appraisal, state affect, and health anxiety and
symptom/treatment experience, were distributed to 189 tourists at two stages in their excursions: as they waited on
the boat prior to departure (pre-test) and again after they had seen whales and/or dolphins from the boat (post-test).
Paired-sample t-tests revealed significant changes in all psychological factors measured between pre-test and post-
test. Appraisals of potential for loss and threat in surroundings fell, as did unpleasantness of state affect, and health
concerns. Appraisals of challenge in one’s environment rose, as did arousal level of mood. However, the tourists’
scores regarding symptom/treatment experience did not change, suggesting that the observed effect is working on
people’s perceptions of health and illness, and not altering long- or short-term memory of symptom experience.
Additionally, several possible mediators of these perceptual changes were examined. Trait anxiety levels amongst
the sample were found to interact significantly with changes in primary appraisal from pre- to post-test. These results
suggest that the experience examined appears to have a positive psychological effect on tourists, and may have
applications in health psychology. Limitations of this study are discussed, and implications for future psychological
and health research are tentatively mapped out.
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INTERACTIONS BETWEEN FISHING ACTIVITIES AND CETACEANS IN
THE NORTHERN ATLANTIC COAST OF SPAIN

M. M. Fernandez-Contreras, Gemma Cantos, Marta Coll, and Alex Aguilar.

Dept. Animal Biology, Faculty of Biology, University of Barcelona.
Avgda Diagonal, 645. 08028 Barcelona, Spain

During 1999 and 2000, we studied interactions between fishing activities and cetaceans on the north-east coast of
Spain. According to previous studies, this area has the highest level of conflict in Iberian Atlantic waters.

In Cantabria, these interactions appear to be limited to a few harbours, while in the Basque Country (Fig. 1) they are
more widespread. Consequently, this study focused on eight harbours on the Basque coast chosen because they have
the largest fishing fleets.

To monitor the most conflicting fishing operations, we interviewed:

e 107 fishermen, two of whom were interviewed on board fishing vessels, to assess the attitudes of fishermen
towards this interaction and to evaluate the magnitude of the conflict.

e 13 students of the Marine Fisheries Polytechnic Institute of Pasaia, to ascertain the attitudes and degree of
awareness about the conflict among those students expecting to become fishermen in a few years.

e 114 students of two secondary schools located in fishing towns, to determine the awareness of the youngest
population with regards dolphin conservation and conflicts.

Of the fishermen interviewed, 58% reported that they deliberately kill dolphins for human consumption (Fig. 2). This
activity was particularly frequent among those involved in the tuna fishery, in which vessels remain offshore for long
periods. In most cases, dolphins are killed simply as a source of fresh meat. However, dolphins are also taken even
when boats return daily to harbour. Only 2% of fishermen denied the existence of these practices, and 40% refused
to answer. It is thought that a proportion of those who did not answer knew about these practices and were very
probably involved in them. No significant differences in answers were found between ports.

Among the fishermen who admitted to hunting dolphins, the majority reported that this was an occasional practice,
except in one of the ports (Orio), where most considered this a relatively frequent practice and, on occasions, very

frequent (Fig. 3).

Fishermen from five of the eight ports surveyed estimated that deliberate dolphin kills were restricted to some boats,
while in the remaining three ports, these practices appeared to be widespread (Fig. 4).

Bottlenose dolphins (Tursiops truncatus) seem to be the preferred target species, and account for about 20-50% of
dolphin kills. Common (Delphinus delphis) and striped dolphins (Stenella coeruleoalba) are overall more frequently
killed but, because their populations are much larger, the impact of this practice is probably smaller.

Dolphins are mostly hunted using a toggle harpoon, which along the coast is known as "delfinera" (indicating that
this harpoon is for this specific purpose, since “delfin” means dolphin in Spanish). Most vessels carry several of
these harpoons and, frequently, each fisherman has his own.

In the Marine Fisheries Polytechnic Institute of Pasaia, 54% of students were aware of deliberate dolphin kills for
human consumption in the Basque Country, but considered it only an occasional practice.

The interviews also reflected the occurrence of some incidental catches of dolphins. Of the 107 fishermen
interviewed, 32 (30%) reported having found dolphins entangled in their gear during the previous year. The purse
seine fishery accounted for 72% of these entanglements (n=23).

Of the secondary students surveyed, 86% reported that cetaceans were in danger of extinction, and 99% believed that
protection was necessary. 60.5% of these secondary school students identified deliberate kills as one of the main
conservation problems that affect small cetaceans in Spanish waters. It is worth noting that 25% of these students
had at least one close relative who was a fisherman.
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The bottlenose dolphin is a protected species both by Spanish national regulations and international agreements.
However, since kills take place offshore and the dolphin meat is not commercialised, the control over, and regulation

of, these activities are difficult to enforce.

Awareness programmes directed to the collectives involved, that is to say, fishermen and their close relatives, are
considered the main instrument by which to reduce deliberate dolphin catches. Funded by the Ministry of the
Environment (Directorate for Nature Conservation), The Marine Mammal Research Group of the University of
Barcelona is currently assessing the usefulness of educational campaigns to mitigate this conflict in the Basque

country.
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CETACEANS STRANDING IN MADEIRA ARCHIPELAGO (PORTUGAL) FROM 1991 TO 2000
L. Freitas', N. Aguiar', D. Caires™ 2, L. Quaresma’, and C. Freitas'

" Museu da Baleia, Largo Manuel Alves, 9200 Canigal, Madeira, Portugal
* Flora Park, B4-4B, 9125-126 Canico, Madeira, Portugal
? Direc¢do Regional de Pescas, Estrada da Pontinha, 9000-017 F: unchal, Portugal

The Madeira Whale Museum started in 1991 to collect information on the stranded cetaceans in the Madeira
archipelago, with the objectives of gathering general information on the biology and ecology of the species present in
the archipelago’s waters. From 1996 onwards, a stranding network was established with the help of the authorities
and volunteers. The work went a step forward to trying to identify the causes of death and possible human threats to
the cetaceans on post-mortem exams.

Between 1991 and 2000, fifty strandings were recorded in the coasts of the archipelago (Madeira, Porto Santo,
Desertas and Selvagens Islands). Most of the animals were identified down to the species (n=43). These were from
the following nine species: fin whale Balaenoptera physalus (1 animal), minke whale B. acuturostrata (2), pygmy
sperm whale Kogia breviceps (2), sperm whale Physeter macrocephalus (5), Sowerby’s beaked whale Mesoplodon
densirostris (1), Cuvier’s beaked whale Ziphius cavirostris (4), short-beaked common dolphin Delphinus delphis
(22),spotted dolphin Stenella frontalis (2) and bottlenose dolphin Tursiops truncatus (4). The remaining seven
animals were identified down to genus (1 - Balaenoptera), family (4 - Delphinidae and 1- Ziphiidae) or suborder (1-
odontocete).

It was not possible to do a full post-mortem examination in 52% of the animals. For the ones that an examination
was performed, 46% died of natural causes, 29% of confirmed causes related to human activities (direct killing,
acoustic impact, ship collision, or ingestion of plastics) and 25% were suspected of being anthropogenic-related
deaths.

All deaths of confirmed or suspected human origin (12) occurred between February and May, with one exception, in
August. The stranding of animals dying of natural causes peaked in February and April, most of them in poor
nutritional state. The anthropogenic-related cetacean deaths in Madeiran waters are of different origins, with nearly
half of them being intentional (almost all of them dolphins), although there is no local tradition in killing dolphins for
meat consumption or for other use.
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INTERACTIONS BETWEEN BOTTLENOSE DOLPHINS AND ARTISANAL FISHERIES IN THE
BALEARIC ISLANDS: MAY ACOUSTIC DEVICES BE A SOLUTION TO THE PROBLEM?

Manel Gazo', Mar Fernéndez-Contreras', Josep Maria Brotons?, and Alex Aguilar1

! Dept. Biologia Animal, Universitat de Barcelona. Diagonal, 645. 08028. Barcelona. Spain.
2 Direccié General de Pesca, Govern Balear. Foners , 10. 07006 Palma de Mallorca, Spain.

INTRODUCTION The bottlenose dolphin (Tursiops truncatus) is the most common cetacean around the
Balearic islands. Its coastal occurrence, together with the fact that the artisanal fleet operates near the coast, facilitate
the occurrence of severe interactions between this cetacean species and fishing activities. Dolphins take fish from
trammel and gill nets, producing losses to the fishing industry and damage to the gear; this results in harassment and
deliberate dolphin kills by fishermen. Moreover, some dolphins die when they become entangled in the nets when
approaching them to consume fish. A study carried out by the GRUMM of the University of Barcelona in 1992-95
showed that about 30 bottlenose dolphins die around the Balearic Islands every year as the combined result of
entanglements and direct kills. In October 2000, a project was started to assess the effectiveness and practicality of
using acoustic devices (pingers) to keep dolphins away from the nets and, in this way, reduce both entanglements
and damage to the gear.

Acoustic devices For the study, we used Aquamark 100 pingers, distributed by Aquatec Subsea Limited
(UK). Once activated by being submerged underwater, the devices emit eight wideband frequency-modulated
waveforms with harmonic energy in the 20 kHz to 160 kHz band. Devices measure 150 x 45 cm and weigh 400 g.
Pingers were mounted inside a plastic hose to protect them from physical damage. They were attached to two
floaters to ensure neutral buoyancy.

Experimental design The study was conducted in the waters around the Bay of Alcudia (Fig. 1). Fishing vessels
were based in the harbour of Alcudia, Mallorca (39°50°39""'N — 003°08°25”’E) and made daily fishing trips. A first
survey was conducted between October-November 2000 during the red mullet (Mullus surmuletus) fishing season.
This fish is considered a main prey of bottlenose dolphins. A second survey took place in February-March 2001
during the fishing season of the cuttlefish (Sepia officinalis). This species is not believed to be an important prey for
dolphins although they are attracted to the gear by the presence of other fish species that are secondary targets of the
gear. Table 1 shows the characteristics of gear type and fishing practices.

Pingers were attached at the float line of trammel nets every 150 metres. In this way, no part of the net was more
than 75 m away from a pinger. Thus, 20 pingers were used for 3000 metres of net. To avoid the influence of
fishermen on the outcome of the experiment, we included a control set of nets that were equipped with pingers that
were not functioning. The crew of the fishing vessels did not know which of the sets of pingers was operating and
which was only fake. In addition, a third set of nets without pingers was used as a non-pinger control group.

To establish the effectiveness of pingers, the following variables were controlled:
1.- Catches of targeted species

2.- Occurrence of new holes and damage to the nets after fishing operations
3.-Dolphin sightings around the nets

All participating boats had an independent observer on board for the duration of the study. These observers were the
only persons in charge of attachment and replacement of pingers, and the collecting of information on location of net
sets and resulting catches.

Back in the harbour, observers counted and marked each new hole and/or other damage on randomly selected 250
metres of net from each monitored boat .

In order to obtain more information on the occurrence of dolphin predation on nets in vessels without observers on
board, a boat with two researchers patrolled the bay of Alcudia while fishing operations were carried out. Whenever
a dolphin interaction took place, the fishermen involved communicated this information via VHF to the patrolling
boat. This allowed researchers to reach the site of the interaction in a few minutes.

RESULTS Both studies were planned in co-ordination with fishermen, selecting periods when interaction with

dolphins appeared to be more frequent. Nonetheless, although sightings of dolphins were common, observations of
dolphins catching entangled fish were exceptional.
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Table 2 shows the total effort and kilometres of net monitored for each of the two campaigns.

Red mullet study
1.- Figure 2 shows the catch of target species (kg of red mullet/50 meters of net) for each net. Although it initially

appears that nets equipped with active pingers catch fewer fish, the differences were not significant (p=0.09).

2.- No significant differences were observed (p=0.08) in the count of new holes larger than 20 cm after each fishing
set (Fig. 3). Average number of new holes in each stretch (50 m) ranged from 2-6, resulting in 120 to 360 for the
total of 3000 m of net set. A total of 407 new holes bigger than 20 cm were counted in the 1400 metres of net
monitored by the three boats.

3.- During the 28 observed fishing operations, dolphins were observed feeding on the nets on only one occasion.
This happened in a net equipped with non-functional pingers.

Cuttlefish study
1.- Figure 4 shows the average catch of cuttlefish per stretch of net. No significant differences were observed

between the three kinds of sets (p=0.42).

2.- An average of 1.9+2.1 (range 0-7) holes per 50m of net was observed (Fig. 5). Although nets equipped with
functional pingers presented a higher average, no significant differences (p=0.12) were observed with the other two
groups of nets. A total of 33 new holes larger than 20 cm were counted in the 750 metres of net monitored for the
three boats.

3.- No dolphins were observed during the time that the nets remained at sea in any of the 45 fishing operations
monitored.

CONCLUSIONS Results of these first trials indicate that:

* Pingers have no significant effect on the catch of targeted species, neither on those that constitute dolphin
prey (red mullet) nor on non-target species (cuttlefish). Pingers may be considered as a passive element in
the fishing gear.

* Because no dolphins were sighted feeding on the fish and, according to the fishermen, dolphins did not
predate nets during the trials, the new holes that appeared in the periodic counts cannot be related to dolphin
interaction but were probably produced during the setting and hauling of nets.

*  Fishermen were not consistent in the identification of new holes caused by dolphin interactions nor in the
origin of the half-bitten fish that remained entangled in the nets. Therefore, it is necessary to develop a
methodology that permits the assessment of interaction with nets without having to use indirect techniques
such as the counting of holes or the weighing of the catch.

*  Further research is needed to evaluate the amount of damage caused to the nets by dolphins. The
population size of bottlenose dolphins in the area, and, in particular, of those predating upon the nets,
should be determined to assess the potential impact of incidental catches and deliberate kills.

ACKNOWLEDGEMENTS This study would not have been possible without the collaboration of fishermen,
who readily accepted observers on board their vessels. We are also grateful to all the members of the fieldwork team
that participated in the collection of data, especially C. Bertran, J. Gonzalvo, M. Coll, M. Valls, C. Carreras and V.
Sempere. Special thanks are due to Toni Grau of the Conselleria d’ Agricultura i Pesca who assisted the research
team in the design of the surveys. This study was funded by Spain's Ministry of the Environment (Directorate of
Nature Conservation) and the Government of the Balearic Islands.
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Bay of Alcudia

Figure 1
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THE BOTTLENOSE DOLPHINS OF TEIGNMOUTH, ENGLAND:
A PILOT STUDY

Lissa Goodwin

Department of Biological Sciences, University of Plymouth, Plymouth, UK

The primary aim of this project was to establish why there was a group of bottlenose dolphins (Tursiops truncatus)
entering Teignmouth bay, during the summer months. This was investigated by conducting a series of both land- and
boat-based watches during the period 5 " July - 29" August, 1999. A number of factors were investigated to establish
the reasons why; these included monitoring of environmental variables, investigating any possible interactions with
boats, and considering the pressures imposed by the local fishing industry. In addition, photo-ID was also conducted
to identify the individual members of the group.

Statistical analyses show that the dolphins’ movements do not vary according to the environmental factors. There
was, however, a highly significant relationship between the occurrence of dolphins and the numbers of boats in the
bay. Dolphin frequency was low when the numbers of boats was high. Although dolphins were often attracted to
boats (e.g. bow-riding), there were a few cases when dolphins were driven offshore by boat traffic. Analyses on the
behavioural observations demonstrate a significant relationship between the dolphins’ behaviour and both the type of
craft (motor or non-motor) and whether it was moving or stationary.

The occurrence of dolphins in the bay is explained by a combination of factors. The primary reason appears to be for
food, but social interaction and play are important factors, indicated by the frequent interactions with a disused wave
rider buoy. The main cause for concern, however, are negative interactions with boating craft, leading to disturbance
and potential injury. This area is highlighted for further research.
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EVIDENCE FOR AN ANGLO-SAXON DOLPHIN FISHERY IN THE NORTH SEA
J. S. Herman' and K. M. Dobney”

! Department of Geology and Zoology, National Museums of Scotland, Chambers Street,
Edinburgh EHI 1JF, UK (e-mail:<j.herman@nms.ac.uk>)
’Department of Archaeology, University of Durham, South Road, Durham DHI 3LE, UK

INTRODUCTION Documentary evidence shows that cetacean fisheries were active in North-west Europe
from as early as the 9™ century AD, particularly along the western coasts from Biscay to Flanders (Tardif, 1866;
Fischer, 1881; Lestocquoy, 1948; Musset, 1964; Gardiner, 1997). For example, in AD 832, the Parisian Abbey of St
Denis had a fishery on the Cotentin peninsula in Normandy for catching crassi pisces - porpoises or whales (Tardif,
1866). By contrast, existing evidence for such fisheries in the British Isles before the 11" century AD is far less
convincing (Gardiner, 1997).

Excavation of a high status Anglo-Saxon settlement (dated between the 7 .10 ® centuries AD) at Flixborough, close
to the Humber Estuary in eastern England, yielded a huge quantity of vertebrate remains. More than 50,000
identifiable fragments of mammals, birds, and fish were present, including the largest archaeological sample of
cetacean tooth and bone fragments yet found in Britain. Analysis of these remains provided a unique opportunity to
examine how the animals were obtained and utilised.

RESULTS AND DISCUSSION

Species present  Almost all of the remains are from a single species, the bottlenose dolphin (Tursiops truncatus)
(Fig. 1). They are found throughout deposits in all phases of the excavation, indicating that they were exploited over
the entire sequence of occupation at the site, from the late 7 or early 8% to the late 10™ century AD (Table 1). The
only other species that were identified from the site are the minke whale (Balaenoptera acutorostrata) and a
fragment that may be from pilot whale (Globicephala melas) or killer whale (Orcinus orca). Unlike the dolphin
remains, those of these larger species are few in number and do not appear in the assemblage until the 9™ century
(period 4-5b).

Butchery  Most of the skeletal fragments are from skull, mandible, ribs, dorsal and lumbar vertebrae (Fig. 2). Few
cervical and no posterior caudal vertebrae are present in the assemblage; neither are there any bones from the
flippers. The postcranial elements are those associated with the main muscle blocks and meat was evidently the
primary objective, while the presence of cranial fragments may indicate that these animals were also utilised for their
oil, substantial quantities of which are found in the head and in the lower jaw.

Evidence of butchery, in the form of cuts and chop marks, is present on many of the bone remains (Fig. 3).
Transverse cuts across the spinal column are consistent with the separation of the dolphin carcasses into manageable
pieces, for transport from the coast to the site. Other marks are consistent with the removal of the main muscle
blocks associated with the spinal column and ribs, and in one case the removal of the oil-bearing tissue from the
skull. It appears that only the most useful parts were brought to the site where meat and oil-bearing tissue was then
removed.

A fragment from the rostrum of a minke whale is intriguing and may reflect an early example of the use of baleen,
which is of course associated with the upper jaws. The presence and butchery of a minke whale squamosal bone is
almost certainly associated with the separation of the skull from the mandible. This may have been done to facilitate
transport of the skull. However, it is also possible that it remained attached to the large tongue which was highly
prized.

Stranding or hunting? The exploitation of cetaceans at Flixborough was clearly systematic, involving the
selective use of the more valuable parts of the animals, which were almost all of one species. But were the bottlenose
dolphins at Flixborough actively hunted, by driving them ashore, netting or harpooning, as they have been in
numerous fisheries around the world in recent times (Mitchell, 1975), or were the remains from naturally stranded
animals which had been opportunistically scavenged?

Figure 4 shows the proportion of all stranded animals from the North Sea coast of Britain (Caithness to Straits of
Dover, not Northern Isles) for the four species most commonly recorded in the published reports (Harmer, 1927
Fraser, 1934, 1946, 1953, 1974; Sheldrick, 1989; Sheldrick et al., 1994). There is a significantly higher frequency of
porpoise strandings in all decades, and a higher overall frequency of white-beaked dolphin strandings than of
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bottlenose dolphin or minke whale strandings. If we assume that the North Sea cetacean fauna has not changed
markedly between the 10" and 20" centuries AD, then we might expect a close correspondence between the species
represented in the Flixborough assemblage and the stranding records, if the remains were mainly or exclusively from
stranded animals.

This is clearly not the case. Why are there so many bottlenose dolphins, but no porpoises, which would surely have
been more plentiful, nor any white-beaked dolphins? Of the four species mentioned, harbour porpoises, bottlenose
dolphins and minke whales frequently venture close inshore and even into estuaries (Evans, 1991; Watson, 1981;
Jefferson et al, 1993), where they might fall prey to an inshore fishery. However, bottlenose dolphins and minke

whales are larger, more conspicuous, and more easily approached by boats than are porpoises which perhaps
explains why they were selectively targeted.

Age and size profiles The bottlenose dolphin remains are nearly all from animals which were adult or
approaching adult size, estimated as 275-350 centimetres in length, and some are slightly larger than any of our
modern comparative specimens from waters around the British Isles (Fig. 5). The focus on adult dolphins and those
approaching adult size strongly suggests the selective hunting of larger animals, with harpooning the most likely
method - given that netting or driving would capture animals of all ages indiscriminately.

The low frequency of minke whale remains, compared to those from bottlenose dolphins, does not necessarily
indicate that minke whales were rarely exploited during Saxon times. The few fragments from minke whales are all
from juvenile animals, estimated to be about 450 centimetres in length, but larger animals may have been flensed
where they were beached and the heavy skeletal parts left behind.

Evidence of possible over-exploitation The stranding records also show that bottlenose dolphins have rarely
been recorded near the Humber estuary since 1913. However, these records from the eastern coast of Britain indicate
that there have been periodic changes to the distribution of bottlenose dolphins within the North Sea, as has likewise
been noted from Denmark (Kinze, 1995). Although the species is now concentrated off the western coasts of the
British Isles and in the Moray Firth, the remains from Flixborough clearly show that bottlenose dolphins were
present around the Humber estuary during the 7% 10 10® centuries AD. The presence of bottlenose dolphins in an
area that they do not currently frequent may of course be due to natural fluctuations in their distribution, but an
alternative and intriguing possibility is raised by consideration of the relative frequency of cetacean bones in the
Flixborough assemblage (Fig. 6).

On the basis of these data, an increase in the importance of cetaceans could be argued for the later periods of
occupation at Flixborough. Does this reflect an intensification of hunting of bottlenose dolphins, which eventually
led to the extinction of the resident population? It has been suggested that the zenith of whale hunting further south
in the English Channel took place a little later, during the 11" and early years of the 12" century AD (Musset, 1964).
Increasingly intensive exploitation of the Humber bottlenose dolphins during the Saxon period may have led to their
eventual demise from the region during the subsequent high mediaeval period.

CONCLUSIONS The data from Flixborough provide the first reliable evidence for the systematic
exploitation of dolphins and whales by an indigenous fishery in the British Isles. It was established at least by the
Jate 7" century AD and significantly pre-dates the high mediaeval period when cetacean exploitation and
consumption, by high status members of society, is traditionally held to have begun. It appears to have focused
almost exclusively upon a resident population of bottlenose dolphins that was present in or around the Humber
estuary at that time, and the fishery may even have played a part in the extinction of the species from local waters.
Through the study of modern and ancient DNA sequences, these unique remains will be used to compare the genetic
diversity of extant and ancient populations. This will allow us to explore the origins and diversity of currently
threatened populations of bottlenose dolphins around the British Isles.

ACKNOWLEDGEMENTS Deborah Jaques and Cluny Johnstone (Department of Biology, University of
York) analysed the vast vertebrate assemblage from Flixborough, Chris Loveluck (Department of Archaeology,
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Table 1. Cetacean remains from each excavation phase, identified by comparison with recent specimens.

Phase 2-3a 3b 4-5b 6 6iii
T. truncatus ++ ++ ++ ++ ++
B. acutorostrata + + +
Globicephala/Orcinus +

Phase 2-3a - late 7"-early 8" centuries AD, phase 3b - mid-late 8" century AD, phase 4-5b - 9™ century AD,
phase 6 - 10" century AD, phase 6iii - late 10™-early 11" centuries AD.

+ = <10 fragments, ++ = >10 fragments, fragments matching Tursiops, but possibly from other species of
similar size, have been included

Fig. 1. Bottlenose dolphin remains from Flixborough. a - first rib, showing butchery marks. b - sternum. c - ribs.
d - lumbar vertebrae, posterior chopped vertically through centrum. e - scapula. f and g - premaxillae/maxillae.
h - teeth. i - mandible

Fig. 2. Skeletal elements present in the dolphin remains
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Fig. 3. Position and direction of cut and chop marks on the dolphin remains
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MERCURY BIOLOGICAL HALF-LIVES IN MARINE MAMMALS
OVERESTIMATED BY A FACTOR 10 TO 20

L. Holsbeek and C. Joiris

Laboratory for Ecotoxicology, Free University Brussels, Belgium (VUB)

For more than two decades, mercury biological half-lives in marine mammals were widely accepted to range
between 500 days and 1,000 days. These figures were based on a methyl203Hg radio-isotope labelling experiment
on live harp seal Phoca groenlandica and on whole body Hg to age calculations on a series of bycaught striped
dolphins Stenella coeruleoalba.. A major amount of marine mammal daily methylmercury intake through food is,
however, eventually found as detoxified tiemannite (HgSe) granules in liver and other organs, thereby losing its
toxicological significance, but also largely influencing overall half-life calculations. Along the idea of irreversible
storage, tiemannite has no biological half-life as such, and will force a total mercury based half-life calculation to the
previously reported figures.

A re-evaluation of the biological half-life on the basis of methylmercury intake in a multi-compartment uptake-
excretion model brings the mercury biological half-life down to an average of 50 days. Data fit with actual data
series for MeHg intake and Hg and MeHg accumulation patterns in southern North Sea harbour porpoise Phocoena
phocoena. The methylmercury biological half-life in marine mammals therefore seems to be of the same order as
reported in man

SEASONAL DISTRIBUTION AND ABUNDANCE OF CETACEANS
OFF THE WEST COAST OF IRELAND

M. Mackey', O. O’Cadhla’, N. Aguilar de Soto', T. Kelly?, E. Rogan2, and N. Connolly'

I'Coastal Resources Centre, University College, Cork, Ireland
?Department of Zoology and Animal Ecology, Lee Maltings, University College, Cork, Ireland

The limited amount of research west of Ireland has indicated that the continental shelf and slope, as well as the deep
abyssal plain provide important habitats for many cetaceans, including species that are highly vulnerable or rare.
The study area for the current project includes all three habitat types and encompasses the offshore waters to the
south-west and west of Ireland, stretching south from the Goban Spur to the Porcupine Seabight, Rockall Trough and
west to the Hatton and Rockall Troughs. The primary objective of the study was to identify major concentrations of
cetaceans in these waters and evaluate seasonal trends in their abundance and distribution using visual and acoustic
monitoring techniques.

Between July 1999 and January 2001 ship-based surveys were conducted, primarily on vessels of opportunity (e.g.
research vessels, fishery protection vessels, ferries). Full surveys were possible when the vessel was holding a
steady course and travelling at a relatively constant speed. A total of 284 person-days were spent at sea, most of
which (181 person-days) were during the summer/autumn months (May—October).

A total of 1,253 individual cetaceans of 15 species have been recorded on effort during the project’s first 19 months.
Four species of mysticetes and 11 odontocete species have been identified in 167 encounters to date. The most
commonly encountered species were common dolphins (Delphinus delphis), harbour porpoises (Phocoena
phocoena), long-finned pilot whales (Globicephala melas) and Atlantic white-sided dolphins (Lagenorhynchus
acutus). Limited habitat association patterns were noted for certain species, including long-finned pilot whales,
harbour porpoises, and minke whales (Balaenoptera acutorostrata). An individual sighting of note was that of the
extremely rare northern right whale (Eubalaena glacialis) over the Hatton Bank during May 2000.
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A THEORETICAL MODEL TO EVALUATE THE RISK TO ORGANOCHLORINE COMPOUNDS (OCS)

IN MEDITERRANEAN STRIPED DOLPHIN (STENELLA COERULEOALBA)
L. Marsili', A. D’ Agostino®, G. Neri', and M. C. Fossi’

! Dip. Scienze Ambientali, University of Siena, Via Mattioli 4, 53100 Siena, Italy
% Dip. Metodi Quantitativi, University of Siena, P.zza S. Francesco 8, 53100 Siena, Italy
? Dip. Biologia Animale ed Ecologia Marina, University of Messina, Messina, Italy

Many studies document the chemical stress related to organochlorine xenobiotics in stranded and free-ranging
Mediterranean cetaceans, but there does not exist a statistical evaluation of the real risk of these compounds to
the marine mammals. Collecting ecotoxicological data on cetaceans is important for several reasons. First,
cetaceans have no sweat/sebaceous glands nor gills, so they are relatively closed systems. Besides acting as a
thermal barrier and an energy reserve, blubber isolates the skin from the rest of the body, which in turn reduces
any exchange between the two. Fat-soluble contaminants usually build up in blubber, which is metabolised only
during illness, pregnancy, lactation, migration or food scarcity; the stored contaminants are mobilised along
with fat reserves. The largely teuthophagous striped dolphin (Stenella coeruleoalba) is known to accumulate in
its blubber, very high levels of liphophilic substances such as organochlorine compounds (OCs).

The aim of this study was to establish a theoretical model to evaluate the risk of HCB, DDTs and PCB
congeners, in specimens of Mediterranean striped dolphins. Using a mathematical formula resulting from the
knowledge of the length and age of 62 stranded specimens, it was possible to estimate the age of the striped
dolphins, fixing physical maturity at ten years. Afterwards, all individuals are considered as adult. This
valuation was very important for the discussion of possible differences in contaminant burden between males
and females.

The differences in OC levels in the blubber from stranded and free-ranging specimens allow us to assess the risk
of different chlorinated xenobiotics in this species of Mediterranean cetaceans, taking the living population as a
control sample, and considering these animals to be in good health. For the highest toxic compounds, with
teratogenic, mutagenic, carcinogenic and estrogenic capacity, the level beyond which there can be toxicological
risk for the striped dolphin is indicated.
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RISSO'S DOLPHIN HARASSMENT BY PLEASURE BOATERS
OFF THE ISLAND OF ISCHIA, CENTRAL MEDITERRANEAN SEA

A. Mira.gliuolo', B. Mussi', and G. Bearzi’

IStudioMare, via D'Abundo 82, 80075 Forio d'Ischia (Napoli), Italy
*Tethys Research Institute, Viale G.B. Gadio 2, 20121 Milano, Italy

INTRODUCTION Since 1991, a long-term study on the cetacean fauna off the island of Ischia has been
conducted by Studiomare. The geomorphology of the study area, including productive subrnarine canyons, seems to
play a role in the nearshore abundance of cetaceans - possibly attracted by local prey availability. Risso's dolphin,
Grampus griseus, striped dolphin, Stenella coeruleoalba, common dolphins, Delphinus delphis and bottlenose
dolphins, Tursiops truncatus, are seasonally present in these waters, used as a feeding and breeding ground (Mussi ef
al., 2001). The area is also used as a feeding ground by fin whales, Balaenoptera physalus (Mussi et al., 1999).
Risso's dolphins appeared to be seasonally “resident” and were regularly re-sighted nearshore, based on photo-
identification data collected between 1998-2000.

THE HARASSMENT EVENT  An example of the impact of pleasure boating on cetaceans is presented to
highlight the disruptive potential of unregulated human-dolphin interactions in the Mediterranean Sea. The
observation took place near the Cuma submarine canyon.

On Sunday 27 August, at about 10:00 h, dolphins were sighted by pleasure fishermen 0.7 miles off the southern coast
of Ischia. The Risso's dolphin group included 16 adults and 3 calves and was apparently travelling above the 300m-
depth contour. By 11:00 h, a number of pleasure boats had joined the travelling group of dolphins. The number of
boats kept increasing (Fig. 1). At 12:00 h, the Harbour Master's office was alerted, and its officers contacted
StudioMare members to prevent harm to the animals. By means of the Harbour Master's inflatable we reached the
group at about 13:00 h. By that time, the animals had moved to the northern side of the island, thus managing to
cross and "survive" the heavy traffic of speedboats and hydrofoils that connects the port of Ischia with the nearby
city of Naples.

StudioMare members found the Risso's dolphin group in Lacco Ameno, a large enclosure and popular beach where
about 400 boats were randomly anchored. The dolphins were surrounded by over 100 other boats with their engines
turned on. All these boats kept harassing the animals by heading towards them at high speed every time they
surfaced (Fig. 2), with sudden changes of route and continuous attempts to approach the animals at close quarters
apparently in order to take pictures or “interact” with them. The animals were increasingly "penned" by the boats
into the enclosure, and ended up on a sea bottom that was only 3 m deep (F ig. 3). By this time, all group members
showed clear signs of distress and seemed to be unable to orientate. They swam erratically at high speed, with no
directionality, often colliding with each other. One of the calves observed in the group was seen spinning and
swimming in circles, apart from the others.

"Breachings", "surfings", "tail slaps”, "head stands" and "spy hops" were repeatedly performed by several adult
individuals. Inter-blow intervals were relatively short (about 60 sec). As StudioMare members tried to prevent a
mass stranding by placing the inflatable boat between the animals and the beach, the group responded by splitting in
two tight subgroups, one of which included the calves.

None of the pleasure boaters appeared to realise what was really going on: they all seemed to be excited to see the
animals at close quarters.

THE "RESCUE" Through a two-hour effort, StudioMare members finally managed to create an area clear
of pleasure boats. As soon as the "opening" was about 400 m wide, the animals associated in a single tight group,
and slowly started heading offshore (Fig. 4). The group was "escorted" at a distance while it moved into safer waters.
At 16:00 h, the observations were stopped due to unfavourable sea conditions.

DISCUSSION  The occurrence of this kind of dramatic human-dolphin interaction is becoming everyday routine
in the busy summer months. On the day preceding the reported observation, a disoriented and distressed lone Risso's
dolphin calf was found in the harbour of Mergellina (Naples). Moreover, the day after the reported observation, we
found a freshly dead striped dolphin calf with the skull opened wide by a propeller strike. He was an 80cm long
male.
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Interestingly, national newspapers and television often provide quite a different picture to the wide public. Regarding
the Risso's dolphin event, the news reported the dolphins enjoying a "summer party" in the coastal waters of the
island. Timely management measures to protect and conserve cetaceans in this key area are clearly needed.

ACKNOWLEDGEMENTS Many thanks to Ischia Island Harbour Master and to the photographer Enzo
Rando.
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Fig. 1. Risso’s dolphins followed by pleasure boaters

Fig. 2. Al the boats kept harassing the animals by heading towards them at high speed every time they surfaced
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Fig. 3. The animals were increasingly “penned” by the boats into the enclosed bay

Fig. 4. As soon as the “opening” between the boats was about 400 m wide,
the animals slowly started to head offshore
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CETACEAN INTERACTION WITH SMALL SCALE COASTAL FISHERIES: IMPLICATIONS FOR
CONSERVATION AND DAMAGE LIMITATION IN THE NORTHERN AEGEAN, GREECE

S. Mitra', E. Koutrakis?, T. Clark’, and C. Milani’
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[NTRODUCTION: THE PROBLEM OF DOLPHIN DAMAGE Damage to the nets of small-scale coastal
fishermen caused by cetaceans in the Mediterranean is reaching endemic proportions (Wurtz et al., 1992, Silvani et
al., 1992). The estimated cost of such damage runs into tens and probably into thousands of Euros annually.

For most coastal areas of Southern Europe, aside from tourism, small-scale coastal fisheries play a highly significant
role in the local economies. These fisheries not only maintain a particular and specific culture, but also sustain a
whole industry, including dock workers and market traders. Therefore, problematic marine mammal and small-scale
coastal fishery interactions continue to pose not just ecological concerns, but serious social and economic problems

as well.

The nature and scale of problematic interaction is not consistent across either the geographical area or individual
species. In the Northern Aegean Sea, severe gill and trammel net damage is reported on a daily basis. Specifically
the problem is that dolphins attack the fish caught in the nets, resulting in net destruction. As a consequence of this
reported increase in interaction, for cetaceans it is not so much the risk of bycatch as in other areas, but rather of the
fishermen attacking the dolphins directly and specifically.

AIMS AND METHODOLOGY OF THE STUDY Currently, while there have been a trickle of
population and behavioural studies on individual marine mammal species (Frantzis, 1996, Marini ef al., 1995a),
almost nothing has been done regarding problematic interaction. In essence, it was felt that an approach to a ‘joined
up’ problem had never been taken in a ‘joined up” way. Therefore, the broad aim of this study was to establish a
preliminary investigation encompassing the welfare of both small-scale coastal fisheries as well as local cetacean
populations. Substantially then, the study attempted to explore the nature and scale of dolphin damage to coastal
fisheries and, where possible, make preliminary recommendations for management that could both reduce damage
frequency and help secure cetacean populations.

The study was undertaken in cooperation with the Hellenic Fisheries Research Institute. This was operated over the
period 1/7 to 1/9, 2000 at the Gulf of Kavala in the Northern Aegean. Data was captured using daily structured
questionnaires with a group of 12 boats. In particular, questions were designed not only to assess the nature and
extent of dolphin damage sustained, but also to establish the cause of damage, since this should properly determine
appropriate management strategies. Fishermen were shown illustrated cards with which they were able to identify the
different dolphin species.

Popular conceptions among fishermen and, indeed, other studies (Marini ef al., 1995b) theorise damage as simply a
result of dolphins taking an ‘easy option’. However, this has not been sufficiently nor rigorously established and at
Jeast two other explanations can be put forward. For example, it remains unknown if age is a significant factor, for
old dolphins finding hunting an increasing struggle, fishermen’s nets may represent the only viable food source.
Alternatively, or perhaps additionally, it could be that fish stocks are so low that dolphins have little choice but to
compete with fishermen for the same stock.

Due to the limited resources available and the preliminary nature of the study, the data gathered were based around
two explanations, ‘Dolphin Delinquency’ and “What, no fish?’. These attempted to explore the extent to which
dolphins deliberately and specifically attack fishermen’s nets, and the extent to which low fish stocks may be
responsible.

RESULTS FROM THE ‘DOLPHIN DELINQUENCY’ HYPOTHESIS This hypothesises that dolphins’
motivation for attacking nets is because those fisheries offer an easy target. In other words, cetaceans are targeting
the fisheries directly and specifically.

The results, shown in Figure 1, found overwhelmingly that the main culprit was the coastal bottlenose dolphin
(Tursiops truncatus). Damage reported for the two pelagic species was virtually negligible.
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Observed and reported activities for bottlenose dolphins (Tursiops truncatus) are shown in Figure 2. Almost half of
all activity witnessed was spent feeding from fishermen’s nets; this compared with 0% observed feeding from nets
(the 0% is expresssed as ‘Resting’ in Fig. 2) for both pelagic species (striped dolphin Stenella coeruleoalba and
short-beaked common dolphin Delphinus delphis).

Total damage inflicted was correlated by catch type (i.e. the species targeted by the net used) to establish whether or
not specific species were being targeted by dolphins. The results, which can be seen in Figure 3, showed a strong
correlation with red mullet (Mullus surmuletus), a known prey of the bottlenose dolphin. Prawn (Peneus kerathurus)
is not known as a favoured prey, but there was a high catch of pilchard (Sardina pilchardus), which is a known prey.
It is worth mentioning that the fish heads were mostly left uneaten in the damaged net, and thus the identification of
the targeted species was possible.

A final remark concerns the comparison of the total damage inflicted to gill nets, when compared with the total
damage inflicted to the trammel nets, shown in Figure 4. It is evident that most of the damage occurred in trammel
nets, which represented the majority of nets surveyed at the time of the study, and so may have affected the outcome
of this comparison.

Overall, results were insufficient to confidently establish whether or not these cetacean species attack nets due to
ready availability or greed. However, pelagic dolphin species do not appear to target these small-scale coastal
fisheries.

Results for bottlenose dolphins suggested otherwise. Certainly they are responsible for the vast majority of the
damage, and do appear to be targeting specific fish species. However, motivation remains unclear, since attacks can
still be reasonably explained by the ‘What, no fish?’ hypothesis, and the theory of old dolphins being mainly
responsible.

RESULTS FROM THE ‘WHAT, NO FISH?” HYPOTHESIS This hypothesis was based around the fact
that small-scale coastal fisheries and cetaceans exploit the same resources. Continued human expansion and
developing fishing technology could mean that fish stocks are so low that dolphin attacks are motivated by
desperation. Unfortunately, there are no data readily available for general fish stocks in the area, and therefore we
have attempted to collect circumstantial evidence.

Figure 5 shows the type and incidence of use of counter-measures reported by fishermen. With the exception of
shooting, all counter-measures were reported as completely ineffective.

The most remarkable findings are displayed in Figure 6. Results show a clear trend, suggesting dolphins are
reluctant to feed around humans. Seventy five percent of all attacks took place when only a single caster was present
in the area, with no other human presence in the vicinity. While bottlenose dolphins were shown to target certain
species, they do not appear to target fishermen directly or specifically.

Overall, results were insufficient to confidently establish whether or not fish stocks were so low as to cause dolphin
desperation and motivate attacks. However, the evidence gathered is persuasive, and although it does suggest
dolphins targeting particular fish species, it is difficult to sustain the ‘Dolphin Delinquency’ theory.

The fact that the bottlenose dolphin is the main culprit is also to be expected under conditions of ‘What, no fish?”.
Small-scale coastal fisheries are in direct competition with coastal cetaceans. Finally, we must conclude that the
bottlenose dolphins are targeting prey which they would normally hunt, and actively avoid human contact.

A useful indicator would have been a time series comparison of the amount of fish landed over a sufficient period (a
decade or more). Unfortunately, official figures on tax returns from annual landings are somewhat unreliable.
Certainly, fishing fleet numbers have remained the same with no new licences being issued, following a 10-year
freeze by the European Union.

CONCLUSIONS: PRELIMINARY MANAGEMENT RECOMMENDATIONS Even though the study was
preliminary, results were sufficient that some preliminary strategies to reduce problematic interaction could be
suggested.

Establishing dolphin motivation for attacking small-scale coastal fisheries is crucial, since the cause will ultimately
determine appropriate management strategies. If ‘Dolphin Delinquency’ is proved, then the solution lies with
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changing or preventing dolphin behaviour. If ‘What, no fish?’ is proved, then the solution rests with human
exploitation of marine resources becoming sustainable. It is possible that the problem involves a combination of the
hypotheses. While this study was unable to prove either hypothesis conclusively, it can offer three practical
suggestions aimed at reducing damage and securing cetacean populations.

Fishing in groups of two or more: Results showed damage could be drastically reduced, as dolphins tend to avoid
groups. Such a strategy costs nothing, an important consideration for small-scale coastal fisheries, and it could be

implemented immediately.

The elimination of illegal mesh size: The use of small (as well as illegal) mesh size (18 mm) for prawn catches was
widely observed and resulted in substantial levels of pilchard bycatch, which is a favourite prey for bottlenose
dolphins. The use of larger mesh size would reduce bycatch and present a less appetising target, even if, according
to the fishermen, less prawns will be captured. This measure also would cost nothing to implement, while being

highly effective.

A reduction in shared catch type: This is unlikely to prove a popular solution, but since the results did suggest that
bottlenose dolphins do target the same fish species, reducing competition for the same targets could help reduce
damage. A slow-down in fishing for certain species may also allow fish stocks to recover.

Correctly establishing the balance of factors leading to dolphin induced damage is absolutely vital since,
fundamentally, the different factors suggest radically different strategies. Whilst the preliminary study was able to
confidently establish that coastal dolphins target the same resources, many questions remained unanswered regarding
the explanation for this. In particular, it is crucial that, besides the study of the dolphin populations, more work is
done to ascertain the level of fish stocks, not only to help settle the question of dolphin damage, but also for the
continued sustainability of small-scale coastal fishing. Specifically regarding the question of dolphin damage,
further work using photo-identification techniques should go a long way to uncovering the theory that dolphin
damage is caused by elderly/ specific individuals.

The scale of such further work should include the entire Mediterranean, especially since cetacean interaction is not
consistent and varies according to environmental conditions. Fish stocks are an altogether more serious problem,
potentially for both cetaceans and people. Therefore, work to develop more accurate appraisals of fish stocks should
rightly encompass all European sea territories.
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CONSERVATION POLICIES FROM A REGIONAL TO A NATIONAL APPROACH: THE
FORMULATION OF THE ITALIAN ACTION PLAN FOR THE CONSERVATION OF CETACEANS

G. Mo', G. Notarbartolo di Sciara', G. Bearzi’, and B. Cozzi’

! ICRAM, Via di Casalotti 300, 00166 Roma, Italy
',Telhys Research Institute, Viale G.B. Gadio 2, 20124 Milano, Italy
?Dipartimento di Scienze Zootecniche, Universita di Padova, Strada Romea 16, 35020 Agripolis-Legnaro (PD), Italy

The conservation of wild living resources is a principle that has recently entered into the environmental policy of
many countries, as a result of dramatic changes of attitude towards the need to preserve the natural environment. An
Italian National Action Plan for the conservation of cetaceans was formulated by ICRAM and submitted to the
Ministry of the Environment, Marine Protection Service, to support national compliance with the standing regional
directives, and, in particular, the Protocol of the Barcelona Convention on Specially Protected Areas and Biological
Diversity, which recently entered into force.

The Plan is composed of two parts: 1) priority activities to be carried out within the triennium 2001-2003, and 2) a
detailed review on the conservation status of the most common Mediterranean cetaceans, and an analysis of the
reported or potential threats faced by the animals.

The plan identifies 22 actions having high priority levels, which fall within the following domains: a) conservation
actions within marine protected areas; b) eco-toxicology and population studies on free-ranging cetaceans; c)
research on stranded cetaceans; d) mitigation of negative cetacean-fisheries interactions; €) establishment of cetacean
information centres; f) creation of data and tissue banks; and g) capacity building and professional training. Each
action is described with reference to the issues raised in the second part of the Plan in order to highlight the
conservation priorities and consider each case in context. Guidelines are provided on the best methodological
approach and timetables are defined for each activity. Measures for gauging the progress of the National Action
Plan over the course and at the end of the three-year period are indicated.
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THE SUBMARINE CANYON OF CUMA (SOUTHERN TYRRHENIAN SEA, ITALY),
A CETACEAN KEY AREA TO PROTECT
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INTRODUCTION The waters off the island of Ischia (Gulf of Naples) have been monitored for a long-term
study on cetaceans since 1991 (Mussi et al., 1997, 1998). From 1997, the research focused in the area on the north
coast of the island, corresponding to the submarine canyon of Cuma (Pennetta et al., 1998), a particular habitat
characterised by a remarkable biodiversity and concentration of pelagic fauna (Mussi et al., 1999). The aim of this
work is to examine closely the distribution of the different species of cetaceans, with particular attention to the area
corresponding to the submarine canyon of Cuma (Fig. 1), in order to include this area (at least the more coastal part
of it) into the future perimeter of the marine protected area proposed by Italian Ministry of Environment, named
"Regno di Nettuno" (islands of Ischia, Procida and Vivara). Every summer, we could observe in the area large
groups of common (Delphinus delphis), striped (Stenella coeruleoalba), bottlenose (Tursiops truncatus) and Risso's
dolphins (Grampus griseus). Feeding and mating behaviours were observed for all species. Newborns were sighted
in July and August. The area is also used as a feeding ground by fin whales (Balaenoptera physalus), the most
common species in the canyon. During cetacean surveys in the area, the presence also of some pelagic fishes as
Mobula mobular, Thunnus sp., Xiphias gladius and sea birds as Calonectris diomedea, Puffinus puffinus and Larus
ridibundus, was noted. The analysis of fin whale faecal material revealed the presence of crustacean exoskeletons
belonging to the euphausiid Meganyctiphanes norvegica, a key species in the pelagic trophic web.

METHODS During the periods 09/07-31/08 (1997); 03/07-19/08 (1998); 20/03-10/05 (1999), the observations
occurred on board the "Barbarian", a 15 m sailboat equipped for underwater listening with towed hydrophones. From
20/06 to 30/08 (2000), following the wreck of the lab boat, the studies were continued on board of “Jean Gab”, a
17.7 m long cutter equipped, in addition to the previous system, with an underwater video camera fixed at the bow of
the boat. Audio and video signals were synchronouosly recorded with a BetaCam support. The routes were chosen to
optimise sightings, and were determined daily on the basis of previous sightings; particular attention was paid to
following the bottom topography and depth profiles. No trip was performed in conditions greater than sea state 5
(Beaufort). Shots were made using automatic cameras with objectives 70-200 mm/F2.8 zoom, films Kodak
Ektachrome 200 ASA, with exposure time less than 1/250 sec. Along with weather conditions (sea and wind),
distance from the coast and water depth were also recorded.

RESULTS 211 trips have been carried out, with 2970 nm covered, for a total amount of 197.6 hours of direct
observation, and 166 cetacean sightings. The most common species was fin whale with an amount of 66 sightings
(Table 1). In the studied area cetaceans reveal a coastal habit, the average depth of the sighting was 197 m (*128.2
SD, range 2.5-700), and the average distance from the nearest coast was 4.1 km (+2.9 SD; range 0.05-14.4).
Sightings were located on the bank of Forio, or mostly on the bathymetric lines of 200 and 300 m off the north coast
of Ischia. This area, corresponding to the promontory of the island defined by Punta Vico and Punta Cornacchia,
represents the most coastal part of the canyon of Cuma where a great concentration of cetaceans takes place. The
canyon of Cuma is a large deep submarine valley, which, starting from the areas close to Cuma and Ischia island,
reaches a maximum depth of 800 m between the islands of Ischia and Ventotene. This canyon represents a great
sedimentary basin for materials which are carried along the coast by Volturno and Garigliano rivers (Gulf of Gaeta);
the canyon increases the upwelling speed and acts also as conveying duct to the waters of the deep basin (De Pippo
et al., 2000). The shelf area of the Ischia island in front of the canyon is characterised by Posidonia oceanica (sea
grass) beds, rocky banks, and rocky cliff with coralline formations.

All species of odontocetes used the area of Cuma either as breeding or as feeding ground. In 27% of the sightings,
mating and socialising were recorded (Table 2). The abundance of food resources probably favours the weaning of
calves without wasting energy; in fact, in Cuma we had a high number of newborns in dolphin groups. The peak of
cetacean births (Table 3) corresponds to the period of maximum tourists crowding along the coast of Ischia, so
newborns have today to face a new threat constituted by the screws of the speed pleasure crafts. The presence of the
rare common dolphin with 38 sightings is also notable. The Mediterranean short-beaked common dolphin and its
habitat are today at risk because of the probable joint effect of high levels of pollution, accidental or deliberate
capture in fishing gear, decrease in resources because of over-fishing, intense sea traffic, and general degradation of
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the habitat. In the Cuma area, it was possible to observe periodically a large group of about 80 individuals of
common dolphin. Photo-identified individuals, re-sighted from 1997 to 2000, suggest that it is a unique group which
resorts to the utilising the area in the most favourable period.

CONCLUSIONS The submarine canyon of Cuma is a very important habitat close to the northern coast of
the Ischia island where a particular pelagic assemblage can be found. The constant presence of whales and dolphins,
pelagic fishes and marine birds is related to the geological and ecological characteristics of the area. The strong
impact of the boats on cetaceans is becoming an everyday routine especially in summer: distress and disorientation,
collisions (Fig. 2-3) and deaths by propeller strike (Fig. 4). Timely management measures to protect cetaceans in this
key area are clearly needed, regardless of its inclusion in the area proposed for the Marine Park.
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HUMAN-CETACEAN INTERACTIONS

Fig. 3: Traces of collisions remain on the bodies of the cetaceans under foxym of scars or cuts
on the back.

Fig. 4: A 80cm long striped dolphin with the skull wide opened by a propeller strike.
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APPROACHES TO MINIMISING PORPOISE ENTANGLEMENT
IN THE CELTIC SEA GILLNET FISHERY

S. Northridge', E. Rogan’, N. Tregenza®, and P. Hammond'

'SMRU, Gatty Marine Laboratory, University of St Andrews, St Andrews, Fife KY16 8LB, UK
“Dept. Zoology and Animal Ecology, University College, Cork, Ireland.
?Institute of Marine Studies, University of Plymouth, Drake Circus, Plymouth, PL4 844, UK

Porpoise mortalities in gill and tangle net fisheries in the Celtic Sea are thought to be unsustainable. At the request
of fishermens’ organisations, we established a trial to determine the efficacy of three possible bycatch reduction
methods.

We examined the use of pingers (dukane netmark 1000), floating headropes (megafloat) and closed areas, and
assessed their efficacy for bycatch reduction. Observers spent 160 days at sea, and monitored 418 strings of nets
being hauled, equivalent to 30,000 km hours of fishing effort. Approximately 40% of this fishing effort involved
strings of nets equipped with pingers.

One porpoise was observed entangled in pingered strings and 18 in unpingered strings. Among unpingered strings of
nets, 273 strings were equipped either in part or in full with floating headropes. Nets with floatropes accounted for
around 5,000 net km hours and were associated with 10 porpoise entanglements. Nets with traditional floats
accounted for around 10,000 km hours of fishing effort and were associated with six porpoise entanglements.
Bycatch locations showed very little distributional clumping.

We aggregated bycatch and effort into a grid of latitude and longitude cells and looked for areas that might be
candidate fishery closure zones in order to minimise bycatch. No such area could be found. We conclude that at the
present time, pingers are the only effective tool available for reducing porpoise bycatch in the Celtic Sea to levels
that are sustainable, according to criteria established by the International Whaling Commission and under the
Agreement for the conservation of Small Cetaceans of the Baltic and North Seas.
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INTERACTIONS BETWEEN SMALL CETACEANS AND ARTISANAL FISHERIES
OFF SAN JOSE, NORTHERN PERU

K. Ontén Silva

Peruvian Centre for Cetacean Research (CEPEC), Lima, Peru; e-mail: karina_onton@yahoo.es

INTRODUCTION Although the Peruvian Ministry of Fisheries (MIPE) outlawed the exploitation of small
cetaceans since 1990, reiterating this ban in a ministerial decree (No 3241-94-PE) in 1994, and with a law (Law No.
26585) in 1996, and taking stricter measures of enforcement, a high number of small cetaceans still die each year in
incidental and directed fisheries along the coast of Peru, and their meat continues to be sold and used for human
consumption (Van Waerebeek et al., 1994, 1997, 1999). Besides, the use of their meat and blubber as bait for the
shark fishery has increased (Van Waerebeek et al., 1999). In northern Peru, Burmeister’s porpoise (Phocoena
spinipinnis) represents the species most frequently captured (Van Waerebeek and Reyes, 1994; Van Waerebeek et
al., 1997, 1999). This may be a consequence of the type of fisheries (inshore artisanal fishing operations) and of the
coastal habits of the species (Reyes and Van Waerebeek, 1995). Regular monitoring of interactions between small
cetaceans and fisheries in Northern Peru has been carried out mostly at the fishing ports of Chimbote and Salaverry
by members of the Peruvian Centre for Cetacean Research-CEPEC (Van Waerebeek and Reyes, 1994; Van
Waerebeek ef al., 1997, 1999). The wharf of San Jose, among other ports from this region was monitored only
occasionally by CEPEC (Van Waerebeek and Reyes, 1994; Van Waerebeek ef al., 1994, 1997, 1999). According to
the Instituto del Mar del Peru (IMARPE), a governmental research institute, San Jose is characterised by the
continuous landings of small cetaceans (Arias-Schreiber, pers. comm.). The Burmeister’s porpoise is the most
frequently entangled cetacean at this wharf (Van Waerebeek and Reyes, 1994; Van Waerebeek ef al., 1994, 1997,
1999). With this in mind, a fishery observer scheme was implemented in 1997 in San Jose to monitor cetacean
bycatch by the artisanal fisheries, in an attempt to gather information necessary for population management of the
resource.

THE ARTISANAL FISHERY OF SAN JOSE

Located near the city of Chiclayo in Lambayeque (06° 46’S, 79° 58’W), the fishing community of San Jose
specialises in an artisanal inshore fishery directed mainly towards elasmobranch species (sharks and rays) and the
flounder (Paralichthys adspersus). The fishing gear mostly used is the multifilament nylon gillnet, locally called
‘cortinera’, and which receives different names according to the target species and the mesh size. The ‘clara’ has a
mesh size of 200-300 mm and is set to capture elasmobranch fish. The ‘menuda’ has a mesh size of 120-146 mm and
is directed towards large schooling fish such as ‘bonito’ (Sarda chiliensis) and “suco’ (Paralonchurus peruanus).
According to the fishing method, these cortineras can be a set cortinera, to capture demersal species such as rays
(eagle rays Mpyliobatis chilensis and M. peruvianus, guitarfish Rhinobatos planiceps, ‘basha’ Rhinoptera
steindachneri, etc), sharks (blue shark Prionace glauca, ‘tollo fino’ Mustelus mento, ‘tollo mama’ M. whitneyi, ‘tollo
manchado® Triakis maculatus, etc) and flounders; or drift cortinera, set for hammerhead sharks (Sphyrna zigaena)
and other pelagic species. The artisanal fleet includes small open boats (8-11 m) with a capacity of 8-11 tons. Their
number increases during the summer season (Castafieda, 1994).

MATERIALS AND METHODS The study period in San Jose lasted from August 1997 to May 1998.
Two different methodologies were combined: independent onboard observer schemes, and systematic port
interviews.

Independent on board observer schemes

One observer was placed on board cortinera boats selected at random to witness the fishing operations. The data
collected included the number of cetaceans by-caught by species, the characteristics of the fishing gear and methods,
as well as the fishing effort. It should be noted that the observers could not sample fishing trips continuously because
of limited funds. Fishermen were asked to bring incidentally taken animals to the port for biological examination
whenever possible.

Systematic port interviews

Systematic interviews of skippers and/or crews were carried out, to obtain a more complete overview of cetacean
mortality. Fishermen were interviewed daily when returning from sea, and asked for data on target species,
bycatches of marine mammals, as well as on the fishing effort and fishing gear used. Catch estimates were stratified
per month as in earlier studies (Read ef al., 1988; Van Waerebeek and Reyes, 1990). Monthly mortality rates
(bycatch/trip) were then compared to those obtained with the observer scheme methodology.
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RESULTS

Fishing effort 5% of the fishing effort, expressed as the number of trips per boat, was sampled (n = 1594). Two
species of small cetaceans, Burmeister’s porpoise and long-beaked common dolphin (Delphinus capensis) were
affected by entanglement with cortinera nets, targeting elasmobranchs, flounder, scianids, scombrids, carangids,
ariids, and pomadasyids. The animals had already died when the nets were retrieved on board. Other species affected
by the bycatch were green turtles (Chelonia mydas), olive ridley turtles (Lepidochelis olivacea), and hawksbill turtles
(Eretmochelys imbricata). The fishing areas preferred by the artisanal fleet of San Jose were: La Casa, Bodegones,
Palo Parado, Puerto Eten, Huaca Blanca, San Jose, Isla Lobos de Tierra, and Isla Lobos de Afuera. The total fishing
effort developed by the cortinera fleet of San Jose during the period of study is represented in Figures 1-3. The total
bycatch of small cetaceans per fishing effort during the study period was estimated at 640.26 + 495.06 small
cetaceans.

Fifteen small cetaceans were caught during onboard observations, of which 80% were Burmeister’s porpoise and
20% common dolphin (Fig. 4). During the interviews, 81% Burmeister’s porpoise and 19% common dolphin
captures were recorded (Fig. 5). Onboard observations and the results of the interviews showed a poor correlation
index (r* = 0.11). However in both cases, Burmeister’s porpoise represented the highest percentage of the cetacean
bycatch.

DISCUSSION  Until now, the scientific collection of data on cetacean exploitation in Peruvian fisheries had been
done by monitoring the takes at fish terminals, surveying beaches in the vicinity of wharves and harbour facilities as
well as near-by dumps for discarded skeletons, organs and scattered bones and, incidentally by interviewing
fishermen (Read ef al., 1988; Van Waerebeek and Reyes, 1990, 1994; Van Waerebeek et al., 1997, 1999). The
implementation of an onboard observer pilot programme to assess cetacean mortality in Peruvian artisanal fisheries
was the major goal of the present study. Northridge (1995) recommended to establish observer schemes in fisheries
suspected of having significant marine mammal bycatch. Van Waerebeek et al. (1999) stressed the need to develop
novel methods for monitoring cetacean takes due to difficult sampling conditions as a result of enhanced control by
port authorities in many fishing terminals.

The results of the present study showed that the Burmeister’s porpoise and the long-beaked common dolphin were
the species most affected by San Jose coastal fisheries, as a consequence of entanglement in multifilament nylon
gillnets. When the two methodologies used in this study were compared, the results could not be correlated, possibly
because of a bias in the data collected on board as a consequence of the observer presence during fishing activities
and inexperience in collecting data. Fishermen knew that captures of cetaceans are prohibited and may have hidden
the cetaceans during the interviews to avoid sanctions. Although the number of dolphin and porpoise bycatch seems
to be low, the total number may be much higher considering that only a small percentage of the fishing effort was
sampled due to limited funds, that the fishing effort of the flect may vary according to the season, and that there was
not enough control of the total number of the boats operating in the area. The data presented here suggested that the
mortality of small odontocetes was due to truly accidental entanglements in coastal gillnets. Concerns about the
impact of the extensive use of gillnets on coastal species of cetaceans have been expressed previously (Van
Waerebeek et al., 1997, 1999). Hence, onboard observation programmes should be continued along the central and
northern coast of Peru to further assess mortality rates of small cetaceans and marine turtles, species also affected by
the bycatch.
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Marine Mammals of IMARPE laboratory in Lima, for the help with funds and encouragement in field work. This
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AN INVESTIGATION OF ANTHROPOGENIC FACTORS AFFECTING SIGHTINGS
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INTRODUCTION The Durlston Marine Research Area (MRA), a voluntary marine nature reserve off the
coast of Dorset, southern England, has been the focus of a long-term and continuing study of bottlenose dolphins
Tursiops truncatus. The MRA, as defined for the purpose of this study, is the stretch of coastline ranging west of
Peveril Point to east of Anvil Point and to the far seaward horizon (Fig. 1). The coastal waters of southern England
are one of the more intensive shipping areas in the world for both commercial and leisure activities. The MRA, in
particular, is subject to heavy tourist pressure during the summer months. It is also adjacent to a major area of oil
exploration, Effective management of inshore waters for marine wildlife has necessitated the study of anthropogenic
factors influencing the MRA, The main sources of possible anthropogenic activity considered in this study are
commercial shipping (including a fast-ferry service), leisure boating and seismic testing. The aim of this study is to
conduct a screening analysis of the data available to determine whether further research is warranted into the
influence of anthropogenic factors on cetaceans within the MRA.

METHODOLOGY This study had focused upon quantified effort-related visual surveys, supplemented by
underwater acoustic studies and anthropogenic activity historical records. Photo-identification records have also
proved relevant. These data have been compared on a chronological base-line with 13 years of Bottlenose Dolphin
sighting data so as to assess any possible anthropogenic influences.

Sightings Study

A team of trained, experienced volunteers has conducted quantified effort visual surveys from the cliffs overlooking
the MRA. A core watch of 30 hours per week has been maintained since 1995 (Williams and Browning, 1998).
Opportunistic sightings, from the whole of the Dorset coast and to a lesser extent the Isle of Wight, have been
collated since 1988. To validate the opportunistic data, only sightings that have been corroborated by photographic
evidence or other independent sighting reports, have been included in this analysis. To avoid duplication of data, the
analysis has been based on dolphin-days rather than the total number of dolphin sighting reports. A dolphin-day is
defined as a day when bottlenose dolphins have been observed irrespective of group size and/or the number of times
they have been sighted during that day. Furthermore, sightings made at different times on the same day that are
positioned remotely from one another are counted as one dolphin-day. It is accepted that this may incur an
underestimate of sighting-days but generally is thought to have little effect on the overall trend. Photo-identification
mark-recapture techniques have also proved useful in identifying individual animals and pods to assess whether it is
the same animal(s) that are exposed to anthropogenic factors over time,

Boat Traffic Study

Sightings of vessels in the MRA were logged by the Durlston Dolphin Watch team from 1996 as an integral part of
the surveys. The protocol involved counting the number of vessels passing through the MRA and classifying each
vessel into one of seven categories of vessel type. Weekend sightings of both boats and dolphins are underestimated
as the data relied almost entirely on casual sighting reports. Using mean estimates of speed for the different vessel
types to calculate dwell time in the MRA, the data have been extrapolated to consider the percentage of time
dominated by boat traffic noise within the MRA. Particular attention has also been given to the Condor Express — the
UK’s fastest ferry. In March 1997, the Condor Express was transferred to a new twice-daily service from Poole to
the Channel Islands for the period March to October. Previous research (Browning et al., 1997; Browning and
Harland, 1999) has detailed the underwater acoustic output of Condor Express in the MRA, and considered the
implications for cetaceans over a short-term period. Consideration in this study is given to the role of the Condor
Express in anthropogenic activities within the MRA in a wider, long-term context.

Seismic Testing Study

Since the beginning of this study in 1988, seismic testing surveys have been carried out in September and October
1994 and December 1998 to February 1999, in Poole Bay, 2.5 km from the Marine Research Area. In 1994, 15
airguns, firing every 12 seconds, were used by BP in Poole Bay (Hunt Oil UK commenced seismic testing in French
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waters at the same time as BP using 19 airguns firing every 6 seconds at 2000 psi.). In 1998/9, a 4-gun array of
Sodera G.I. airguns, with a total generating volume of 600 cubic inches were deployed. Total power of the array was
15.8 bar meters in 0-128 Hz range, 2000 psi. JINCC guidelines for seismic surveys were employed on each occasion.

RESULTS

Bottlenose Dolphin presence and distribution

Bottlenose dolphin sighting-days within the MRA generally increased from 1988 to 1996, with a peak in 1994 of 80
dolphin-days. From 1996 onwards, there has been a general reduction in dolphin-days (Fig. 2). Although the MRA is
the main focus of this study, Figure 2 includes the dolphin-days for the whole of the Dorset coast to demonstrate that
although dolphin-days declined in the MRA from 1996 onwards, the levels of dolphin-days for the Dorset coast have
remained relatively constant during this time.

A yearly analysis of the mean seasonal distribution of dolphin-days in the MRA has shown a pattern of two peaks
per annum, in the spring and the autumn (Fig. 3). The survey data supplied by the ‘dolphin watchers’ have not been
corrected for effort since statistical tests on the data from 19952000, presented in Figure 4, indicate no significant
difference in the number of hours watched per year. (Spearman’s Rank test: Rs = -0.625, non-significant).

Anthropogenic Influences

a) Boating Activity

Boat traffic activity within the MRA peaks in July and August (Fig. 5). This increase is due principally to leisure
boating rather than commercial traffic, which is generally constant over the year (F ig. 5). The activity of vessels
considered to have a greater noise output, such as jet skis and motor boats, also increases during July and August.

Calculating the dwell time for each vessel category using mean speed estimates, Figure 6 demonstrates an estimate
of the percentage of time (daylight hours only) dominated by boat noise in the MRA. It is accepted that this may
incur an overestimate of time, as it does not account for the overlap of boats present in the area at the same time.

Overlaying the boat traffic data with the dolphin-day data indicates that the fall in summer dolphin-days corresponds
with the peak in boat traffic levels in the MRA. The winter fall in sightings is not accounted for by increases in boat
traffic levels (Fig. 7).

Figure 8 plots the onset of the Condor Express ferry route through the MRA in March 1997, with dolphin-days from
1988 to the present day. Although superficial, there appears to be an apparent decline in the number of sightings
since the commencement of operation of the Condor ferry within the MRA from 1988 to the present day.

b) Seismic Surveys

Figure 9 plots the seismic survey events in 1994 and 1998/99, with dolphin-days since 1988. Again, although
superficial, there appears to be an apparent decline in the number of dolphin-days in the year following the seismic
surveys in 1994-95 and 1998-99 within the MRA. Other annual declines in sighting days in 1990 and 1993 do not
correspond with seismic events. Also, of note, the results of the photo-identification study from 1995 onwards
indicated a transition in 1999 from the semi-resident pod of five bottlenose dolphins to a new group of individuals.

DISCUSSION  The overall trend in dolphin-days indicates a clear seasonal pattern to the presence and distribution
of bottlenose dolphins within the MRA. Analysis of the effort-related data has confirmed that these trends are not an
artefact of the number of hours watched.

The coincidence of minimal dolphin activity and maximum shipping traffic during the summer period bears
examination. Since the main contributors to the shipping peak are recreational leisure craft, it is possible that these
types of craft (yachts, motor boats, jet skis and rigid inflatable boats) must be considered as possible deterrents to a
dolphin presence. Disturbance may be due to the high manoeuvrability of the craft or the noise output. Although
based on a crude analysis, it is interesting to note that the time dominated by boat traffic noise in the MRA increases
from approximately 10% to 70% in the peak summer months. However, the trend in the data also indicates a decline
in sightings during the winter months, which is the minimum for recreational boating. If the hypothesis for
disturbance by shipping activity is to be deemed sound, then another factor must influence dolphin activity within the
MRA during winter. Poor visibility and environmental factors during the winter months may be a possible factor that
obscures detection of cetacean presence. Further research using year-round acoustic monitoring to extend the visual
surveys and control for the confounding effects of weather conditions are necessary to more accurately assess the
presence of bottlenose dolphins during winter months. Such acoustic research could also be extended to develop an
enhanced understanding of the specific output and frequency range of vessel types and other anthropogenic
underwater noise sources in the MRA.
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It must be stressed that the attempt here to consider the role of Condor Express and seismic testing in the patterns
emerging from the overall trends of dolphin-days is purely speculative, and no conclusions can be drawn. The
apparent, superficial declines in dolphin-days could be the result of many factors most of which fall outside the remit
of this paper. In light of the findings of the photo-identification study, it is possible that the transition between pods
using the MRA is a major factor in the decline of dolphin-days during 1999 as the area was vacated by one group
and the unoccupied area only slowly re-colonised by a different pod. These changes in themselves may be the result
of natural cycles in the ecology and dynamics of the original dolphin pod, or perhaps the result of a localised
disturbance that displaced the original group, and the area did not become re-occupied until the disturbance ceased.
A parallel study into the natural biological factors that influence presence and distribution of bottlenose dolphins
along the Dorset coast is required to achieve a balanced understanding of their ecology and conservation needs.

In conclusion, this brief screening study confirms the need for further research into the possible influence of
anthropogenic factors on cetaceans in Dorset waters and for this to be set within the context of local bottlenose

dolphin ecology.
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Fig 4. The number of hours watched and the number of dolphin-days per year.

Year | Total No. of hours watched per year Total no. of dolphin-days
per year

1996 1499 43

1997 1430 24

1998 1369 24

1999 1833 2

2000 1552 15

Mean no. boats

Fig. 5. Seasonal boat traffic activity in the MRA 1997 —2000.
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Fig 7. Comparison of boat traffic levels with seasonal dolphin-days 1997 — 2000
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Fig. 8. Comparison of dolphin-days in the MRA 1988 — 2000 with the onset of the
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DISTRIBUTION AND OCCURRENCE OF FIN WHALES IN THE LIGURIAN SEA BETWEEN 1990-99

S. Panigada', G. Notarbartolo di Sciara'?, M. Zanardelli', S. Airoldi', J.F. Borsani’,
M. Jahoda', G. Pesantel, and E. Revelli’

! Tethys Research Institute, Viale G. B. Gadio 2, 20121 Milano, Italy
2[CRAM, via di Casalotti 300, 00166 Roma, Italy

Fin whales (Balaenoptera physalus) were observed during dedicated cruises in the summer months from 1990 to
1999 in the waters of the recently established Ligurian Sea Cetacean Sanctuary. During 870 days spent at sea,
totalling 73,406 km of consistent surveys, 543 sightings of fin whales were made. Whales aggregated in small
groups, with a mean group size of 1.75 individuals (mode=1, SD=1.11, N=543, range 1-7). Yearly mean group sizes
ranged between 1.4-2.1, with significant differences between years (ANOVA, P<0.01). Fin whale sighting
frequencies for the entire study area were calculated in terms of number of sightings and number of animals sighted
per total distance surveyed in one season. To determine variation in the occurrence of fin whales during summer
months, sighting frequency values were calculated for every single month from June through September.

The highest sighting frequencies, in terms of number of whales per distance surveyed, occurred in July and
decreased significantly in September (ANOVA p=0.03). The mean distance from the coast was 45.7 km (SD=18.1,
N=543, range 1.9-113.9 km) with a mean depth of 2,315 m (SD=387.15, N=543, range 65-2,690 m). Depth and
distance from the nearest coast differed throughout the study period, with significantly lower values in summer 1990
(ANOVA p<0.01). Whales seemed to be evenly distributed in the study area between the [talian-French coast and
the island of Corsica. The data collected within this long-term research provide insight on the presence, distribution,
and seasonal occurrence of this species while summering in the Ligurian Sea Sanctuary, supporting scientific
evidence that may be crucial for the management of this marine protected area, characterised by intense human
activities. Moreover, given recent evidence of presence of fin whales in the Corso-Ligurian Basin all year round,
similar effort is recommended also during winter months.

USE OF A DIGITAL ACOUSTIC TAG TO DOCUMENT RESPONSE OF THE
NORTH ATLANTIC RIGHT WHALE TO SURFACE ACTIVE GROUPS

S. Parks', P. Tyack', M. Johnson', D. Nowacek" %, and N. Biassoni'

! Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA
2 Large Whale Biology Program, NOAA Fisheries Service, 166 Woods Hole Rd.,Woods Hole, MA, USA

North Atlantic right whales (Eubalaena glacialis) perform their most conspicuous surface behaviors when involved
in surface active groups (SAGs). These surface groups involve 2-20+ whales engaged in social/sexual behaviour at
the surface, and often producing particular vocalisations. Preliminary playbacks of vocalisations recorded from these
groups have been shown to strongly attract adult male right whales. The digital acoustic recording tag (DTAG),
logging both acoustic data from the environment and behavioral orientation data, has proven to be an excellent tool
to further investigate acoustic communication used by right whales in the formation of these groups. The DTAG
records ambient acoustic data as well as the whale’s depth, pitch, roll, and heading. During the summer of 1999 and
2000, these suction cup tags were attached to right whales in the Bay of Fundy, Canada.

Right whales responded to exposures of pre-recorded right whale sounds from SAGs and to sounds produced by
actual SAGs in the field. Two playbacks of recorded sound were carried out to tagged whales in 2000. Additionally,
three tagged whales joined actual surface active groups while carrying the tag. In both scenarios, the tag sensors
recorded subtle, sub-surface responses to sound exposure. These responses included changes in heading and
cessation of active swimming which reduced flow noise and made the playback more clearly audible on the tag
record. Additional playbacks may be able to shed light on the effective range of communication in these whales by
determining what received level of SAG vocalisations is necessary to elicit a response.
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MONITORING THE PRESENCE OF CETACEANS IN THE NORTH ADRIATIC SEA: HYPOTHESES
OF A RESIDENT POPULATION OF BOTTLENOSE DOLPHIN IN THE GULF OF TRIESTE/GRADO
LAGOON AND A MULTIDISCIPLINARY APPROACH TO TEST IT

M. Picciulin" 2, M. Francese' %, C.M. Fortuna®, P. Zucca®, and M. Spoto1

! Eco-ethology Lab of Miramare Marine Reserve, WWF Italy, Ministry of Environment,
Viale Miramare 349, 34014 Trieste, Italy
? Department of Biology, University of Trieste, v. Giorgieri 7, 34127 Trieste, Italy
* Tethys Research Institute, viale G.B. Gadio 2, 20121 Milano, Italy
?Laboratorio di Psicologia Animale Comparata e Neuroscienze, Department of Psychology, University of Trieste,
34014 Trieste; Italy

INTRODUCTION As recently reported by the RAC-SPA Convention of Barcelona (1995), management and
conservation of threatened and endangered species are the necessary measures for sustainable use of marine and
coastal biological resources. Most of the cetaceans sighted in the Gulf of Trieste are actually on Annex II of the
Protocol concerning specially protected areas and biological diversity in the Mediterranean, requiring protection.
Indeed, the presence of marine mammals in the Gulf of Trieste has been well documented since the last century. In
1990, the Natural Marine Reserve of Miramare (Trieste, Italy) started its activity of censusing the marine fauna,
including large marine vertebrates. At the same time, it created a group of marine biologists (GPI, actually EST,
Emergency Service Team) in collaboration with a veterinarian, for rescuing stranded and injured animals. As result,
a review of the cetacean sightings and strandings in the Gulf of Trieste in the years 1990-98 has been presented at the
ECS meeting of Valencia (Francese et al., 1999). On the same occasion, the authors presented a new protocol of
intervention and a new sighting form. Its aim was to fill the existent gap between researchers and local populations,
and to encourage people to signal to an appropriate address the presence of large marine vertebrates in the Gulf of
Trieste.

The staff of the Reserve also initiated a regular monitoring activity in collaboration with the Revenue Guard Corps
and Harbour Office of Trieste. At monthly intervals, the operators monitor the area of the Gulf along a standard
transect in order to check the presence of cetaceans and to define their spatial and temporal distributions. The aim of
this work is to present and review the data obtained since 1999.

MATERIALS AND METHODS The data were collected monthly aboard the boats of the Revenue Guard
Corps and Harbour Office of Trieste. The routes were pre-defined. Numbers and species of animals sighted, sighting
location, local environmental conditions, and activity of the animals, were all recorded.

Whenever possible, animals were photographed. Photos of the dorsal fins were analysed with a magnifying glass,
and their main characteristics (shape and nicks) were examined. Highly recognisable individuals were catalogued. A
comparison was made between the photographed animals and the identified individuals sighted in the area of Cres
and Losinj archipelago.

RESULTS
Sightings: Bottlenose dolphin Tursiops truncatus Solitary or couple of animals were sighted between the years
1990- 1998. In only one case, in 1991, a group of 5-10 individuals was present off the Port of Trieste.

Whereas in 1999, the sightings were few (only one sighted animal), in 2000, large groups of bottlenose dolphin have
been seen off the coastal water of Lignano (Ud) (Fig. 1). In May, August and October, a group of 6 animals was
accompanying by a juvenile. At the beginning of 2001, a group of about 30 individuals was reported resident in the
same area.

Risso’s dolphin Grampus griseus  Both in 1999 and 2000, the Risso's dolphin was found out of the Port of Trieste
and at the Lagoon of Marano. The last occurrences of this species in the Guif date back to 1993 and 1996 (Francese

et al., 1999).

Striped dolphin Stenella coeruleoalba  In 1999, an individual was identified in the Gulf. No reports are present for
the year 2000.

Fin whale Balenoptera physalus  In October 2000, a fin whale was sighted for few days in the Gulf of Trieste. The
previous report of its presence in the same area dated back to 1976 (Spoto and Lapini, 1995).
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Other Species It is also noticeable that there has been an increase in the presence of sea turtles and basking
sharks, already well documented in the Gulf of Trieste. We refer especially to the high number of young turtles
(Caretta caretta) recently caught in Slovenia (W. Zizza, pers. comm.), and to the sightings of ten basking sharks
(Cetorinus maximus) in the Gulf. The landing of one sunfish (Mola mola) of about 200 kg by a local fisherman has
also been reported at the end of April 2001 (unpubl. data).

Photo-identification Photo-identification of some of the bottlenose dolphins sighted was carried out by the
staff of the Reserve, wherever possible. Only high quality photographs were taken into account. A total of seven
animals were identified with certainty. Three individuals were seen during two different sightings in August and
October 2000. None of the locally identified animals has been found in the area of Cres and Losinj archipelago.

Fishing Considering the typical diet of the bottlenose dolphin in the North Adriatic (Fortuna and Canese,
unpubl. data), most of the fish and cephalopod species caught by fishermen are its potential prey. Therefore, the
trends in commercial stocks are indicative of prey abundance in the Gulf of Trieste. In Figures 2 and 3 are reported
the total amounts of landings in years 1992-2000.

Environmental parameters The hydrological conditions of the Gulf of Trieste do not differ substantially
from those characterising the north-east area of the Adriatic Sea. The area is influenced by the local outputs of rivers,
but the latter modify the salinity of the water surface and the upper water layers (Mosetti, 1988).

The trends in salinity and density of the local water during the year are relatively constant from the years 1980-82
(Vinzi and Bussani, 2000).By contrast, there has been a consistent increase in the water temperature of the last few
years (Stravisi, 2000). In particular, in the last fifty years, the sea became colder during spring and summer, and
warmer during autumn and winter.

Sea ambient noise Preliminary results (Costantini, 1998) demonstrated that the sea ambient noise recorded in
Trieste is comparable with that recorded in different highly noisy bays and harbours in USA during World War I, as
reported by Urick (1983). This is not surprising, since Trieste has been an important port subjected to high
anthropogenic disturbance. The area of the Gulf is indeed heavily exploited by pleasure craft, ships, and cargo boats.

Pollution The coastal area of the Gulf of Trieste is densely populated and industrialised. Anthropogenic
inputs are more pronounced during summer, when the thermocline develops. This leads to eutrophication phenomena
linked to high concentration of nutrients ,or to a modified bacterial loop in the food web. Pollutants of anthropogenic
origin are typically organic compounds (hydrocarbons and solvents), brought to the sea via sewage, and heavy
metals, brought by the river (especially mercury until ten years ago), or by industrial waste water. The concentration
of these exogenous factors is not very high, but is accumulated in western bottom sediments (lagoon area: Adami et
al., 1996), and can support biomagnification.

CONCLUSIONS The Gulf of Trieste has been demonstrated to be a highly anthropogenically affected and
exploited area. However, in the last few years, we have observed an increase in the numbers of sightings of cetaceans
and of rare or uncommon species. The increase in water temperatures seems to play an important role in this trend.
The milder winters, which historically were too cold for the local species to remain in the area, may facilitate
animals becoming resident in the Gulf throughout the year. The warming of waters may increase the availability of
primary producers (algae and plankton) and consumers. Fishing data confirm that the Gulf is populated by different
prey of cetaceans. This means that even if prey abundance is fluctuating between years, animals may shift their diet
to the most abundant species in the area. Interestingly, most of the sightings were recorded in 2000, when the capture
of molluscs was relatively low, but when local fishermen recorded one of the highest landings of anchovies in the
last ten years. Considering that the depth of the area never exceeds 25 metres and presently forms mostly a muddy
bottom, it is likely that large vertebrates may capture their prey more easily than in other more deep and rocky
locations.

Is the Gulf of Trieste and the surrounding lagoons becoming a suitable habitat for resident population of cetacean
and other big vertebrates? The presence of large groups of bottlenose dolphin and the repeated sightings of the same
individuals may indicate a tendency towards residency. The presence of a juvenile individual in the groups is also
notable. However, we cannot exclude the possibility that increased monitoring activity in the area might be affecting
the likelihood of sightings.

The bottlenose dolphin is known to be a relatively tolerant species, living also in disturbed and polluted locations.
Pollution or altered ambient noise may therefore be important, but not limiting, factors for this species to remain in
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the Gulf, if the latter is an important feeding area. Alternatively, we may suppose that the bottlenose dolphin is
expanding its feeding movements to more northern latitudes in the Adriatic Sea.

What are the future prospects, and which aspects specially require management? To give an answer, we plan to carry
out our monitoring with particular attention to the individual identification of animals. We shall continue monitoring
the chemico-physical parameters of the sea-water, as well as the distributions and abundance of fish in the Gulf. We
are also considering the possibility of regular monitoring the levels of sea ambient noise in different locations of this
area. We will improve EST logistics, with the support of local administrations. In parallel, we would like to initiate
data comparison among scientific groups working in the North Adriatic as Italian, Slovenian (related to us in marine
protected areas management) and Croatian organisations.
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DESERTAS ISLANDS NATURAL RESERVE: A HOME FOR THE MEDITERRANEAN MONK SEAL
R. Pires and H. Costa Neves
Parque Natural da Madeira, Caminho do Meio, Quinta do Bom Sucesso, 9050 Funchal, Portugal

The Desertas Islands are a group of three inhabited islets (Ilhéu Chdo, Deserta Grande and Bugio), situated SE of
Madeira at a distance of 11 nautical miles. The Desertas became the last spot with an effective colony of the
endangered Mediterranean monk seal, Monachus monachus, in the open Atlantic Ocean, after its decline on the main
island due to human pressure. Nevertheless, this situation changed during the 1970s with an increase in fishing
activity in those islands. Deliberate and accidental killings by entanglement in gillnets caused the population to
undergo a steep decline and, in 1988, it was estimated at only 6-8 individuals. In that year, a policy was implemented
to protect and monitor the monk seals on the Desertas. In addition, an environmental education programme was
established. One main concern was the awareness of fishermen. Finally, in 1990, the Desertas Islands were legally
protected. The Nature Reserve includes the three islands and the sea around to a depth of 100 m. It is divided in two
parts: a Restricted Area (the southern part) where the seals conduct most of their activities, and a Partially Restricted
Area (the northern part) where fishing activity by lines is permitted but in a controlled way, thus allowing fishermen
to pursue their livelihood. Otherwise, in those areas where nets were forbidden, alternative forms of fishing were
offered to the fishermen. The Reserve is regularly controlied and monitored by boat. Nowadays, the Desertas Islands
have security and sustainable conditions for the survival of the monk seals, and the population is estimated to
number 23 individuals. Certainly the strategy followed to establish the Reserve, not in an extreme way but integrated
into a general management plan with social and educational concerns has been responsible for its success.

MOBILE MARINE PROTECTED AREAS: A SOLUTION TO CONSERVING
A DYNAMIC DOLPHIN POPULATION IN AN ENERGETIC ECOSYSTEM

Lindsay J. Porter
The Swire Institute of Marine Science, The University of Hong Kong, Cape d’Aguilar, Hong Kong, SAR

The Pearl River Estuary, encompassing the territorial waters of Hong Kong, China, and Macau, is a significant
habitat for the Chinese white dolphin (Sousa chinensis). Little was known of the population, however, until Hong
Kong’s new port and airport was developed in the dolphin’s habitat. This prompted the Hong Kong Government to
initiate a study of the local S. chinensis population so that a management plan could be established. It was then
shown that the dolphin population was also threatened by extensive boat traffic, intensive fishing practises, and
pollution through the widespread discharge of municipal and agricultural effluents. Since development had
commenced prior to the dolphin study, the first conservation initiatives focused upon ameliorative rather than
protective measures. An immediate reaction, in the light of ongoing, extensive coastal development, was to establish
a ‘dolphin sanctuary’. Before this area was designated, however, the study revealed that individually-identified
dolphins frequented different key areas throughout the habitat, of which the ‘dolphin sanctuary’ was only one. A
second (again small, multiple use) marine protected area was then proposed. In Hong Kong, however, where the
total marine area is small and, consequently, protected areas are relatively restricted, the protection afforded by so-
called sanctuary areas is minimal particularly as recreational and fishing activities are still allowed within them. In
addition, during the seven-year duration of this study, the distribution of the dolphin population has changed as
various environmental variables have altered. It may, therefore, be more practicable to assign a series of temporary
or rotating marine reserve areas which afford stringent protection dependent upon the dolphins’ perceived immediate
needs. This system would also allow for other marine habitat users, e.g., fishermen, to continue traditional activities,
although these might be restricted during certain times.
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SPAIN'S MEDITERRANEAN CETACEAN MARINE PROTECTED AREAS PROJECT

J. A. Raga!, A. Cafiadas’, A. Aguilar’, A. Gémez de Segura', J. Tomas', R. Sagarminaga’,
M. Gazo’, A. Borrell® and E. Urquiola*
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In order to implement the international policies of the EU's "Habitats Directive", the Barcelona Convention, and
ACCOBAMS Agreement and Spain's National Biodiversity Strategy, the Ministry of the Environment initiated in
2000, a three-year research programme for the identification of special interest areas for the conservation of
cetaceans. This programme, co-ordinated by the University of Valencia involves also researchers from the University
of Barcelona and the University of Madrid, as well as the NGO, Alnitak. Together, these research teams cover the
integrity of the Spanish Mediterranean as well as the contiguous Atlantic waters included in the ACCOBAMS
Agreement. In order to provide the scientific basis for the adequate sizing and siting of future marine protected areas
for cetaceans, research aims at identifying the different cetacean populations present in these waters, and analysing
their conservation status and habitat use. To reach this objective, a wide array of methods, ranging from aerial and
shipboard surveys to molecular analysis techniques, are being used. In addition, the socio-econom ic context and the
human pressure acting on the populations inhabiting these areas is being evaluated. Sighting and stranding data of
nine species were compiled and analysed to establish distribution patterns. During 2000, more than 5,800 km were
surveyed on effort by the research teams, and 450 sightings of cetaceans were recorded. The striped dolphin
(Stenella coeruleoalba) and the bottlenose dolphin (Tursiops truncatus) were the most abundant species in the areas
of Catalonia, Balearic Islands, and Valencia. The striped and common dolphins (Delphinus delphis) were most
abundant in the southern area of Andalucia, followed by bottlenose dolphins and long-finned pilot whales
(Globicephala melas). These activities are being developed in collaboration with the Administrations of the
Autonomous Governments involved, in order to guarantee that the application of the proposed measures is feasible
and harmonious with local policies.

MEETING THE CONSERVATION OBJECTIVES OF ASCOBANS:
A REVIEW OF BY-CATCH REDUCTION EXPERIENCES IN THE UNITED STATES

A.J.Read

Duke University Marine Laboratory, Beaufort, NC USA

One of the conservation objectives of the Agreement on the Conservation of Small Cetaceans in the Baltic and North
Seas (ASCOBANS) is to reduce by-catches to levels below those defined as ‘unacceptable interactions.” Achieving
this objective has proven to be difficult, and Parties to the Agreement and other bodies, including the European
Cetacean Society, have recognised a lack of progress in this regard. Here, 1 review experiences in the development
and implementation of by-catch reduction schemes in the United States, where the legal framework is considerably
more straightforward than in the ASCOBANS area. In the U.S., marine mammals are managed under the Marine
Mammal Protection Act, which was amended in 1994 to deal specifically with by-catches. An allowable removal
level is determined for each stock of marine mammals, using a conservative algorithm. In cases where by-catches
exceed this removal level, groups of stakeholders are brought together, in formal negotiations, to develop
mechanisms for reducing by-catch mortality. To date, four of these groups, known as Take Reduction Teams, have
been formed to address by-catches of small cetaceans. To date, the plans developed by these teams have included the
following measures: reduction of fishing effort, time-area closures, pingers, and gear modifications. Several themes
are common to the implementation of these plans, including: the necessity of observer programmes to monitor the
success or failure of the plan; the requirement for enforcement to ensure compliance with particular measures; and
continuing conflicts between the goals of these plans and the general objectives of commercial fisheries
management. It is clear that conservation strategies must be tailored to specific fisheries, and that no measure will
work in every case. The general approach of incorporating stakeholders in the formulation of conservation strategies
has been successful and may be an appropriate strategy within the ASCOBANS area.

200



AN APPLICATION OF THE POSEIDON PROGRAMME:
PRELIMINARY COMPARAISON OF FIN WHALE AND HUMAN ACTIVITIES
SUMMER DISTRIBUTIONS IN THE NORTH-WESTERN MEDITERRANEAN

E. Roussel' , P. Beaubrun', L. David', N. Di-Méglio', S. Airoldi %, S. Panigadaz,
M. Zanardelli’, and G. Notarbartolo di Sciara®

'Ecole Pratique des Hautes Etudes, Laboratoire de Biologéographie et Ecologie des Vertébrés,
UM 2 Case 94, Place Eugéne Bataillon, 34095 Montpellier cedex 5, France
"Teﬂg}s Research Institute, Viale G.B. Gadio 2, 20121 Milano, Italy

INTRODUCTION Launched in 1995, the POSEIDON programme was conceived by the Tethys Research
Institute and the Ecole Pratique des Hautes Etudes, in order to gather reliable information on cetaceans and the
distribution of human activities in the north-western Mediterranean Sanctuary and its contiguous zones. In order to
do that, data on cetaceans and human activities visually detectable from the sea surface were simultaneously
collected each year, in summer, applying standardised methods.

METHODS Data for both categories, cetaceans and human activities, were collected by each of the seven
research teams involved during the four-year period, from June to September, using a simplified line-transect
method, with at least one observer on duty, and a minimum speed of four knots for the boats.

Sightings were first related to a 20x20 nm grid, and then weighted by survey effort (19070 nm for cetaceans and
14657 nm for human activities) per square for comparison of abundance indices.

This preliminary analysis concerns the years 1995 to 1998, and has been made with a GIS software and non-
parametric statistical tests.

RESULTS In this paper, we present examples of the general distribution of six human activities (sailing,
merchant and military vessels, ferries, fishing boats and nets) in comparison to that of the fin whale.

Fin whales (Fig 1) are widely distributed over the abyssal plain, with major concentrations in the middle of the
Liguro-provengal basin, showing two decreasing gradients of abundance westward and north-eastward. The four
preferred areas are mutually statistically different. Highly concentrated over the continental shelf, the presence of
fishing boats (Fig. 2) does not overlap at all with the preferred areas of fin whales. Mostly distributed over the slope,
fishing gear (Fig. 3) may,/have a slight influence on fin whales. High indices of oceanic gear in the northern part are
likely to be long-lines.

In spite of the difficulty to obtain reliable information on the distribution of military ships (Fig. 4), it seems that
military traffic may have little effect upon the distribution of fin whales, except in its northern part.

Widely distributed over the north-western basin, merchant ships (Fig. 5) overlap fin whale distribution in a marked
way, especially the preferred area 3 near the provencal coast.

Travelling between the continental French and Italian coasts, and Corsica, ferries and HSC (High Speed Crafts, Fig.
6) cross the entire Liguro-provengal basin, and thus particularly overlap the preferred areas of fin whales.

Since the great majority of sailing vessels (Fig. 7) remain very close to shore, encounters with fin whales only occur
rarely.

CONCLUSIONS Based upon visual sightings, investigations of the geographical overlap of human
activities and fin whale presence show that there is little evidence for geographical influence of sailing vessels,
military ships, fishing boats and nets, upon fin whales, whereas those areas with a high abundance of ferries and
merchant ships are likely to affect fin whales. In fact, collisions with large and fast vessels are reported to be one of
the major causes of mortality for this species.

Beyond this example, maps of distributions of nine species of cetaceans and of seven broad categories of human
activities are now available at different levels of time: for the total period (1995-98), for each year, and for each
month (from June to September).
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en years and months were statistically tested when the quality of

Fluctuations in the abundance of cetaceans betwe
assessed (fin whale, sperm

data allowed it, and preferred areas for the six most common cetacean species were
whale, long-finned pilot whale, Risso’s dolphin, bottlenose dolphin, and striped dolphin).
This simple and rapid analysis, and the resulting maps, thus appear to be useful in helping managers of Marine
Protected Areas to take accurate preliminary decisions for conservation of cetaceans.
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Figure 1 : Fin whales

Fig. 1. Fin whale distribution in the Liguro-provengal basin. Blank squares show insufficient effort (<40 nm),
pale shaded squares medium effort (<80 nm), and darker shaded squares show good effort (>80 nm),

encompassing part of the preferred areas of fin whales
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Figure 2 : Fishing ships per 100 NM (1995-98)

Figure3 : Fishing nets per 100 NM (1995-98)

Figure 5 : Merchant ships per 100 NM (1995-98)

Figure 6 : Ferries and HSC per 100 NM (1995-98)

Figure7 : Sailor ships per 100 NM (1995-98)




AREA PREFERENCES OF HUMPBACK WHALES ON A BREEDING GROUND
Meike Scheidat

1FB3:Marine Zoology, Institut fiir Meereskunde, Diisternbrooker Weg 20, 24105 Kiel, Germany

The area of the Machalilla National Park in Ecuador forms a breeding ground for humpback whales from June to
September. Over the last decade, the whale-watching industry along the coast has increased dramatically, making it
important to determine the importance of the coastal habitat for this species. The two-nautical mile zone around the
island "Isla de la Plata"belongs to the National Park, and is used for tourist activities such as whale-watching, scuba
diving, as well as for sports fishery. Additionally, artesanal and, at times, commercial fishing takes place at the study
site.

In June, July, August and September 1998, simultaneous observations from three observation points off the island
were made of humpback whales. Information on position, behaviour, group size, and presence of calves was
collected. Subsequently, the distribution of humpbacks around the island was analysed in respect to depth, substrate
type and exposure.

Humpback whale distribution was significantly dependent upon depth, substrate type, exposure, and the combination
of depth and substrate type, as well as substrate type and exposure. In combination with the collected data on
behaviour and the presence of calves, the information was used to define areas of high importance to the humpbacks

for management purposes.
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INCIDENTAL MORTALITY OF CETACEANS IN FISHING GEAR: REVIEW AND SYNTHESIS
N. J. Spencer, M. B. Santos, and G. J. Pierce

Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen AB24 2TZ, UK

INTRODUCTION The present short paper summarises material documented in a recent report to the CEC
(Spencer et al., 2000). We review the literature on fishery by-catch of cetaceans in European waters, and compare
the European situation with by-catch management in US waters under the provisions of the Marine Mammal
Protection Act. Incidental entanglement in fishing gear causes mortality, in excess of estimated net population
growth rates, in vulnerable cetacean populations worldwide TWC, 1994). Many studies have explored the incidence
and causes of by-catch and the efficacy of different mitigation methods (e.g., Di Natale, 1994; Goodson and Datta,
1992; Goodson, 1993; Benke, 1994; Goodson et al., 1994a; Carlstrém and Berggren, 1996; Couperus et al., 1997a,b;
Fertl and Leatherwood, 1997; Tregenza et al., 1997a,b; De Haan et al., 1997; Tregenza and Collet, 1998; Northridge
and Hammond, 1999; Kastelein et al., 2000). The paucity of good data on cetacean by-catch rates in European
waters reflects the current reliance on short-term project funding and the varying methods of data collection. This
makes the identification of patterns difficult.

MECHANISMS OF BY-CATCH The fishing gears most commonly associated with by-catch include set
gillnets, mid-water trawls and drifinets (Sequeira and Ferreira, 1994). Most authors conclude that small odontocetes
are capable of detecting fishing gear in time to avoid collision and can or do perceive the threat (Au, 1994; Kastelein
et al., 2000). The animals should therefore be able to avoid entanglement. The overlap between fish species eaten by
cetaceans and targeted by fisheries is clearly relevant, and distraction or changes in the acoustic behaviour due to the
presence of prey may increase the risk of entanglement (Au, 1994; Goodson et al., 1994a,b; Goodson and Mayo,
1995; Fertl and Leatherwood, 1997; Morizur ef al., 1999). Entanglement in static gear may occur when individuals
are not echolocating (Au, 1994; Dawson, 1994). It is less clear why cetaceans should be caught in mid-waters trawls,
although animals may be attracted to the noise or to the light lures often used in night trawling (Couperus 1997a; De
Haan et al., 1997). Evidence suggests that small cetaceans are in the vicinity of nets far more often than the rate of
by-catch would imply, indicating that by-catch events are relatively rare (Tregenza, pers. comm.).

DIAGNOSIS OF BY-CATCH  Post-mortem diagnostic features indicative of by-catch include lesions caused by
contact with fishing gear or removal of the animal from gear, lesions from immersion and evidence of recent feeding
(in particular, on the target species of the fishery). Also relevant is the absence of evidence for other causes of death
(Hartmann et al., 1994; Kuiken, 1994; Tregenza et al., 1994; Tregenza and Collet, 1998).

CELTIC SEA The Celtic Sea supports fisheries for species such as mackerel, horse-mackerel, tuna and hake.
Cetacean by-catches include harbour porpoises (Phocoena phocoena), common dolphins (Delphinus delphis) and
Atlantic white-sided dolphins (Lagenorhynchus acutus) (Rogan and Berrow, 1996; Couperus, 1997a; Tregenza et al.,
1997a,b; Tregenza and Collet, 1998). Between 1992 and 1994, an observer study of the UK and Irish set gillnet hake
fisheries estimated a by-catch rate of 2,200 harbour porpoises per annum (95% CI: 900-3500), some 6.2% of the
area population (Hammond et al., 1995; Tregenza et al., 1997a). French pelagic trawls and the Dutch pelagic freezer
trawls, targeting herring, mackerel, horse-mackerel and pilchard, caught 3.8 dolphins/100 tows (Tregenza and Collet,
1998), while the Dutch horse-mackerel fishery and the French tuna, sea bass, and hake fisheries operating in the
Celtic Sea and the NE Atlantic were estimated to catch one dolphin for every 20.7 tows (Morizur et al., 1999).

NORTH AND BALTIC SEAS  These waters are fished principally by Denmark, Britain, Germany, the
Netherlands and France (Clausen and Anderson, 1988; Benke, 1994; Kock and Benke, 1996; Carlstrom and
Berggren, 1996) for hake, cod, turbot, sole and plaice. Cetacean by-catch predominantly involves the harbour
porpoise. While there have been some systematic studies in the North Sea, Baltic, and surrounding seas, most
available data come from opportunistic carcass collection and voluntary reporting programmes (Clausen and
Anderson, 1988; Benke, 1994; Kinze, 1994). In Danish waters, 149 harbour porpoise by-catches were recorded
between 1980 and 1981 (Clausen and Anderson, 1988), and 62% of animals stranded over a 14-year period showed
evidence of by-catch (Lindstedt and Lindstedt, 1989). Lowry and Teilmann (1994) estimated that 7,000 porpoises
were by-caught per annum in Danish seas. Carlstrém and Berggren (1996) estimated an annual by-catch mortality of
2.9% of the porpoise population in the Skagerrak Sea. UK and Danish fisheries combined were estimated to catch up
to 112 harbour porpoises per 1000 net.km*hr (Vinther, 1995).

MEDITERRANEAN SEA Fewer data are available about by-catch in the Mediterranean and most of these
come from the swordfish drifinet boats (which were banned by the UN General Assembly moratorium in 1991).
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Species by-caught range from striped dolphins (Stenella coeruleoalba) to fin whales (Balaenoptera physalus) (Di
Natale and Notarbartolo di Sciara, 1994). Between 1988 and 1989, the cetacean by-catch rate off the Italian coast
was estimated at 7,000 cetaceans per annum (Notarbartolo di Sciara, 1990).

BY-CATCH REDUCTION Efforts to reduce by-catch include use of passive and/or active by-catch
reduction devices (Goodson and Datta, 1992; Lowry and Teilmann, 1994; Kraus et al., 1995). Most studies conclude
that passive reflectors are relatively ineffective, while the active “pingers” have been more successful. Trippel et al.
(1999) found that pingers reduced the by-catch of harbour porpoises in set gillnets by 77% although the reason for
their success was unclear and the authors express concern about habituation. The “prey effect hypothesis” suggests
that the pinger emissions may not be directly aversive to the porpoises but rather deter their prey (Kraus et al., 1995;
Dawson et al., 1997).

BY-CATCH MANAGEMENT  Major considerations in by-catch management include effective communication
between scientists and fishermen, and a legislative framework which encourages such co-operation. Take Reduction
Teams operating in the US, under the provisions of the MMPA, have found consultation with fishermen to be an
effective way to determine practical means of reducing by-catch. The lack of legislation specifically concerning
interactions between cetaceans and fisheries is the main obstacle to management of cetacean by-catch in EU waters.
While various regulations and directives refer to marine mammals, it is usually in the context of other issues and
details of their implementation and enforcement remain to be worked out.
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SHORT- AND LONG-TERM EFFECTS OF WHALE-WATCHING
ON KILLER WHALES IN BRITISH COLUMBIA

A. W. Trites!, D. E. Bain® and J. K. B. Ford®
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2204 Main Mall, Vancouver BC, Canada V6T 1Z4
? Six Flags Marine World Vallejo, Vallejo, CA 94589, USA
*Vancouver Aquarium Marine Science Cenire, PO Box 3232, Vancouver BC, Canada V6B 3X8.

A number of cetacean studies have shown that whale-watching causes short-term behavioural changes in individuals,
but none have yet demonstrated long-term population effects. This is particularly true in British Columbia, where
the population dynamics of killer whales are precisely known, and there is a well-documented history of whale
watching activity.

Interaction studies over the past two decades have generally shown that Killer whales employ a multivariate array of
short-term responses to whale watching that is a function of vessel numbers and proximity. Other significant factors
may be vessel size, activity and engine noise, as well as the age, gender, and tolerances of individual killer whales.

Further work is needed to assess whether short-term individual behavioural effects can lead to long-term population
changes. Two lines of research that may shed light on long-term effects include comparative studies of populations
over time or across broad geographic ranges (i.e., population dynamics, physiology, behaviour, etc.). The other is to
develop mathematical models, as we are undertaking, to evaluate possible population effects of whale-watching on
the energetics and hearing abilities of killer whales.
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FAST FERRIES IN THE STRAIT OF GIBRALTAR: STUDY
OF THEIR POTENTIAL IMPACT ON CETACEAN POPULATIONS

E. Urquiola Pascualz, N. Pérez-Gimeno" > 34 R.De Stephanis" 23 4, R. Laiz Carrién® 4, M. Martinez Serrano4, E.
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? Sociedad Espafiola de Cetdceos, C/Nalén n°16, Hoyo del Manzanares, Madrid, Spain
3Circe, Conservacion, Informacion y estudio de los Cetdceos, Aptdo 92,
Algeciras, 11280, Cadiz, Spain. (www.circe-asso.org).
4 Eacultad de Ciencias del Mar de la Universidad d Cddiz, CASEM, Puerto Real S/N, 115 10, Cddiz, Spain.

INTRODUCTION Throughout the world, data regarding possible impacts between boats and cetaceans have
been recorded. From acoustic disturbance to direct collisions, those impacts are putting under threat populations of
different species (Laist et al., in press). This study analyses the potential impact of the high-speed vessels in the
Strait of Gibraltar. The Strait is the second most transited channel in the world and, at the same time, an interesting
area for cetaceans due to its position between Mediterranean and Atlantic waters, as suggested by the high cetacean
biodiversity registered (Fernéndez-Casado, et al., 1999a, Fernandez-Casado, et al., 2000; Cafiadas et al., 2000). In
1999, a total of 83,856 boats crossed the channel (N-S and E-W axis), including 17,047 high-speed ferries (de
Stephanis, ef al., 2000). ). The Spanish Ministry for the Environment asked the Spanish Cetacean Society (SEC) to
analyse the possible incidence of the high-speed vessel traffic in the Strait of Gibraltar, taking into account the
presence in the channel of cetaceans included in the National Catalogue of Endangered Species, as bottlenose
dolphin (Tursiops truncatus), long-finned pilot whale (Globicephala melas), common dolphin (Delphinus delphis),
striped dolphin (Stenella coeruleoalba), and sperm whale (Physeter macrocephalus).

The Acoustic and Vibratory Laboratory of the University of Cadiz (Spain) carried out the study on the possible
acoustic impact.

OBJECTIVES
e To locate the potential areas where a possible collision (physical impact) between cetaceans and boats can
occur throughout known fast ferry routes in the Strait of Gibraltar, and their overlap with the information on
density of sightings for different cetacean species.

e To compile a bibliography about research on possible physical impacts in the study area.

e  To determine the frequency spectra of the different fast ferries, and compare them with those relating to
cetaceans present in high density areas for fast ferries.

The proposal of measures, and analysis of options to minimise potential impacts using comparative data.

METHODOLOGY:

Potential Physical Impacts Cetacean distribution maps in the study area were made and compared with the
different fast ferry routes. The data considered for the analysis were 1084 sightings recorded from April to October
in 1999 and 2000 from whale-watching vessels in the area, and all the different aspects of fast ferries in the area
(number, characteristics, routes, etc). The data on the distribution of sperm whales in the Algeciras- Ceuta Channel
come from 2000, during CIRCE’s survey (February- April).

Sounds Produced The Laboratory of Acoustics and Vibrations of Cadiz University developed frequency
spectra of boats and cetaceans. Records of fast ferries were taken using an Offshore-Acoustic hydrophone directly at
the entrance of the Algeciras harbour and registered on a Sony digital (DAT) TDC-D100 tape-recorder. Frequency
spectra for visualising the acoustic records were undertaken. The STFT (Short-Time Fourier Transform) was applied,
dampening the temporal variation between each of the frequencies with a mobile medium filter for 30 samples.
Likewise, an average of these windows was made (total average spectrum), which revealed the energy distribution in
the frequency bands of the ships. For the spectra of different species, the record (data & sample) used were taken
during summer 2000 by the CIRCE research group in the Strait and by ALNITAK in the Alboran Sea.

RESULTS

Identification of Physical Impacts Stranding data gave no evidence of negative physical impacts recorded
to date. The fast ferries carried out 24 journeys per day between Ceuta and Algeciras, and a further journey between
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Tanger and Gibraltar since January 2001. New lines between Spain and Tanger are expected to run in the summer of
2001. The distribution maps (Figs 1 and 2) show the most frequent areas for sightings of cetacean (for long-finned
pilot whales and sperm whales), and the fast ferry routes in the study area.

Frequency Spectrum and Total Average Spectrum of the different boats sampled. In Figs 3 and 4, one can
seen the spectra of the different boats sampled.

DISCUSSION

Physical Impacts There is no evidence for collisions in The Strait. Nevertheless, as can be seen from the
distribution maps, the area with a concentration of sightings of cetaceans larger than 8-9 m (sperm whale), is the
same as that transited by the fast ferries. The opening of a new fast ferry route on a NE-SW axis between Tanger and
Algeciras, which directly crosses the area with the highest density of sightings for pilot whales and sperm whales,
might increase the collision probabilities with those vulnerable species due to their size and behaviour. A similar
case is the Canary Islands where there have already been collisions with a similar scenario as the one expected here
with the new routes in The Strait of Gibraltar.

Acoustic Impacts Figure 5 shows that theoretically there is no overlap between the sounds emitted by the
cetaceans present in the area and those of the fast ferries. Nevertheless, using data on the frequency range of sounds
emitted by the cetacean species present in the Strait of Gibraltar found in the literature, an overlap is possible. The
Strait is seasonally important for the presence of mysticetes such as fin whale (Balaenoptera physalus), which emits
low frequency sounds, and thus could be affected by sounds from fast ferries. Nevertheless, no conclusion can be
reached due to the lack of data on the intensity of fast ferry sounds, and potential effects upon cetacean populations.
For that reason, studies that focus upon acoustic impacts must take into account not only fast ferry sounds but also
those of other boats as well.

Proposed Corrective Measures  The peculiarity of the area must be taken into account in order to take effective
measures. Not forgetting the precautionary principle, and with this first approach to the problem, the following
corrective measures are proposed:

¢ Possible reduction in boat speed: Different studies (Clyne, 1999; Laist et al., in press) suggests that speed is
the most important factor related to the severity and frequency of potential collisions. For this reason, a
speed limit of 13 knots in the high-risk area is proposed as the best solution. However, that is not so simple,
and normally is not possible. Therefore it is important to promote the agreements with the companies in
order to reduce speed and the number of trips as much as possible.

* Installation of a WDA (Whale Detector Apparatus): Using a horizontal echo-sounder, the WDA can detect
animals in sufficient time to avoid them, thus reducing the possibility of collisions.

e Changing the fast ferry routes in the high-risk collision zones (i.e. high density areas for cetacean sightings.
*  Secondary measures: Training for the fast ferry crew, and the presence of experimental observers onboard.

CONCLUSIONS
1 - The initial and basic conclusion is to accept that the problem exists and measures must be taken to avoid the

negative impacts.

2 - All the proposed whale detection systems could be applied, but always with consideration for those that are likely
to be most effective (and functioning optimalily) for the established area.

3 - Routes and speed are the essential factors related to impacts between boats and cetaceans. Because of that, the
speed must be reduced in high-risk collision areas, and the routes must be changed to avoid those areas.

4 More studies on acoustics and the distribution and behaviour of cetaceans are necessary in order to adopt measures
for the reduction of negative impacts.
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THE ECONOMIC IMPACT OF WHALE-WATCHING IN WEST SCOTLAND
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INTRODUCTION The waters around West Scotland have the greatest abundance and diversity of cetaceans
in the UK: to date, twenty-four species of cetacean have been reported in this region (Shrimpton and Parsons, 2000).
Cetaceans have traditionally been part of Scottish marine heritage and the country’s economy. At one stage there
were five commercial whaling stations operating in Scotland. However, all cetaceans are now protected in UK
waters. Instead of consumptive uses of cetaceans in Scotland, whales are increasingly becoming a tourist attraction
and the basis of many businesses such as whale-watching tours and visitor centres.

Whale-watching is defined as “any commercial enterprise which provides for the public to see cetaceans in their
natural habitat” (IWC, 1994). (NB although the term “whale” watching is used, the definition also encompasses the
watching of dolphins and porpoises).

The current study seeks to determine the importance of whale-watching to the other side of Scotland, in particular
the economic impact of whale-watching in rural West Scotland.

DEFINING WHALE-RELATED TOURISM IN SCOTLAND Whale tourism occurs at various different
levels and extents. As this current study is primarily concerned with the economic impact of whale-watching, only
those operators that were actually using the possibility of seeing cetaceans as a means to attract passengers were
included in the surveyed. Whale-tourism operations were sub-divided into four categories for use in this study and
these are shown in Table 1 for whale-watching trips and Table 2 for visitor centres featuring whales. The locations of
the tour operators that qualify for one of these categories are shown in Figure 1.

MATERIALS AND METHODS The current study investigates whale-watching is coastal Western Scotland;
within this area, three study regions were identified for detailed case studies: (a), the Sleat Peninsula (Isle of Skye);
(b), Arisaig (Lochaber); and (c), Tobermory (Isle of Mull). These locations were identified according to the
following criteria: locales that were traditionally dependent on primary industries, such as fishing and agriculture;
rural coastal communities; and bases for marine wildlife tour operators who operate whale-watching excursions.

During the tourist season of 2000, four sets of interview surveys were conducted. The sample groups for these
surveys were: boat operators (32) & visitor centre managers (8); tourists on whale-watching trips (324); general
tourists visiting the area (673); and local residents (189).From this the perceived importance of this industry for the
local community and local tourism could be assessed as well as calculating estimates of the economic value of this
specialist sector of the Scottish tourism industry.

RESULTS

What is the importance of whale-watching to the rural West Scotland economy?

Whale-tourism providers were asked whether they thought that whale-tourism was important to the local economy:
47% stated that it was.

Proportion of visitors who came to the area to go whale-watching
Of the tourists surveyed:
*  44% stated that they had been previously aware of whale-watching trips in West Scotland;
*  13.1% said that the whale-watching trips had influenced their decision to visit the region.
¢ 18.6% had been on a boat trip of some kind during their stay:
6.5% had been whale-watching;
12.1% had been on other non-whale-watching trips.
®  23% stated that although they had not been on a trip yet, they might, or were going to, go on a whale-watching
trip during their time in the area.
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Of the tourists taking whale-watching trips:

e 22.5% of whale-watchers had come to the area specifically to go whale-watching.

e Ofthese 3.5% of the total had stayed an extra night in the area in order to goona whale-watching trip.

e  Of the remaining 77.5% of whale-watchers who had not come to the area specifically to go whale-watching, 44
individuals (12.7%) said that they had stayed an extra night in order to take a whale-watching boat trip.

 Intotal, 16.1% of whale-watchers had stayed an extra night as a direct result of whale-watching.

An estimation of the number of extra nights spent in the region as the result of going on a whale-watching trip

The average number of extra nights spent was 1.6. Ninety-one percent of the respondents who stayed additional
nights stayed only one or two additional nights. Only one person stayed over 4 additional nights as a result of whale-
watching opportunities in the region.

The daily spend of whale-waichers Whale-watchers were asked to provide details of their daily holiday
expenditure. On average, the daily spend by passengers taking whale-watching trips was £85.25, of which the cost of
the trip was the main expense of the day. Without the cost of the trip, the average expenditure per day was £59.25.

Employment provided by whale-watching in West Scotland A total of 115 jobs were involved in whale-related
tourism. Seventy-six jobs were involved with work on the tour boats as skipper, crew or booking staff. 46% of these

jobs were seasonal.

DIRECT VALUE OF WHALE-TOURISM In order to determine the value of whale-watching to the rural
west Scotland economy each tour operator was asked for their annual passenger numbers, the cost of their trips and
running costs. The income was also adjusted by the category of whale-tourism business (e.g. only 10% of Category 3
business was attributable to whales, but 100% of a category 1 operation). These figures were used to estimate the net
income from whale-tourism in the region1'.

In the three survey areas (Skye, Arisaig and Mull) whale-watching provided a direct net income of £109,548 per
annum. This is 12.3% of the total tourist expenditure in the three survey areas: a significant part of the economy in
these rural areas. When data from all operators was collated, it was estimated that whale-related tourism directly
contributed £1,767,971 to the economy of rural West Scotland.

INDIRECT VALUE OF WHALE-TOURISM From the above data: (a), 6.5% of visitors to the region will go
on a whale-watching trip; (b), of these whale-watchers 22.5% came to the area specifically to go whale-watching;
and (c), 16% (3,172) tourists stayed at least one extra night as a result of going on a whale-watching trip (mean=1.6
extra nights).For the whole of West Scotland the whale-tourism industry results in tourists staying a total 15,856
extra nights in the region, with a resulting £0.9 million of extra revenue coming into the economy of the area.

As 22.5% of whale-watchers came to the area specifically to go whale-watching. This equates to an additional £5.1
million being brought into the economy of rural West Scotland.

DISCUSSION Hoyt (2000) estimated that in 1998 land- and boat-based whale- and dolphin-watching in
the Moray Firth generated £477,000 in direct revenue and £2.34 million in total revenue in 1998. Hoyt (2000) also
estimated that on the northern islands of Shetland, land-based whale-watching generated £109,000 as indirect spend.

As this study has demonstrated, whale-watching in West Scotland generated £1,767,971 in direct revenue. When
combined with the direct revenue generated by the Moray Firth dolphin-watching operations, an estimate of how
much money cetaceans bring directly into the Scottish economy would be £2.24 million per annum.

The estimate of indirect revenue generated by West Scotland whale-watching operations in this current study
amounted to £6.02 million per annum (associated spend from tourists coming to Scotland specifically to go whale-
watching plus the associated spend from extra nights spent as the result of whale-watching trips).

! Unless told otherwise by tour operators the following assumptions (based on information provided by tour operators) were made when

calculating this figure:

(8) Owing to the nature of the climate in the region, boat trips were unable to sail on 20% of planned trips in the tourist season.

(b) Onaverage, boats operated at two-thirds capacity.

(c) Only one boat operator continued running all year; however it was considered that the proportion of visitors on winter trips was negligible
and, therefore, boats were considered to operate only during the main tourism season (April — October).

(d) For those operators offering child and adult prices, 80% of passengers were taken to be adult passengers and the remaining 20% were
assumed to be children.
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When the West Scotland figures are added to the indirect revenue generated by cetacean-watching in the Moray Firth
and Shetland (£2.34 million and £109,000, respectively; Hoyt, 2000), the total amount of indirect income from
whale-watching in Scotland comes to £8.5 million per annum.

A conservative estimate of the total income from Scottish whale-watching (direct plus indirect expenditure) would
be a total of £10.7 million.

As a comparison, commercial hunting of whales in the whole of Japan generates £21.7 million per annum
(Economist, 2000). The income generated annually by whale-tourism in Scotland brings in half of the Japanese
commercial whaling revenue. The overall revenue from tourism in Scotland is £2.5 billion (STB, 2000). Whale-
watching plays a relatively tiny role (0.4%) in the total tourism economy but, in the peripheral coastal areas where
these businesses are located, the impact is much more significant.

This study has estimated that on average up to 12% of the local tourism revenue in such areas could be attributed to
whale-related tourism. In certain small communities this may be significantly higher. The success of one or two
small businesses can significantly lift a rural coastal economy and can help to diversify the economy away from
reliance on single or declining industries (such as agriculture, forestry and fishing).
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Table 1. Categories and definitions of whale-watching

Category Definition
1 Marine wildlife tour operator who advertises “whale-watching’ trips (either day trips, charters or cruises). 100% of
the operator’s income is attributable to using whales and dolphins as a draw for tourists. B -
2a Marine wildlife tour operator who draws substantially on cetaceans as a primary species in their marketing but does

not specifically mention ‘whale-watching’. For example, an operator who states that cetaceans are regularly seen,
who uses a cetacean logo or has prominent photographs of cetaceans in their marketing materials. Two-thirds of the
operator’s income is attributable to using whales and dolphins and a draw for tourists.

2b Marine wildlife tour operator who draws on cetaceans for marketing purposes to a lesser extent, for example,
mentioning that cetaceans are occasionally sighted. One-third of the operator’s income is attributable to whales and
dolphins.

3 Marine wildlife tour operators who make a brief passing reference to cetaceans in their marketing materials. For

example, a statement such as “on our return journey we may be lucky enough to see a porpoise”. 10% of the
operator’s income is aftributable to whales and dolphins.

Table 2. Categories and definitions of visitor centres featuring whales

Category Definition -
1 A visitor centre that has cetaceans as its primary theme, with virtually all its display space dedicated to cetaceans. If
the visitor centre has a shop, the majority of the merchandise sold in this shop has a cetacean theme. 100% of the
centre’s income is attributable to using whales and dolphins as a draw for tourists.
2a ‘A visitor centre that has the marine environment/natural history as its primary theme, with a significant proportion
of its display space, entailing several exhibits, devoted to cetaceans. Cetaceans are given a prominent position in
the centre’s marketing materials and if the visitor centre has a shop, a sizeable proportion (50-75%) of the
merchandise sold has a cetacean theme. Approximately two-thirds of the centre’s total income can be attributable
to using whales and dolphins as a draw for tourists.
2b A visitor centre which may have a small display area or one exhibit dedicated to cetaceans. Cetaceans may be
mentioned in marketing materials as a passing comment. If the visitor centre has a shop, some of the merchandise
sold (20-40%) has a cetacean theme. Approximately one-third of the centre’s total income can be attributable to
using whales and dolphins as a draw for tourists.

3 A visitor centre which may mention cetaceans in a display about the marine environment/natural history.
Marketing materials do not contain references to cetaceans. However, the centre has a shop which includes some
cetacean related merchandise (10-20% of total merchandise). Only 10%, or less, of the centre’s total income can be
attributable to whales and dolphins.

Table 3. A summary of the economic impact of whale-watching on the economy of rural West Scotland

Economic activity Revenue generated (£)
Whale-watching day trips 801,961
Whale-watching cruises 730,500

Visitor centres featuring cetaceans 235,510
Additional (indirect) income resulting from extra nights stayed as the result of 939,468
whale-watching trips

Additional (indirect) income from cetaceans drawing tourists to the region 5,085,723

Total economic impact of whale-related tourism in West Scotland 7.793,162
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Fig. 1. The distribution of whale-watching operators (black) and visitor centres featuring cetaceans (grey) on the
West Coast of Scotland. The outline boxes show the locations of the three survey sites

219



CHANGING STATUS OF MINKE WHALE (BALAENOPTERA AC UTUROSTRATA)
IN THE WESTERN ENGLISH CHANNEL

A.D. Williams and T. M. Brereton

Biscay Dolphin Research Programmne, 6 Manor Way, Lee on Solent, Hants PO13 9JH

The western half of the English Channel is a relatively shallow arm of the Atlantic Ocean between southern England
and northern France, which is heavily used for shipping, and other marine commercial activities such as oil
exploration and fishing. Minke whales (Balaenoptera acuturostrata) have a global distribution, and were formerly
resident in the English Channel in the first half of the twentieth century, but subsequently declined (Fraser 1990,
Williams, 1996). The species was considered extinct in the Channel by the 1960s, with the last published sighting
prior to 1966 (Evans, 1992). Following a gap of more than thirty years, minke whales were recorded in the Channel
by dedicated Biscay Dolphin Research Programme (BDRP) surveys during the summer of 1997 (third BDRP survey
year). Since then, there have been an increasing number of sightings on surveys in a restricted area of the western
English Channel, providing strong evidence for a very recent re-occupancy in that area. There have also been a
number of casual records off the south coast of England. Minke whales have been recorded in all seasons on BDRP
surveys, but the vast majority of records (c. 90%) have been made between June and November. A number of calves
have been observed, indicating that adult females may be using the Channel as a nursing ground during the period
shortly after calving. The significance of the results in terms of marine protected area designation and management
are discussed in this paper.

MARINE MAMMALS AND AQUACULTURE: CONFLICTS AND POTENTIAL RESOLUTIONS
B. Wiirsig and G. Gailey

Texas A&M University at Galveston, 4700 Ave. Bldg. 303, Galveston, TX 77551, USA

Two main types of marine-based aquaculture come into potential conflict with marine mammals: 1) extensive raising
of shellfish, such as oysters, mussels, and shrimp; and 2) intensive raising of finfish, such as salmon, catfish, and
trout. The first takes up space in near-shore waters but does not generally require nets or cages that can entangle or
otherwise hurt air-breathing vertebrates. It also does not require supplementary feeding, and therefore is not
generally a major attractant for marine mammals and others. However, shellfish aquaculture puts extra nitrogen into
the ecosystem, and can change local ecology where tidal and other flushing is minimal. It takes up extensive space
in inlets, fjords, and the like, and may compete for limited habitat access with foraging, resting, socialising, and
nurturant mammals. The intensive, but generally more localised, farming of finfish often requires supplementary
feeding, and both the stock in holding pens and the feed serve as powerful attractants to especially pinnipeds (but
toothed cetaceans, river and sea ofters, marine turtles, and sea birds are often involved as well). As such, major
problems are caused to the industry by destruction of gear and the target aquaculture species; and to the marine
animals by shooting, other techniques, and large-scale use of Acoustic Deterrent Devices (ADD’s) and Acoustic
Harassment Devices (AHD’s). No technique has proved highly successful, and the widespread use of ADD’s and
AHD’s is particularly problematic and largely untested. We recommend that due to potential for entanglement,
chemical and sound pollution, habitat loss or gross alteration, traffic, and changes in species interactions, all
proposed development of marine aquaculture in nature should be subjected to initial evaluations and — as needed —
scientific research relative to interactions between the food being raised by humans and the predators that attempt to
take advantage of this.
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HABITAT USE AND GENERAL BEHAVIOUR ANALYSIS AS A TOOL FOR
THE DESIGNATION OF MARINE PROTECTED AREAS

J. A. Fayos'?, A. Caftadas'?, S. Garcia-Tiscar'?, and R. Sagarminaga'*

! Alnitak - Universidad Auténoma de Madrid. Nalon 16, 28240 Hoyo de Manzanares, Madrid. Spain.
’SEC - Sociedad Espafiola de Cetdceos. Nalon, 16. Hoyo de Manzanares. Madrid. Spain.

INTRODUCTION The south-eastern coast of Spain is included in a three-year programme of the Spanish
Ministry of Environment for the identification of critical habitats for the conservation of cetaceans, within the
context of the creation of marine protected areas for the EU Habitats Directive, the Barcelona Convention and the
ACCOBAMS treaty. The analysis of habitat use and the importance of certain oceanographic and physiographic
parameters is one of the main targets of this programme, focusing especially on the importance of migration, feeding,
and breeding habitats for conservation.

The important productivity and biodiversity of the north-eastern Alboran Sea make this an environment where strong
economic, scientific and conservation interests clash. This is especially the case for the waters south of the bay of
Almeria, a region wheré many odontocetes share the same waters as fishing fleets, sports fishermen, yachtsmen,
divers and cargo ships.

The physical habitat preferences and the behaviour patterns of the five more representative odontocete species of the
Alboran Sea have been compared and analysed in order to use it as a tool for the siting and sizing of MPAs.

METHODOLOGY. Data fom 813 sightings (43,498 individuals) of five species from the last nine years were
analysed for the study. These species were the common dolphin (Delphinus delphis), striped dolphin (Stenella
coeruleoalba), bottlenose dolphin (Tursiops truncatus), long-finned pilot whale (Globicephala melas), and Risso's
dolphin (Grampus griseus). The research area, in the north-eastern section of the Alboran Sea, was divided into five
sub-areas, named A, B, C, D, E for the analysis. Effort was calculated by adding all the nautical miles sailed in each
area.

To determine the habitat preferences, we divided the number of individuals sighted in each area by the effort to
obtain an encounter rate. The Kruskal-Wallis analysis of variance and the chi-square analysis were used to test it.

The proportion of five categories of behaviour: travelling, feeding, socialising, milling, and resting were compared in
five different depth ranges from the coastline to 2000 metres. A chi-square non-parametric test was used to study the
relationship between the depth range and those five categories for each species.

RESULTS. The common dolphin appeared in all six sub-areas, but showed highly significant differences
among them (KW = 33.388, p<<0.001) with a clear preference for the bay of Almeria, and in second place for the
two sub-areas that cover the depths between 200 and 500 m (x°=2,986.01, df.=5, p<<0.001). As in the case of
encounter rate, shown by the shading in Figure 2, group size decreased as we moved to the deeper water areas. An
analysis of behaviour showed that foraging and milling were significantly more often observed in the coastal areas
from 1 to 200 m (feeding: %°=20.03, df.=3, p<0.001, milling: %’=22.81, df.=3, p<0.001), while socialising was more
frequent in deeper waters from 500 to 1000 m (x’=24.44, df=3, p<0.001), and travelling in the deepest range of over
1000 m (x*=14.28, df. =3, p<0.005).

The bottlenose dolphin showed a clear preference for area E, followed by A and to a lesser extent B. This agrees
with findings of the areas of the bay of Almeria (A) and the "Seco de los Olivos" seamount (E) as the preferred areas
for both a resident group and an immigrant group of bottlenose dolphins in the region. This species was rarely
encountered in areas of deeper offshore waters. Only feeding and milling were found to be significantly different
when comparing among depth ranges: feeding was more often observed in shallow waters (x*=6.13, d.f.=2, p<0.05),
and milling in deeper waters (%*=7.57, d.f=2, p<0.025).

The striped dolphin also showed highly significant differences in habitat use in the region (KW = 45.040,
p<<0.001). The encounter rate shading in Figure 4 clearly shows the high preference of this species for deep waters,
being almost completely absent from the continental shelf areas, A and D, and showing a gradient in between from
the deepest area to the shallowest (5°=20,463.52, df.=5, p<<0.001). Only the socialising category of behaviour gave
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significant results when compared among depth ranges, this category being observed most in deeper waters of over
1000 m (3°=17.64, df.=2, p<0.001). Insufficient feeding observations were available to perform a test.

The long-finned pilot whale and the Risso's dolphin both showed a very similar preference for area G, followed by
areas F and C (Risso's dolphin: KW=31.03, p<<0.001; x2=928.09, df.=5, p<<0.001; pilot whale: KW=48.52,
p<<0.001; %*=4,990.64, df=5, p<<0.001). As in the case of the striped dolphin, these two species were not observed
in continental shelf waters. For the pilot whales, only the categories travelling and resting had sufficient observations
to be analysed, and only the category travelling for Risso's dolphin, with no significant differences for any of them.

DISCUSSION The six areas analysed are characterised by their important primary and secondary production,
which is the result of the Eastern Alboran Gyre. Area A has been highlighted by oceanographical studies (Rubin ef
al., 1992) as one of the main breeding sites for several commercial and non commercial small pelagic fish that are a
favoured prey of the common dolphin (Rubin et al., 1992; Gil, 1992; Cafiadas et al., 1999). The behavioural studies
confirmed the importance of the area of the bay of Almeria as an important foraging habitat for this species.

Area E includes the seamount "Seco de los Olivos", a volcanic mountain rising from a depth of 500 m to 26 m. Apart
from inducing upwellings (Rubin et al., 1992), the physiography of the "Seco de los Olivos" aggregates benthic and
demersal species, which include several prey species of bottlenose dolphins (Cafiadas et al., 1999). It is therefore not
surprising to encounter this species more frequently in this area, and to observe it foraging at the depth ranges where
those prey species are confined.

The other three species included in the analysis can be catalogued as deep-sea squid eaters. The analysis clearly
showed their preference for the areas with depths between 500 and 1500 m (F and C), and especially for area G.
Behaviour analysis of these cetaceans in deep waters did not show any significant results, except for striped dolphins
that seem to prefer to socialise in deeper waters. Since small cetaceans in these depths will most likely be foraging at
night, taking advantage of squid vertical migrations, future studies will include night surveys in these areas using
squid capturing devices.
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ARRIVAL AND PERMANENCE OF AN IMMIGRANT GROUP OF BOTTLENOSE DOLPHINS
(TURSIOPS TRUNCATUS) IN THE NORTH-EASTERN ALBORAN SEA

S. Garcfa-Tiscar, R. Sagarminaga, and A. Cafiadas

ALNITAK - Universidad Auténoma de Madrid. Nalon 16. 28240 Hoyo de Manzanares, Madrid, Spain

INTRODUCTION In order to implement the EU Habitats Directive, the Barcelona Convention, and the
ACCOBAMS agreement of the Bonn Convention, a three-year research programme was initiated in 1999 by Spain’s
Ministry of the Environment, to carry out research for the designation of Marine Protected Areas. The present study,
included in this programme, focuses on the bottlenose dolphin (Tursiops truncatus), one of the most threatened
species in the Mediterranean (Habitats Directive, [UCN, Spanish National Endangered Species Act). The bottlenose
population in this basin appears at present to be fragmented, having suffered an important decline over the last
decades (Cagnolaro and Notarbartolo di Sciara, 1992, Notarbartolo di Sciara and Demma, 1994, UNEP/IUCN 1994).

In 1992, Alnitak initiated a study in the north-eastern region of the Alboran Sea (Western Mediterranean), focusing
on the ecology of several cetacean species including the bottlenose dolphin. In 1997, an important change in
population structure was detected. A new group of over 80 dolphins was tracked as it entered the research site,
“prospecting” it before settling in a region where they have been observed regularly since then.

METHODOLOGY Data from eight years (1992-2000) of shipboard surveys of cetacean populations have
been analysed, focusing on the identity of the populations, their conservation status, and habitat use. Over 7,084
nautical miles (13,148 km) have been sailed onboard the research ship “Toftevaag” in a research site of 10,700 km?
in the north-castern part of the Alboran Sea, a region of extraordinary oceanographic characteristics that has been
highlighted as specially important for several species of odontocetes (Cafiadas and Sagarminaga, 2000; Cafiadas et
al., 1999a, Forcada and Hammond, 1998). A total of 199 bottlenose dolphin sightings have been made between 1992
and 2000.

Data on distribution, habitat use, behaviour, social structure, and other important population parameters were
collected in every sighting, together with a series of environmental variables.

Previous studies in the area (Cafiadas et al., 1999a) show two "hot spots" for bottlenose dolphins in the research site:
the Almeria Bay, and the Seco the los Olivos (a submarine mountain) (Fig. 1). In order to explore habitat use before
and after the arrival of the new group, some analyses were made, comparing these two areas and the rest of the
research site. A comparison was also undertaken between some population parameters before and after the arrival of
the "immigrant" group, in order to assess whether a change in population structure has occurred.

RESULTS A comparative analysis of the encounter rates before and after the arrival in the research site of the
"immigrant" group shows a significant increase in the population density of the species in the area. The encounter
rate increased significantly in the research area after the arrival of the new group. (Encounter rate: before = 0.679,
after = 1.724, *=38.0, df =1, p<0.001). Group size changed also significantly, and larger groups were found (Figs 1
and 2). The proportion of calves did not change with the arrival of the new group (Table 1).

Depth was also analysed, but since the variable was not normally distributed, the logarithmic transformation was
applied. No differences in depth preferences were detected (Table 1).

Some analyses in behaviour were also undertaken, taking into account five categories: Socialising, Milling, Feeding
or Foraging, Travelling slow, and Travelling fast. The y” test showed no differences (x’=3,806; df =4) (Fig. 3).

To analyse habitat use before and after the arrival of the new group, comparisons among the encounter rates in these
two important zones ("El Seco de los Olivos" seamount, and bay of Almeria) and the remainder of the research area,
were made. In both situations, before and after the arrival of the immigrant group, significant differences existed
(Table 2), showing a strong preference for these "special places”. This analysis also showed no important differences
in the habitat use before and after the arrival.

DISCUSSION The arrival of the immigrant bottlenose dolphin group in the research site in 1997 resulted

in a series of changes at the population level in the sense that there has been an increase in the density of bottlenose
dolphins in the region as well as an increase in group size. However, habitat use and behaviour analysis have shown
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no significant changes. Dolphins seem to use the same productive regions that the previous resident group used to
prefer.

The arrival of this new bottlenose dolphin group in the region occupied previously by a resident group, poses several
questions about the relations between the two. The three most obvious questions could be:

1) Has the resident group been excluded from the region by the immigrant group?
2) Have the immigrant group and the resident groups mixed?
3) Are both groups occupying the region in sympatry?

The preliminary results of the photo-identification study indicates that the first option can be eliminated, as there
have have been several photographic "recaptures” of individuals of the initial group since the arrival of the
immigrant group. Even if photo-identification analysis still needs to be extended in order to be conclusive, the third
option of sympatry seems to be the most likely answer.

Unfortunately, the lack of research involving photo-identification in adjacent waters prior to 1997, does not allow us
to compare catalogues, in order to determine where these dolphins have come from, and it is therefore difficult to
look into the possible reasons for its immigration within the research region. The coincidence of this immigration
with other simultancous oceanographic changes occurring in this region of the Mediterranean, coinciding in turn
with the "year of the Nifio" (Beaubrun, 1999; Cafiadas et al., 1999b) poses the question of how these phenomena
could be related.

The north-eastern section of the Alboran Sea, and specially the waters around the Seco de los Olivos sea mount, is
known for its important primary and secondary production, aggregating several preferred prey species of the
bottlenose dolphin. The arrival and settlement of this immigrant group in the region confirms also the importance of
this region for that species in the Medierranean Sea.

CONCLUSIONS No changes in habitat use or behaviour have been detected in the region with the arrival of
the immigrant group. At the population level, several important changes have been detected: an important increase in
population density, and an important change in social structure, with an increase in group size. The previous status of
the immigrant group and the reasons for its immigration are as yet unknownThe south-eastern section of the Alboran
Sea is an area of special importance for the conservation of the bottlenose dolphin.
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MEAN | MEAN | MEDIAN | MEDIAN [STATISTICAL
VALUE | VALUE | VALUE | VALUE | TEST [*SD0CIATED
"BEFORE"|"AFTER" |"BEFORE"| "AFTER" | RESULT. .
Log t- Student =
Depth 2,2964 2.4207 2,3424 24771 1.788 0,0761
U Mann-
Calves | 03333 1,1071 1,0000 0,0000 Whitney = 0,0234
792.5
Grou U Manz-
Sizep 10,3333 | 40,0000 10,0000 19,0000 Whitney = 0,0001
934,5
Table 1. Statistical test results.
MEAN | MEAN |RANK| RANK | UMANN- |ASSOCIATED
VALUE | VALUE | SUM SUM |WHITNEY| P-VALUE.
"HOT- |"OTHER" |“HOT-|“OTHER”| TEST
SPOTS" SPOT” RESULT.
“BEFORE”| (.2829 0.0932 4874 4037 1714 0.0056
“AFTER” | 0.5702 0.0577 | 14200 9671 3760 0.0004

Table 2. Statistical test results for the habitat use analyses.
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Figure 2. Sightings of bottlenose dolphins after the arrival of the inmigrant group.
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Figure 3. Behaviour frecuencies before and after the arrival of the inmigrant group.
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PRELIMINARY DELIMITATION OF AREAS OF INTEREST FOR THE
BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS) AND THE. HARBOUR PORPOISE
(PHOCOENA PHOCOENA) IN GALICIA (NW SPAIN)
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"2 YECOBIOMAR, Instituto de Investigaciones Marinas-(CSIC), Eduardo Cabello, 6, 36208, Vigo, Spain.
23.43Coordinadora para o Estudio dos Mamiferos Marifios (CEMMA), Apdo. 156. 36380, Gondomar, Spain

INTRODUCTION The presence of the bottlenose dolphin (Tursiops truncatus) and the harbour porpoise
(Phocoena phocoena) in the coastal waters of Galicia (NW Spain) is very well documented for hundreds of years.
However, there is a lack of knowledge concerning their abundance, distribution, and habitat use.

MATERIALS AND METHODS Between 1990 and 2000, CEMMA and ECOBIOMAR have established annual
coastal cetacean-sighting surveys and a stranding network on the Galician coasts.

The criteria used for defining areas of interest for cetaceans were the number of sightings, number of strandings,
cetacean utilisation of the area, and a study of the human activities developed in those areas.

RESULTS During the last ten years, 276 strandings and 1977 sightings of both species have been recorded,
representing 20% of all cetacean strandings and 72% of all cetacean sightings. Of these data, the bottlenose dolphin
represents 60% of the strandings and 96% sightings, with the harbour porpoise accounting for the remaining 40%
(strandings) and 4% (sightings) (Martinez et al., 1995) (see Tables 1 and 2).

The distribution of the bottlenose dolphin seems to be divided into at least five different groups, all along the
Galician coast. The most important group is located between the Ria of Vigo and Ria of Pontevedra, and includes
more than 100 individuals. Some geographical areas in these Rias have been recognised as feeding and play areas.

It is more difficult to estimate population rates and use of habitats for the harbour porpoise, due to the lower
frequency of sightings, the low group size, and their shy behaviour.

Based upon all these data, six areas have been defined as zones of special interest for both species, and one more for
the harbour porpoise alone (Fig. 1).

CONCLUSIONS This preliminary study has demonstrated the need for more accurate studies about the
ecology of these species in Galician waters, and the threats that they face in these areas. All this information will be

necessary for the definition of management programmes for thesé two species included in the National Catalogue of
Threatened Species of Spain.
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Table 1. Sightings and strandings of bottlenose dolphins in the six sub-areas

1 2 3 4 5 6 |
Sightings 35 151 207 214 375 919
Strandings 3 16 36 32 51 29
Table 2. Sightings and strandings of harbour porpoise in the six sub-areas
1 2 3 4 5 6
Sightings 3 0 4 1 46 22
Strandings 2 9 10 17 43 28

Fig. 1. Dark grey areas define the zones of special interest for harbour porpoise and bottlenose dolphin in G
waters. The southern area applies only to the harbour porpoise.
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A SHORE-BASED SURVEY FOR SMALL CETACEANS
OFF SOUTH-EASTERN BRAZIL (1999-2000) WITH EMPHASIS ON
THE LONG-BEAKED COMMON DOLPHIN (DELPHINUS CAPENSIS)

L. B. Hassel', T. Fernandes', E. Demari e Silva' and S. Siciliano?

! Projeto Baleias e Golfinhos de Arraial do Cabo, Museu Nacional/UFRJ, Rua Epitdcio Pessoa 8,
Arraial do Cabo, RJ 28930-000, Brazil
*Museu Nacional/UFRJ, Departamento de Vertebrados, Setor de Mamiferos, Rio de Janeiro, RJ 20940-040, Brazil

INTRODUCTION The Cabo Frio upwelling system (23°S, 42°W) is an anomaly on the west side of the
Atlantic Ocean on the coast of Rio de Janeiro state, Brazil. A change in coastal direction from north-south to east-
west at Cabo Frio and the proximity of the 100-m isobath, leads to a topography which promotes upwelling of deep
South Atlantic Central Water (SACW).

The former Cabo Frio whaling station catch hundreds of large whales in the early 1960s. Although a suitable place
for conducting research on cetaceans, only a few studies have been conducted in the area (Gomes, 1984; Azevedo,
1997). The occurrence of large aggregations of small cetaceans in this area seems to be related to these enriched
waters.

MATERIALS AND METHODS A shore-based survey was conducted in Arraial do Cabo, south-eastern
Brazil from July until October, 1999, and from June until November, 2000. Regular observations were performed
during daylight hours on the top of Pontal do Atalaia (22°58'S, 42°01'W), which is a 74 m high prominent headland.
Cetaceans were searched by reticule binoculars 7x50mm (TASCO OFFSHORE-54), and a telescope (BUSHNELL).

RESULTS A total of 188 days and 929.4 hours were spent on effort, and resulted in sightings of the
following species: long-beaked common dolphin (Delphinus capensis), bottlenose dolphin (Tursiops truncatus),
Atlantic spotted dolphin (Stenella frontalis) and orca (Orcinus orca). The long-beaked common dolphin represented
43.4% of all small cetaceans sighted during the surveys (Fig. 1). Group size ranged from two to ca. 150 individuals,
and was greatest between September and November (Fig. 2). The closest group was sighted 0.44 nm and the furthest
3.27 nm off Pontal do Atalaia. Most groups were sighted in waters less than 100 m depth. Foraging behaviour was
observed in 86.3% of the sightings, and, of these, 79% were associated with seabirds (Fig. 3). Calves were present in
73% of all groups sighted.

DISCUSSION Common dolphins are highly variable geographically, and their occurrence ranges across the
seas of the entire world (Norman and Fraser, 1937), but is not found in colder waters. This species is associated with
a minimum surface temperature of about 14°C as described by Gaskin (1967) in New Zealand. The genus Delphinus
seems to occur more frequently in areas of high relief than in areas of low relief (Clifford, 1993). The availability of
prey species over areas of different relief may be a major factor influencing the distribution patterns of these animals.
Food may be more available in a complex aquatic environment; therefore, common dolphins can be expected to
become more numerous as the submarine topography becomes more complex.

The distribution of Delphinus spp. along the Brazilian coast is poorly known, with a few records of sightings and
strandings in south and south-eastern Brazil (Zerbini et al., 1998).

Common dolphins are primarily pelagic, commonly found above depths of 200 m, but inshore forms occur in some
areas (Majluf ez al., 1989). In several parts of the world, two types of common dolphins appear to exist: a long-
beaked coastal type, and an offshore type with a short-beak. Recent research indicates that these two types represent
separate species (Heyning and Perrin, 1994). The prey of common dolphins consists largely of small schooling fish
and squid, which are abundant in Arraial do Cabo upwelling waters, and in accordance with some authors (Jefferson
et al., 1993), these organisms are the main food for D. capensis.

Hui (1979) described the seasonal aggregations of D. delphis in relation to availability of food in upwelling waters in
the southern California Bight. This situation seems to occur off Arraial do Cabo since the occurrence of larger groups
increases during spring - summer. In addition, the peak of upwelling in this area occurs in summer which provides
favourable conditions for pelagic planktivorous fishes - such as the Brazilian sardine (Sardinella brasiliensis) - and
neritic squids (Loligo sanpaulensis and L. plei), supporting one of the most important fisheries in the region
(Valentin, 1994).
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The food of this species usually occurs in submarine canyons and escarpments in areas of upwelling. The upwelling
results in a high density of plankton and , consequently, in a large trophic web and high biodiversity. Some of the
major effects of upwelling occur at the base of the food chain, and this situation appears to be reflected in seasonal

availability of common dolphin's food and, subsequently, in the local distribution of D. capensis.
The nutrient-rich upwelling waters of Arraial do Cabo seem to represent an important breeding, calving, and
foraging ground for long-beaked common dolphins. The association of D. capensis with these waters is evidence of

the complex trophic relations of tropical marine ecosystems. While these speculations are reasonable, no firm
conclusions can be drawn until more information is gathered.
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Frequency of occurence of small cetaceans off
Arraial do Cabo 1999-2000.

Delphinus Unidentified Spotted Bottlenose Orca

Fig. 1. Frequency of occurrence of small cetaceans off Arraial do Cabo, 1999-2000
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Fig. 2. Seasonal variation in group sizes of Delphinus
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IS CROATIA READY FOR ITS FIRST MARINE RESERVE DEDICATED
TO THE PROTECTION OF CETACEANS?

P.C. Mackelworthl’z, C. M. Fortuna™*, and D. Holcer'”

!Blue World, Zad Bone 11, Veli Lo_inj, Croatia, (e-mail: <adp@hpm.hr>)
?University College London, Gower Street, WCIE 6HA, London, UK
*Tethys Research Institute, viale G.B. Gadio 2, I-20121 Milano, Italy

*University of St. Andrews, St. Andrews, Fife, KY16 8LB, Scotland, UK

*Croatian Natural History Museum, Demetrova 1, 10000 Zagreb, Croatia

Bottlenose dolphins in Kvarneric have been studied using photo-ID techniques since 1990. The size of the
community estimated, based on the study season of 1997, places the population at 113 dolphins (95% CI=107-121,
SE=6.967), well below the figure of 250 individuals that the ITUCN recognise as ‘critically endangered’ for isolated
populations. Our aim is to look at the environmental factors affecting the proposed Dolphin Reserve of the Cres-
Lo_inj Archipelago and to determine whether the political and policy framework is currently in place to promote its
protection. The proposed Marine Reserve faces many problems. Overfishing, boat traffic, and land-based pollution
are all major threats, with a 30% decline in total catch from 1988-90, and a 400% increase of registered boats in the
archipelago in the summer months. Only a limited part of the islands is serviced by a sewerage system; most of the
sewage is produced is treated in an unsatisfactory manner. All these problems are intrinsically linked to tourism.
Tourism on the island peaked in 1987 with over 3 million tourist-nights; this figure declined to 560,000 in 1991, and
since the end of the troubles, tourism has once again increased to 1.4 million tourist-nights in 1999. The archipelago
itself accounts for over 4% of the total tourist population of Croatia. Even more alarming is the 40% growth of
tourism by 2015 proposed by the local authorities. The new national nature protection law currently being drawn up,
incorporates the principles of the Bern Convention and ACCOBAMS, and this has fostered the feeling of change
towards the environment in Croatia. The realisation that the quality of the environment and tourism are inherently
linked, meetings with the Ministry of the Environment and the local authorities have encouraged the belief that the
proposal will be met with a significantly more positive attitude than on previous occasions.

ORGANOCHLORINE CONCENTRATIONS IN RESIDENT
BOTTLENOSE DOLPHINS TURSIOPS TRUNCATUS SAMPLED BY
BIOPSY DARTS IN THE SHANNON ESTUARY, IRELAND

B. McHugh?, S. D. Berrow’, K. Parsons’, R. W. Baird* and S. K. Hooker®

! Shannon Dolphin and Wildlife Foundation, Merchants Quay, Kilrush, Co. Clare, Ireland
* Marine Institute, Fisheries Research Centre, Abbotstown, Castleknock, Dublin 1 5, Ireland
* Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen, UK
! Department of Biology, Dalhousie University, Halifax, Nova Scotia, Canada
? British Antarctic Surve 2y, High Cross, Madingley Road, Cambridge, UK

The Shannon estuary is a candidate marine SAC for bottlenose dolphins. Information quantifying potential threats to
the dolphins and their habitat is essential for proper conservation management. Bottlenose dolphins resident in the
Shannon estuary were sampled using a crossbow to investigate the levels of organochlorine concentrations.
Sampling known individuals from a resident group allows the long-term impact of biopsy sampling to be assessed.
Eleven OC (HCB, a-HCH, g-HCH, pp-DDE, pp-DDT, pp-DDD, op-DDE, dieldrin, a-chlordane, g-chlordane, t-
nonachlor) and 10 individual chlorobiphenyls and the sum of the seven congeners (CB 28, 52, 101, 118, 138, 153,
180) recommended by ICES for meonitoring purposes, were analysed. The sex of each sampled animal was
determined from DNA analyses of skin.

Between 17-22 September, 2000, tissue samples were obtained from eight dolphins (six males and two females).
The strike rate was 100% and tissue samples (both skin and blubber tissue) were obtained from all biopsy attempts.
The primary reaction observed to biopsy was a short-term behavioural response. However, the single strong reaction
observed resulted from a misplaced hit (which struck the base of the dorsal fin rather than the flank area) and
suggests that this technique should only be attempted by experienced researchers in optimum conditions.
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PHYSICAL HABITAT OF CETACEANS ALONG THE CONTINENTAL SLOPE
OF THE WESTERN LIGURIAN SEA

A. Azzellino', S. Airoldi?, S. Gaspari’, P. Patti*, and A. Sturlese’

"% “Tethys Research Institute, viale G. B. Gadio 2, 20121 Milano, Italy
University of Durham, Department of Biological Sciences, Durham, England.
? Portofino 82 - m/b Corsaro, Santa Margherita Ligure, ltaly

INTRODUCTION The physical habitat of cetaceans found along the continental slope in the Western
Ligurian Sea was investigated. The study area is approximately encompassed between the 50-m and 2000/2500-m
isobaths, from Imperia, to southwest of Cap Ferrat (Fig. 1). Surveys were conducted from May to October, from
1996 to 1999, covering an area of ca. 3,000 square km, with a mean effort of about 10,000 km year .

MATERIALS AND METHODS Sightings data were opportunistically collected from two different
sighting platforms: a dedicated 12 m research sailboat, and a commercial whale-watching motor boat (Corsaro).
Effort data (course, speed, etc) and sea state were recorded on both ships with a data logging system (IFAW —
LOGGER Data Logging Software). Data on position, species, group size, presence of juveniles/calves, were also
recorded. A GIS (SPSS, Maplnfo) was used to divide the study area into 180 cells, measuring 3x3 nautical miles
each, and to integrate sightings data to a set of environmental characteristics, which include bottom gradient, area
between different isobaths, length and linearity of the isobaths within a cell unit. Effort was evaluated in terms of km
of tracklines per cell unit. Kilometres surveyed on negative sea conditions (presence of white caps, Beaufort higher
than 2-3) were eliminated from the total trackline length count.

The amount of effort per cell unit was expressed by the following formula:

Ratio = Effort..y/ Effort,,

Moreover, as a measure of the animal’s preference with respect to cells with different environmental characteristics,
a Habitat Score was defined and computed for every cell, by cetacean species, on the basis of the following formula:

o . o ¢ .
n°animals ., 7 sightings...,
max anim,,, maxsighting_,

km,,,
km

Habitat Score,,, =

RESULTS A total of 532 sightings have been reported including all the species occurring in the area: striped
dolphin Stenella coeruleoalba (67%), fin whale Balaenoptera physalus (17%), sperm whale Physeter macrocephalus
(4%), long-finned pilot whale Globicephala melas (1%), Risso’s dolphin Grampus griseus (6%), Cuvier’s beaked
whale Ziphius cavirostris (4%), and bottlenose dolphin Tursiops truncatus (1%). Habitat use and preference were
investigated using a Multidimensional Scaling (MDS) analysis that allowed a graphical representation of the cell
similarities, independent of their relative geographical position (Fig. 2). Significant differences in habitat selection
were found for all the species (Figs. 3a, b, c, d) with the exception of striped dolphin and fin whale, both of which
were homogeneously distributed across the area (Figs. 3a and 3b). In particular, fin whale distribution appeared to be
more influenced by seasonal variation than by habitat preference. An ANOVA test, applied to the co-ordinates of the
cell centroids where each cell contribution was weighted by the Habitat Score, has outlined significant differences in
different years (latitude: F=29.04, p<0.01; longitude: F=7.56; p<0.01). Moreover, a Discriminant Analysis, applied
to cell centroids as well, revealed that July whale distribution was skewed eastward with respect to the August
distribution, independently from the year of observation (Table 1; Fig. 4). A possible explanation for rthis could be
related to the counterclockwise circulation, typical of the area, that might create “east-to-west” patterns in the krill
distribution.

For striped dolphins, a group size-dependent habitat use was found (MANOVA Wilks-Lambda=0.92; Rao-R=2.23,
p<0.05; see Table 2). As before, the MANOVA analysis was applied to cell centroids weighted by their Habitat
Score. The results suggest that striped dolphins may prefer certain areas for specific activities that require larger
group sizes.
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Risso’s dolphins, Cuvier’s beaked whales, and sperm whales occurred in a distinct depth range (Fig. 5), generally
corresponding to steeper bottom gradients. With Discriminant Analysis (Table 3), a correct classification was made
of 93% of Risso’s dolphin, 50% of Cuvier’s beaked whale, and 86% of sperm whale sightings, just on the basis of
bottom gradient and depth, suggesting for sperm whale a habitat overlapping one of the other two species.

CONCLUSIONS Most of the species present definite habitat preferences. Although striped dolphins and fin
whales appeared to be homogeneously distributed across the areas, both showed a differential habitat use
respectively as a function of group size and seasonal variations. Deep-divers (Risso’s dolphin, sperm and Cuvier’s
beaked whales) were found associated to a definite depth range and steeper bottom gradients. Discriminant Analysis
revealed for sperm whale a certain degree of habitat overlap with respect to the other two species.

ACKNOWLEDGEMENTS This work would not have been possible without the help and support of many
people. We wish to thank: Barbara Nani and Marco Ballardini for the many hours spent at sea aboard Corsaro. Their
professionalism and scrupulous reporting of sightings data have been indispensable. We thank also all the people
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campaigns, and to Maddalena Jahoda and Carla Almirante for their support, friendship, and precious advice.

Fig.1: Study Area
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Fig.4: Discriminant Analysis of fin whale distribution in the July/August period.

Fig.5: Depth and slope ranges of the deep-diver species: Pm: sperm whale;
Gg: Risso’s dolphin; Zc: Cuvier’s beaked whale.

Table 1: Discriminant Analysis of fin whale distribution in the July/August period

Classification Matrix
Rows: Observed
Columns: Predicted

July August
9 Correct  p=.50 p=.50 tot
July 66.7 18 9 27
August 63.6 12 21 33
Total 65 30 30 60
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Table 2: MANOVA applied to cell centroids weighted by the Habitat Score

MANOVA
1-Month, 2-Groupsize June, July, August

Wilks's Lamba Rao's R df1 df2 p-level
1 0.9881 0.792 4 530 0.531
2 0.9210 2.228 10 530 0.015
12 0.9018 1.406 20 530 0113

Table 3: Discriminant Analysis of deep-diver species as function
of depth and slope. Each cell weighted by its Habitat Score.

Slope-Depth
Classification Matrix
Rows: Observed
Columns: Predicted

% Gg Pm Zc
Correct p=.333 p=.333 p=.333
Gg 92.9 13 0 1
Pm 50.0 2 8 6
Zc 85.7 0 1 6
Total 73.0 15 9 13
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A PRELIMINARY INVESTIGATION ON CETACEAN HABITAT
IN THE LIGURIAN SANCTUARY (SIRENA’99)

A. Azzellino', A. D’ Amico?, D. McGehee’, and N. Portunato*
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2. 4gaclant Undersea Research Centre, V.le San Bariolomeo, 400 — 19138 La Spezia, Italy
30cean Science Research Group, Analysis & Applied Research Division,
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INTRODUCTION The present study is part of a larger programme entitled "Sirena", sponsored by the
NATO SACLANT Undersea Research Centre (SACLANTCEN). Its aim is to collect an integrated biological and
hydrographic database in order to investigate cetacean distribution in the Ligurian Sea Sanctuary for Cetaceans.
Sirena surveys, undertaken during the summer of 1999 from the 3™ to 13" of August, and covering a total of 2,058
km. This offered the opportunity to compare environmental measurements with cetacean sightings on the same
spatial-temporal scale (Fig. 1). More than 30 oceanographic and lower trophic level measurement stations (including
CTD, fluorescence, small zooplankton abundance, measured acoustically and with plankton net hauls), each spaced
12 nautical miles from the others, have been made by the Italian Navy Hydrographic vessel, the ITS Magnaghi.
Concurrently, a visual watch for cetaceans was conducted aboard the ITS Magnaghi and the SACLANT CEN's RV
Alliance. Further details about *99 and *00 Sirena surveys can be found in Teloni et al. (2001).

MATERIALS AND METHODS Sightings data have been collected along a combined track length of
695 km (ITS Magnaghi) and 1,363 km (RV Alliance), consisting of a total of 529 hours of daylight observations.
Ship position, course, and speed were recorded by means of data logging systems present on both ships. Lower
trophic level data were collected by means of a profiling package consisting of a Conductivity, Temperature and
Depth (CTD) probe, a fluorometer (measuring fluorescence as a proxy for chlorophyll-a), and a Tracor Acoustic
Profiling System (TAPS). TAPS in particular collected acoustic volume backscattering data at six frequencies: 265
kHz, 420 kHz, 700 kHz, 1.1 MHz, 1.85 MHz, and 3 MHz. The volume backscattering data from the TAPS were
transformed into estimates of zooplankton abundance by means of the matrix inversion algorithm that provides
estimates of biovolume, measured in mm’/m’, as a function of size-class, employing the non-negative least squares
(NNLS) method (Lawson and Hanson, 1974; Holliday, 1977; Greenlaw and Johnson, 1983). Five size-classes have
been defined in terms of Equivalent Spherical Radius (ESR): Biovolume BV1: 0-0.375 mm ESR, Biovolume BV2:
0.375-0.725 mm ESR, Biovolume BV3: 0.725-1.725 mm ESR, Biovolume BV4: 1.725-2.475 mm ESR, and
Biovolume BV5: 2.475-3 mm ESR.

RESULTS Principal Components and Multiple Regression Analysis were used as exploratory tools to assess
correlations among biovolume fractions, chlorophyll-a, and temperature profiles. The analysis was performed using
the sum, the mean, and the standard deviation of each environmental parameter, calculated over the entire profile
(Fig.2, Table 1). Then Multidimensional Scaling (MDS) was used to assess similarities among profiles of different
stations. Euclidean Distance was used as a measure of similarity. All the stations appeared to the MDS as quite
homogeneous with few scattering stations and all the others grouped together.

In order to integrate cetacean data and the environmental context, the study area was divided into 816 cell units of
0.1 degree of latitude and longitude by using a customised Geographic Information System (ESRI-ArcView). After
that, and in consideration of the i