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INTRODUCTION

For the first time in their histories, the European Cetacean Society and the Society for Marine Mammalogy
joined forces to organise the first World Marine Mammal Science Conference, in Monaco between 20" and
24" JTanuary 1998.

This represents the Twelfth Annual Conference of the ECS. In line with previous years, the Proceedings that
follow comprise those papers on subjects relating to European marine mammals or from ECS members. The
conference was attended by around 1,200 persons from 55 countries. Its success was largely due to the efforts
of Anne Collet (ably supported by Isabelle Deval, Bellou Kuhn, Olivier Van Canneyt, Cyril Hue, Eric
Poncelet and Karine Le Coq) who devoted much of the previous two years to ensuring that the conference ran
moothly. Many others also played a crucial role: the SMM board particularly Ian Stirling, Roger Gentry and
Dan Odell; the ECS board particularly Christina Lockyer, Greg Donovan and Ursula Siebert; the chairs and
members of abstract Review committees; ECS & SMM student volunteers lead by Paula Moreno and Leah
Gerber; and last but by no means least, Terry Odell. A list of those participating in the various commiltees
follows this introduction.

We gratefully acknowledge the contribution to the conference made by the following organisations: Air-
France, Argos, Art Graphic 89, Centre de Recherche sur les Mammiferes Marins de La Rochelle, Centre des
Congres Auditorium Monte-Carlo (CCAM), Heli-Air, Hotel Loews, Insituto Centrale per la Ricerca al Mare
(ICRAM), International Whaling Commission, MAAF Assurances, Marineland Antibes, Ministere d
I'Amenagement du Territoire et de I'Environnement (France), Musee Oceanographique (Monaco), North
Atlantic Marine Mammal Commission (NAMMCO), Office of Naval Research (ONREUR & ONR), Sea
World Inc., Sir Speedy, SPA/RAC (UNEP/MAP) and Ville de La Rochelle.

For the first time, all summaries contributed to the Proceedings have been peer reviewed, and the editors
would like to thank in particular those reviewers who gave up their time to give experl comment: John
Baker, Juan Balbuena, Giovanni Bearzi, Harald Benke, Ray Bernor, Arne Bjorge, David Bohaska, Jim Boran,
Oliver Chappell, Peter Corkeron, Mariano Domingo, Dagmar Fertl, Jaume Forcada, Caterina Fortuna,
Alexandre Gannier, Joe Geraci, Guido Gnone, John Goold, Jonathan Gordon, John Harwood, Mads-Peler
Heide-Jorgensen, Denise Herzing, Lex Hiby, Rus Hoelzel, Vincent Janik, Tom Jefferson, Paul Jepson,
Robin Law, Justin Matthews, Colin McLeod, Michel Milinkovitch, Vic Peddemors, Michela Podesta', Toni
Raga, Vincent Ridoux, Ursula Siebert, Chris Smeenk, Rene Swift, Sean Twiss, Ben Wilson, Bemd Wursig,
Kerstin Young, and Margherita Zanardelli.

Contributions have been arranged broadly by subject. Those extended summaries which have been accepted
after review appear first in each subject category, followed by half-page abstracts (including those who did not
wish to submit extended summaries). Each set is arranged alphabetically by first author. For the benefit of
contributors to future Proceedings, instructions are given at the back of this volume.

An enormous amount of effort has gone into the editing and production of these Proceedings. In this
connection, I should like to thank my co-editor Chris Parsons, along with Anna Colbert and Rachel King for
their invaluable help in typing, editing, and lay-out. Together, hundreds of hours have been

spent towards the final production, whilst Toni Raga has been responsible for organising its printing in
Valencia.

Peter G.H. Evans

POST SCRIPT

Christina Lockyer, as chairman of the ECS, would like to express the Society's great appreciation of Peter
Evans' continued efficient and successful efforts in editing and producing the Proceedings.
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YOU SEE ME, I SEE YOU: THE EFFECTS OF ECO-TOURISM ON
THE GREY SEAL BREEDING SITE AT DONNA NOOK,
LINCOLNSHIRE, UK.

Damian C. Lidgard

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

INTRODUCTION  Despite the increase in marine mammal watching throughout
the world, the effects of human disturbance on marine mammal populations remain
largely unknown. Donna Nook is a National Nature Reserve on the east coast of England
and is home to a breeding colony of grey seal (Halichoerus grypus) (Brown and Booth,
1991). The colony is divided between a sand-bar and the top-shore which lies 2 km
from the sand-bar and the Mean Low Water Mark. Each year, an estimated 10,000
people visit the colony during the short 7 week breeding season (Fairhurst, 1993).

Females at the top-shore rookery do not feed and remain close to their pup during the
intense 2 to 3-week lactation period (pers.obs.). Since the transfer of energy from
mother to pup is a closed system, extraneous behavioural activities associated with
human disturbance may lower the efficiency of energy transfer and thus lower the pup
growth rate and weaning mass. In light of the increasing number of visitors to the
reserve, a study was conducted to determine the effects of human disturbance on the
maternal performance of grey seals.

METHODS The study area was situated at the top-shore rookery. A fence,
which ran parallel along the top-shore, prevented public access to the rookery although
late in the season seals moved beyond the fence and were accessible to the public. Two-
thirds of the study area was designated as the control, low disturbed, area and lay
between an access path, 20 m from the fence, and the sea. The high disturbed area
encompassed the access path and a small area of established dune beyond the fence.

Visitors in the study area were counted during 68 one-hour observation sessions using
scan sampling, from 7th November to 10th December 1995. Eighteen focal mother-pup
pairs from the low and high disturbed areas were studied from birth to weaning to
measure the duration of lactation. Of these, 14 pups were used to obtain growth rates by
taking a weight at 3 to 7 days after birth and on the day of weaning. Pups were weighed
in a canvas bag attached to a 100kg scale (accurate to +1kg) and hoisted with a wooden
pole using one or two people. Pup ages were calculated from known birth dates and pup
sex noted. Pup mass gain was calculated using linear regression and the data analysed
using the Mann Whitney U-test. All values given are + standard error.

RESULTS  The number of visitors in the study area was lowest during the early
season (07 to 18 November) and highest during the end of the season (30 November to
10 December) (Fig. 1). Thirteen females gave birth early in the season and 5 later in the
season (25 to 30 November). Eight of the 13 early breeders pupped in the low disturbed
area and 4 of the 5 late breeders pupped in the high disturbed area (Table 1). Early
breeders had a significantly longer lactation period compared with late breeders (Table 2).

Pups born in the low disturbed area had a larger weaning mass and higher growth rate
compared with pups born in the high disturbed area (Table 3), although these differences
were not significant. Pups born in the early season when visilor attendance was at its
lowest had a significantly larger weaning mass and higher growth rate compared with
pugs born later in the season when visitor attendance was at its highest (Table 2, Figs. |
and 2).
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DISCUSSION Maternal performance was lower in those females that pupped in
the high disturbed area in the late part of the season when visitor attendance was at its
highest. Human disturbance may increase the time females spend in defence of their pup
and/or disrupt suckling bouts. Since females at Donna Nook do not feed during
lactation, this may lead to a lower mass transfer efficiency between mother and pup and
to the observed decrease in mass gain and weaning mass and ultimately contribute to a
lower survival post-weaning (Coulson and Hickling, 1964). Disturbance may also
contribute to premature weaning since late breeders had a shorter lactation period
compared with early breeders.

These effects may be partially shadowed by the natural temporal variation in maternal size
and its influence on pup mass gain (Anderson and Fedak, 1987; Iverson et al., 1993),
and the contributing effects of male harassment during the late part of the season (Boness
et.al., 1995). Based on this study, visitor management would be more effective during
the late part of the season when females are most sensitive to the effects of human
disturbance.

ACKNOWLEDGEMENTS I would like to thank John Harwood (SMRU) for
granting permits, Andrew Humberstone for assistance in the field, and Barry Wilkinson
(LTNC) for permission to conduct this study on a Trust reserve. This project was
funded by the British Ecological Society: Small Ecological Grant (No. 1172).
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Table 1. Number of females giving birth during the early and late season in the low
and high disturbed areas.

Early Breeder | Late Breeder
(07 to 18 (25 to 30
Nov.) Nov.)

Low Disturbed b {

Area

High 5 4

Disturbed Area

Table 2. Lactation period, weaning mass and growth rate of pups born in the early
or late season.
EARLY LATE P
VALUE

Lactation 1584025 n=13|142+037 n=5| p<0.05
Period
(days)

Weaning Mass 555+192 n=9 | 396 +4.14 n=5 p <0.05
(kg)

Growth Rate 2,18+ 0.1 n=9 | 1.33+£0.19 n=5| p<0.05
(kg/day)
Table 3. Lactation period, weaning mass and growth rate of pups born in areas of
low or high disturbance.
LOW HIGH P
DISTURBANCE| DISTURBANCE| VALUE
Lactation 154 +0.44 n=9 | 153 +0.33 n=9 NS
Period
(days)
Weaning Mass | 54.5+2.53 n=8 [435+4.63 n=6 NS
(kg)
Growth Rate 212+0.12 n=8 | 1.54 £ 0.24 n=6 NS
(kg/day)
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A SUMMARY OF INDO-PACIFIC HUMP-BACKED DOLPHIN
MORTALITY IN HONG KONG: IMPLICATIONS FOR THE
CONSERVATION OF THE POPULATION

E.C.M. Parsons!-2, H.M. Chan3 and R. Kinoshita4

I'The Swire Institute of Marine Science Cape d’Aguilar, Shek O, Hong Kong
2Current Address: The Hebridean Whale & Dolphin Trust, Main Street,
: Tobermory, Isle of Mull, Argyll, UK
3CINE, MacDonald Campus of McGill University, Ste. Anne-de-Bellevue, Quebec, Canada.
4 The Veterinary Department, Ocean Park, Aberdeen, Hong Kong

INTRODUCTION The first published record of a cetacean stranding in Hong
Kong (in 1955) was made by Romer (1958) and remained the only published account of
Hong Kong’s marine mammals until 1973, when an official scheme to report cetacean
sightings and strandings was initiated by the Agriculture and Fisheries Department of the
Hong Kong Government. The most common cetacean stranded in Hong Kong is the
Indo-Pacific hump-backed dolphin (Sousa chinensis), a species which is present in Hong
Kong’s waters all year round (Parsons et al., 1995). Populations of this species are
considered to be at risk of extirpation in many areas due to their close proximity to human
activities (Reeves and Leatherwood, 1994), and there has been concern over the viability
of the population in Hong Kong (Parsons and Hoffmann, 1996).

A detailed analysis of cetacean strandings can provide a wealth of information. The
stranding network in operation within Hong Kong has enabled investigations into the
variety and relative abundance of cetacean species inhabiting the area, if local cetaceans
are contaminated by anthropogenic pollutants, and whether or not cetacean populations
are threatened by disease or human activities. This paper updates information on Indo-
Pacific hump-backed dolphin mortality in Hong Kong and discusses the conclusions
drawn from research upon these strandings.

MATERIALS AND METHODS Initially, historical stranding records were
collated from a variety of sources, notably from Agriculture and Fisheries Department
(AFD) stranding records. From December 1993 onwards, a dedicated programme was
set up to record and examine cetaceans stranded upon the Hong Kong coastline. This
programme was run through the AFD and stranding protocols were drafted by the AFD,
in collaboration with researchers at the Swire Institute of Marine Science (SWIMS), and
circulated to Government departments which were likely to come into contact with
stranded cetaceans, namely, the Royal Hong Kong Marine Police and the Urban Services
Department (responsible for refuse removal on public swimming beaches). Bilingual
posters were produced and distributed to suitable locations: yacht clubs, Country Park
wardens’ offices and visitor centres, lifeguard stations and ferry terminals. From
September 1995 onwards, the Ocean Park Conservation Foundation joined AFD and
SWIMS in the co-ordination and examination of cetacean stranding events.

Necropsies of stranded cetaceans were undertaken according to the protocols and
methodologies outlined by Geraci and Lounsbury (1993).

Spatial and temporal distribution of strandings Indo-Pacific hump-backed
dolphin strandings were predominantly reported from the waters north of Lantau Island
(Fig. 1), a pattern which is also apparent from sightings of live animals (Leatherwood
and Jefferson, 1997; Jefferson and Leatherwood, 1997).

Strandings reported from the waters to the south and to the east of Lantau Island,

occurring mostly during the summer. This coincides with sightings of live hump-backed
dolphins, which frequent these southern and eastern waters during the summer and
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autumn (Parsons, 1997a; Jefferson and Leatherwood, 1997). This appearance of
dolphins in southern waters is linked to changes in local hydrography, as dolphin
abundance south of Lantau Island is correlated with changes in salinity and water
temperature (Parsons, 1997a).

There is a distinct increase in the number of reported hump-backed dolphin strandings
between May and September (Fig. 2; Parsons, 1998a). This seasonal increase could be
due to:

1- An increase in the number of people visiting beaches and areas where strandings
might occur and, hence, an increase in reports. However, heavy summer monsoon
rains are common in the summer and it is unlikely that people will be flocking to
beaches.

2- Local changes in dolphin abundance and habitat use.

3. A change in the distribution of dolphins in other regions of the Pearl River Delta, ie.,
an influx of animals into Hong Kong from neighbouring waters.

Jefferson (1998) reported an influx of non-resident individuals into South Lantau waters,
presumably animals which dwell in Chinese waters outside of Hong Kong’s boundaries
for the rest of the year. Therefore the latter hypothesis is probably the explanation for this
increase in summer strandings.

Trace metal contamination Concentrations of trace metals were determined
from liver, kidney and blubber tissue excised from stranded hump-backed dolphins.
These tissues were freeze dried and approximately 0.5 g of dried tissue was digested in5
ml of concentrated nitric acid at room temperature for 24 hours, and at 1000C for 24
hours. The digest was then filtered and made up to 50 ml with de-ionised water. Trace
metal levels were determined by inductively-coupled plasma emission spectroscopy on a
Perkin-Elmer 400 spectrograph with a Perkin-Elmer AS-90 automated sampler.

Trace metal concentrations in hump-backed dolphin tissues were generally low (Table 1).
However, concentrations of mercury in some animals were shown to be high, with a
level of 906 g.g-1 (dry weight) determined from the liver of one animal, a level which is
high enough to cause damage to tissue damage (Wageman and Muir, 1984; Rawson et
al., 1993). Therefore, mercury contamination is a possible health risk to Hong Kong’s
hump-backed dolphins.

Potential prey species from areas of high dolphin abundance have also been tested for
trace metals (Parsons, 1997a) and concentrations of metals were shown to be high,
particularly levels of lead and cadmium, in addition to the aforementioned element
mercury, with concentrations (dry weight) of up to 180, 16.6 and 66 g.g-1 respectively.
This suggests that the hump-backed dolphins are ingesting large amounts of potentially
toxic trace metals.

Organochlorine contamination Blubber samples were also excised from
stranded carcasses in order to examine the tissues for organochlorine compounds
(Parsons and Chan, 1998). Approximately 10 g of blubber was homogenised, eluted
with solvents and applied to a gas chromatography-ion trap mass spectrometer with the
methodology outlined in Parsons and Chan (1998). A total of 63 PCBs and 17
chlorinated pesticides were screened in the sample.

Concentrations of the organochlorine pesticides mirex, chlordane, dieldrin and
cyclohexanes were low (Table 2). In addition PCB concentrations were also generally
low, but in some animals PCBs had accumulated to potentially health-threatening levels,
ie., 125 g.g-1 lipid weight. However, concentrations of DDT and its metabolites in the
tissues were of more concern. The concentrations were, in fact, amongst some of the
highest recorded from small cetaceans world-wide (Fig. 3).
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This level of organochlorine contamination undoubtedly has an impact on the health of
Hong Kong’s cetaceans. Organochlorine poisoning can be lethal. DDT, in particular, can
kill by direct action on the mammalian nervous system. In addition, organochlorines in
smaller concentrations can still be lethal as they are immuno-suppressive and can result in
an increase in disease-related mortality (Vos and Luster, 1989). Moreover, the chemicals
could adversely affect cetacean populations by the disruption of reproductive systems due
to the fact that the structure of the organochlorine molecule resembles that of various
reproductive hormones and, as such, has been linked with still-births, abortions, neonate
mortality and impaired growth in several mammal species (Aulerich and Ringer, 1977;
Bleavins et al., 1980; Aulerich et al., 1985).

Organochlorines are especially problematic for young animals (Clark, 1978) as adult
females can pass on their organochlorine burden to their offspring. Organochlorines are
lipophilic and can, therefore, be passed on to neonatal animals via lactation (Subramanian
et al. 1987; Cockcroft et al., 1989; Morris et al. 1989).

In addition to the blubber analysed, milk extracted from the stomach of a cetacean calf
was also analysed for organochlorines (Parsons and Chan, 1998) and high
concentrations were identified (500-1000g.l-1 PCB and 3740-7500 g.I-1 DDT). This
demonstrates that organochlorine transfer via lactation is occurring in Hong Kong and,
moreover, that the amount being ingested by calves is substantial.

Considering that the World Health Organisation tolerable daily intake limits for PCB and
DDT are 1 g.kg-1.day-1 and 20g.kg-1.day-1, respectively, the daily recommended
intake of these two organochlorines could, thus, be exceeded if a hump-backed dolphin
calf ingested more than 1ml of milk a day (Parsons, 1997a). In recent years, neonate
mortality has been relatively high (Parsons, 1998a; Jefferson, 1998) and this is probably
attributable to organochlorine poisoning.

In fact, preliminary analyses of blubber taken from recently stranded hump-backed
dolphin calves suggest that the situation is escalating, with DDT concentrations of 150-
200 g.g-1 lipid weight reported (Tanabe in Jefferson,1997).

CONCLUSIONS In addition to the above results from the post-mortem examination
of strandings, it has become apparent that in recent years a high proportion of animals
may have died as the result of anthropogenic activities, i.e., collisions with boats and
entanglements in fishing gear (Parsons, 1997a; Jefferson 1998). Considering that Hong
Kong is one of the busiest ports in the world and possesses an intensive coastal fisheries
fleet, with such a density of human activity it is hardly surprising that dolphin mortalities
ensue.

The number of hump-backed dolphin strandings reported in Hong Kong’s territorial
waters has increased notably in recent years (Fig. 4). This may be partially due to an
increased awareness of the need to report strandings, but it may also reflect an increase in
mortality.

Hong Kong’s Indo-Pacific hump-backed dolphins face multiple threats, namely
pollution, whether it be sewage, trace metal or, especially, organochlorine pollution, in
addition to fisheries by-catches and casualties caused by shipping and other vessel traffic.
These threats undoubtedly work together to reduce the viability of Hong Kong’s
dolphins.

However, although these factors may already be a grave problem, it is estimated that the
population of Hong Kong will double in the next thirty years. Expansion will
undoubtedly be accompanied by an escalation in the amount of anthropogenic pollutants
discharged into Hong Kong's waters, and general environmental decrepitude.
Considering this, it is hard to envisage the long-term survival of Hong Kong’s Indo-
Pacific hump-backed dolphins unless major action is taken to both reduce pollution and
to prevent environmental destruction.
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Table 1. The range of trace metal concentrations recorded from the tissues of hump-backed dolphins

stranded in Hong Kong (g.g-1 dry weight), n.d. denotes trace metals in non-detectable

concentrations (<0.9 g.g-1 dry weight) (Parsons, 1998b).

As Cd Co Cr Cu Hg
TISSUE
Liver Mean 2.3 22 n.d. 0.060 14.1 142
(=11 Range n.d. - nd. - n.d. n.d. - 0.93 - nd. -
12,9 232 0.65 30.6 906
S.D. 4.5 7.0 & 0.20 9.1 302
S.E. 1.4 2.1 < 0.06 2.7 9].2
Kidney Mean 6.0 12.1 nd. nd. 123 4.5
(n=28) Range nd. - nd. - n.d. n.d. 7.0- nd. -
12.1 84.1 23.6 35.8
S.D. 4.4 29.1 - 5.1 12.7
S.E. 1.6 10.3 + 1.8 4.5
Blubber Mean 2.8 n.d. 0.3 0.8 0.9 .,
(n=28) Range nd. - n.d. n.d. - n.d. - nd - n.d.
18.3 1.1 2.7 2.7
S.D. 6.4 = 0.5 1.2 0.8 .
S.E. 2.2 - 0.2 0.4 0.3 -
Mo Ni Pb Se Sn Zn
TISSUE
Liver Mean U.8 4 3.0 23.3 2.0 10U
(m=11) Range nd. - nd. - n.d. - nd. - nd. - 24.1 - 243
1.6 1.3 8.6 131 8.9
S.D. 0.5 0.5 3.5 40.6 3.6 63.3
S.E. 0.1 0.1 1.0 12.2 1.1 19.1
Kidney Mean 0.09 04 34 10.0 2.0 98
(n=28) Range nd. - nd. - nd. - nd. - nd. - 534 -234
0.8 0.9 13.1 213 8.7
S.D. 0.3 0.5 4.7 6.7 2.9 59.6
S.E. 0.04 0.2 1.7 2.4 1.0 21.1
Blubber Mean 0.3 U4 3.8 3.3 U.8 9.2
(n=28) Range nd. - nd. - n.d. - nd. - n.d. - 2.00- 18.24
1.1 1.2 12.1 15.6 3.5
S.D. 0.5 0.5 3.8 53 1.2 5.8
S.E. 0.2 0.2 1.3 1.9 0.4 2.1
Table 2.  Organochlorine concentrations in hump-backed dolphins stranded in Hong Kong
(g.g-1 lipid weight) (Parsons and Chan, 1998).
SAMPLE AGE LIPID PCB CHLORO LINDANE CHLORDANE DIELDRIN MIREX DDT
NO (GLGs) Yo BENZENE
SCO3- 1 79 0.59 0.08 0.08 0.15 0.07 0.01 137
25/5
SC94- - 5.1 125 1.84 074 24.9 2.34 201 381
28/4
SC95- 6 16 152 0.15 5.76 1.10 0.83 0.18 328
28/5
SC95- 11 67 224 0.03 0.22 0.42 0.14 0.05 96.1
1172
SC95- 14 67 0.19 0.00 004 0.0l 1.08 0.00 1.00
2/4
SC95- <1 49 245 0.16 0.28 0.11 0.14 0.03 21.3
22/6
SC95- 17+ 24 6.02 0.06 0.04 027 037 032 32.4
14/9
SC96- <1 61 2.82 0.24 0.20 0.16 0.26 0.03 267
25/5
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APPLICATION OF LINKED NUMERICAL MODELS TO THE
SIMULATION OF OIL-SPILL EFFECTS ON MARINE MAMMALS

Judith M. Wilson and James F. Bennett

Minerals Management Service, 381 Elden Street, Herndon, VA 20170-4817, USA

INTRODUCTION The Minerals Management Service (MMS) of the U.S.
Department of the Interior (DOI) regulates Outer Continental Shelf oil and gas activities.
The bureau assures compliance with several environmental laws, such as the Endangered
Species Act and the Marine Mammal Protection Act. One responsibility is to assess the
effects of oil spills on protected species. These analyses help decisionmakers evaluate the
environmental impacts of offshore activities. The authors hypothesize that more
systematic and consistent analyses could be achieved using linked numerical models.

We used an existing modelthe Natural Resource Damage Assessment Model for Coastal
and Marine Environments (NRDAM/CME)to simulate spill events that could affect
marine mammals. The DOI issued the current NRDAM/CME (version 2.4) as a
regulatory “simplified procedure” (43 CFR 11 Subpart D) for estimating damages from
oil spills. NRDAM/CME links together physical, chemical, and biological information.
This methodology of linked numerical submodels has been used for over a decade and
represents the most objective, internally consistent, comprehensive approach to
environmental impact assessment available (61 FR 20560).

MATERIALS AND METHODS NRDAM/CME is a tool for assessing
natural resource damages resulting from minor spills of hazardous substances or oils in
coastal and marine environments (Applied Science Associates, Inc. et al., 1996). The
model treats each spill as an isolated event and does not account for cumulative effects.
The model is supported by a geographical information system (GIS), which supplies
spatially gridded environmental and biotic information. Detailed databases provide the
environmental and biotic information for the physical fates, biological effects, and
restoration submodels. We employed the model as a tool to estimate the potential effects
of hypothetical surface oil spills on coastal and marine resources, not as a tool to conduct
damage assessment. Therefore, we used the results of the physical fates and biological
effects submodels.

The model allows the user to supply the following event-specific information:
>, material spilled
>, amount spilled
2. time of spill
2. duration of spill
2. location of spill
Y. wind time series
2 background and tidal currents

The physical fates submodel computes the dynamic distribution of the spilled substance
in the environment. Computations continue until all environmental exposure levels are
below minimum thresholds. This submodel creates a time series file of surface slick
coverage and concentrations of the spilled substance in the water column, on the bottom,
and along the shoreline. When the physical fates submodel computations cease, this time
series file is used as input to the biological effects submodel. The biological effects
submodel computes:

direct lethal effects on

-- mammals
-- birds
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-- reptiles
-- eggs, larvae, juvenile and adult fish and shellfish
-- lower-trophic level biota

indirect and long-term effects

-- resulting from food loss

- involving the eventual loss of mammals, birds, and reptiles as a result of
lost broods

-- involving the eventual loss of fish and shellfish as a result of lost eggs,
larvae, and juveniles

NRDAM/CME also generates a graphic image of the spill simulation. We screen captured
the images, imported them into ARC/INFO 7.1.1, and provided geo-referencing. The
images were then integrated with U.S. Geological Survey Digital Line Graph Data
(DLG).

Four spill scenarios are exhibited here (Table 1). Two spills are hypothetical spills off
Alaska; one in the Beaufort Sea, the other in the Gulf of Alaska. The other two spills
represent historical spills in the Gulf of Mexico, off the State of Louisiana. The size of
the spills represent the average “Size 3" (>1,000 bbl) oil spill from any source (7,000
bbl) and the average size of a large spill from all U.S. tanker traffic (26,000 bbl). These
data were derived from more than 30 years of spill event records maintained by MMS
(MMS Worldwide Tanker Spill Database, 1998; MMS OCS Spill Database, Technical
Information Management System, 1998).

RESULTS & DISCUSSION Results from the model runs (Tables 2-5, Figs. 1-
4) were consistent in predicting the level of impact to marine mammals from oil spills.
Mortality from toxic contamination and loss of food resources are quantified as the main
oil-spill effects. These numbers can allow analysts to provide discrete quantification of
impacts rather than ambiguous qualifiers such as “moderate™ or “few immediate deaths.”

Expanding databases and evolving technology would likely continue improving
comprehensive interdisciplinary modeling efforts such as the NRDAM/CME. The
NRDAM/CME can be a useful management tool for decisionmaking and responding to
environmental laws such as the Endangered Species Act.

REFERENCES
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Table 1. Spill Scenarios

atertalt | Amount  Time  Duration  Location

 Scenario Spilled | Spilled  of Spill  of Spill  of Spill  Winds

Beaufort Sea | Prudhoe Bay 12:00 am | 6 hours [70°29°N. lat. 12 knots
crudelow August 30, 147058'W. random
volatiles 1997 long.

Gulf of Alaska | Prudhoe Bay |30,000 bbl| 12:00 am 6 hours |60V 20°N, lat. 15 knots
crudelow July 15, 146°50'W. random
volatiles 1997 lon}.

Gulf of Mexico South 30,000 bbi| 12:00 am | 49 hours |29V23°N, lat. | Stochastic

Main Pass Area | Louisiana February 10, 88059'W. long.

crude 1997
Gulf of Mexico South 7,000 bbl | 12:00 am 6 hours |29Y01'N. lat. | Stochastic
South Timbalier | Louisiana January 26, 90°11'W. long.
Area crude 1973

Table 2. Beaufort Sea Mammal and Other Wildlife Kills

Other Wildlife Kills

Total Mammpl Kills

Baleen Whales 0.014 | Waterfowl 3691.461
Toothed Whales __0.089 | Seabirds 43.549
Harbor Seals 1.706
Walrus 0.727
Polar Bear 7.272

@ Spill Origin 0 10 20 30 40 Miles
B2 Swepl Area  c—— | —

B Land Q 9 18 27 36 45 Kilometers

Water e — ‘

Projection: Universal Transverse Mercator (UTM) Zone 6
Data Sources: United States Geological Survey, Digital Line Graph (DLG) Data @ 1:2,000,000.
Spill data from NRDAM/CME

Fig. 1. Oil-Spill Map for the Beaufort Sea Spill Scenario
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Table 3. Gulf of Alaska Mammal and Other Wildlife Kills

Gther Wildlife Kills

Baleen Whales 0.002| Waterfowl | 418.458
Toothed Whales 0.004 | Seabirds
Dolphins, Porpoises 0.023 | Raptors
Sea Lions 0.528 Pelagjc_liish (adults)
Harbor Seals 0.618 | Pelagic Fish (young of year)
Sea Otters 188.499 Demersal Fish (adults)
Demersal Fish (young of year)
Crustaceans (adults
Crustaceans (young of year)
Cephalopods

| @ Spill Origin
@ Swept Area
Ed Land
B2 Water

0 9 18 27 36 Miles

0 6 12 18 24 30 36 4 48 54 60 Kilomeers
s ™ e ™ ™ — T e— |

Projection: Universal Transverse Mercator (UTM) Zone 6
Data Sources: United States Geological Survey, Digital Line Graph (DLG) Data @ 1:2,000,000.
Spill data from NRDAM/CME

Fig. 2. Oil-Spill Map for the Gulf of Alaska Spill Scenario




Table 4. Gulf of Mexico Main Pass Area Mammal and Other Wildlife Kills

Total Mammal |~ Other Wildlife Kills
o Kills | ' _

Toothed Whales . Waterfowl

Dolphins, Porpoises 2. Seabirds _

Muskrat, Nutria 11.256] Wading Birds 5600.404
Shorebirds 119.943
Sea Turtles __1.446
Pelagic Fish (adults) 1714.981
Demersal Fish (adults) 599.966
Demersal Fish (young of year) | 1053.748 |
Crustaceans (adults) 079
Crustaceans (young of year) 5.520
Cephalopods 920
Molluscs 004

1
Ll L L w - L - - -

@ spill Origin 0 50 100 150 Miles
BB Swopt Area e —————

& Land 0 30 60 9 120 150 180 Kilometers

Water

Projection: Universal Tramsverse Mercator (UTM) Zons 16
Data Sources: United States Geological Survey, Digital Line Graph (DLG) Data @ 1:2,000,000.
Spill data frorm NRDAM/CME

Fig. 3. Oil-Spill Map for the Gulf of Mexico Main Pass Area Spill Scenario




Table 5. Gulf of Mexico South Timbalier Area Mammal and Other Wildlife Kills

Muskrat, Nutria 0.003 | Waterfowl 786.642
Seabirds 427.291
Wading Birds 0.281 |
Shorebirds 0.080

® Spill Origin
Bl Swept Area
E Land
Water

0 30 60 90 Miles
—- e —
0 20 40 60 80 100 120 140 Kilometers

e e ™ e

Prajection: Universal Transverse Mercator (IITM) Zone 15
Data Sources: United States Geological Survey, Digital Line Graph (DLG) Data @ 1:2,000,000.
Spill data from NRDAM/CME

Fig. 4. Oil-Spill Map for the Gulf of Mexico South Timbalier Area Spill Scenario




SEAL WATCHING IN THE UK AND REPUBLIC OF IRELAND

K. Young

International Fund for Animal Welfare, 1A Howard St, Oxford OX4 3AY, UK

INTRODUCTION Tourism has been described as the world’s largest
business (Miller, 1993) rising at a rate of roughly 4% annually, while ‘nature-based’
tourism grows by 30% each year. Wildlife watching is not just a lucrative industry. It is
also potentially compatible with sustainable development providing a platform for
promoting conservation through environmental education and the raising of awareness.
It is important, however, that the risk of anthropogenic disturbance to the subject animal
or habitat is minimised.

Pinnipeds are the subject of direct exploitation for pelts and meat, and culling aimed at
reducing competition in fisheries. However, they are also good subjects for ‘nature-
based’ tourism often hauling out in coastal sites or ice, where they may be viewed either
from land or boat.

Pinnipeds require a consistently abundant and accessible food source and they depend on
suitable sites on which to haul out. These sites are particularly significant, and provide a
safe location in which the animals can rest, moult, mate (in some species), and most
importantly, to give birth and nurse their offspring. There is evidence to suggest that
disturbance of some pinnipeds e.g. grey seals at breeding sites, may decrease pup
survival (Summers and Harwood, 1978; Wilkinson and Bester, 1988; Wilson and
Corpe, 1996), and change maternal behaviour and performance (Lidgard, 1996). In this
species, the most common cause of pup mortality is a failure of the mother-pup bond,
leading to starvation and increased mortality (Anderson, et al, 1979).

UK populations of common (Phoca vitulina vitulina) and grey (Halichoerus grypus)
seals represent large proportions of world totals (40% and 40% respectively). Little is
known of the extent of the pinniped watching industry in the UK. The aim of this short
study, funded by the International Fund for Animal Welfare, was to investigate the size
of the industry in the UK and Republic of Ireland, provide an overview of the methods
used to watch seals, and assess the economics of the industry.

METHODS: Postal survey A postal survey of operators in England, Wales,
Northern Ireland and Republic of Ireland, was conducted to complement a previous
wildlife tourism study in Scotland. A simple economic assessment of the total revenue
created by the UK seal watch industry was also carried out using information on seal
watch prices, visitor numbers and multiplication factors appropriate for whale watching
in Europe (Hoyt, 1997). Legislation relevant to seals in the UK was also reviewed.

METHODS: Visits A subset of seal watch operators were visited. Visits were
planned to cover a range of localities and habitats. Before each seal watch trip, the
operator was informed that a study of methods was being conducted. Operators were
aware of the presence of an observer so it is possible that their behaviour was altered.
Details of trips were ‘scored’ on forms after each trip. Parameters scored on forms
included whether seals were PRIMARY if the trip specifically travelled to the haulout site
and then immediately back to shore or MAJOR if seals are part of a more general wildlife
watching experience. Speed of approach and departure was scored as FAST, MEDIUM
or SLOW. Skill of boat handling when in close proximity to the seals was scored as
GOOD, MEDIUM or BAD, related to the author’s experience of boat handling in the
presence of whales and dolphins, and included factors such as keeping engine revs low,
drifting and type of manoeuvring. Distance was estimated by eye. The percentage of
animals flushed from the haulout was also noted. According to a study in Northern
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Ireland, less than 30% of animals in a colony showed vigilant behaviour when
undisturbed (Wilson and Corpe, 1996). If the vigilance level exceeded 30% of animals it
was noted on the form. Other information about operators was collected if possible.

RESULTS: POSTAL There are at least 117 seal watch establishments in the UK
& Ireland. Many offer general wildlife watching tours with the importance of seal
watching fluctuating with time of year. Most operators use displacement-hulled boats
powered by inboard engines. In 1996, the number of visitors watching seals in the UK
& Ireland was estimated to be ¢. 0.5 million and the total gross revenue of the industry
was estimated at £36 million per annum. Employment created by the seal watch industry
was extrapolated to be 193 full-time, 322 part-time/seasonal and 152 voluntary posts.
Pupping and breeding sites were common destinations of the tours. Only five of the 20
respondents to the postal survey provide onshore background briefings, and five others
provide ‘on vessel’ talks. Seal watching in the UK is presently not controlled by
legislation.

RESULTS: VISITS The closest approaches observed during visits were in the
range of 4 — 30m. This is very much less than the 100m recommended by some
literature (Allen ef al, 1984). In this very small sample of five seal watching trips,
distance did not necessarily seem to predict whether the seals showed signs of
disturbance. Although approach distance does affect seal disturbance there are obviously
other factors involved such as boat type, style of approach and habituation to a regular
boat or trip. It may be difficult to provide an entertaining tour for visitors whilst keeping
at a distance of 100-150m and provision of binoculars may help, especially during the
breeding season.

Three of the 5 operators visited provided ‘on-vessel’ talks, which included some aspect
of seal ecology. Most were based on reproductive aspects of seal biology and none
included details about distribution, conservation, diet or behaviour. None of the trips
provided a leaflet on seal biology, an ‘onshore’ talk or visitor centre. Educational aspect
of the tours could be improved. The opportunity to promote seal conservation, general
marine ecology and awareness has yet to be exploited.

CONCLUSIONS There are several different ways in which to watch seals, with
boat-based trips to haulout sites being very popular. Pinnipeds may be susceptible to
disturbance during the pupping season. The seal watch industry must incorporate
appropriate management if it is to operate effectively and with no detrimental
consequences for the seals. Legislative management of seal watching is, at present, non-
existent. There are at least 117 seal watch operators in UK/Ireland at present, and
undoubtedly many more. Simple extrapolations suggest that around a half a million
people went seal watching in 1996, generating total revenues of over £36 million ($60
million). Therefore, the seal watch industry is potentially lucrative. Nature-based
tourism may be an opportunity to educate the public in wildlife biology and conservation
education in seal watching in the UK and the Republic of Ireland is, at present, deficient.

RECOMMENDATIONS

1) In order to improve the educational quality of seal watch tours, operators should be
provided with material concerning both seal biology and general marine ecology and
conservation, for their own use and use by visitors, e.g. leaflets.

2) Training should be offered to operators and staff, which should include wildlife
ecology, seamanship and first aid.

3) Further, more detailed, studies of the economics of seal watching in the UK and
Republic of Ireland would be useful to assess the total economic impact of the
industry.

4) There is a lack of legislation to cover aspects of seal watching in the UK and
Republic of Ireland increasing potential for disturbance of seal populations. Effective
and enforceable guidelines should be set into practice and all parties utilising all areas



important to a seal population and community should be involved in introducing
these.

5) Advertising by operators may be more effective if at a national level although
expansion of the industry may have detrimental effects to seal populations if
legislative management is not in place before this is done.

The full report resulting from this study can be obtained from The International Fund for
Animal Welfare, Warren Court, Park Rd, Crowborough, East Sussex, UK, TN6 2GA.

AKNOWLEDGEMENTS I would very much like to thank the following
people for the enormous amounts of help and advice: Mick Baines, The Wildlife Trust
West Wales/ Nekton; Edward Brown; Duncan Bryden, Scottish Tourism and
Environment Taskforce; Steve Callaghan, The Highland Council; Heather Corpe,
Lighthouse Field Station, Cromarty; Callan Duck, SMRU; Jonathan Gordon; Paul
Haddow, Seal Conservation Society; Dian Hardy; Nick Jenkins; Sue Joy, Wildlife and
Countryside Link, Seals Group; Oliver Kiely, University College Cork; David Lavigne,
International Marine Mammal Association; Russell Leaper; Ben Leyshon, SNH; Helen
MacLachan, RSPCA; Justin Matthews; Judith Montgomery — Watson, Dept. of the
Environment, Northern Ireland; Anna Moscrop; Abby Munsen, IFAW; Hector Munroe;
Chris Pierpoint, The Wildlife Trust West Wales/Nekton; Howard Platt, Dept. of the
Environment, Northern Ireland; Mary Stack, Santa Barbara Marine Mammal Center; Paul
Thompson, Aberdeen University; Wil Wagstaffe, Scilly Isles Environmental Trust;
Suzanne Yin, Texas A&M University, for numerous e-mails; the occupants of Ecologic;
all the seal sanctuaries, rehabilitation centres and organisations which kindly provided
information on seal watching; and of course all the seal watch operators who took part in
the postal questionnaire.

REFERENCES

Allen, S.G., Ainley, D.G. and Page, G.W. 1984. The effects of disturbance on harbor seal haulout
patterns at Bolinas Lagoon, California. Fish. Bull., 82 (3): 493-500.

Anderson, S.S., Baker, J.R., Prime, J.H. and Baird, A. 1979. Mortality in Grey seal pups: incidence and
causes. J. Zool., Lond., 189: 407—417.

Baines, M. E., Earl, S.J., Pierpoint, C.L.J. and Poole, J. 1995. The West Wales Grey Seal Census.
Countryside Council for Wales Contract Science Report 131.

Hoyt, E. 1997. The Potential of Whale Watching in Europe. Whale and Dolphin Conservation
Society, Bath, UK. 36pp.

Kovacs, K. M. and Innes, S. 1990. The impact of Tourism on Harp Seals (Phoca groenlandica) in the
Gulf of St. Lawrence, Canada. Applied Animal Behaviour Science 26: 15-26.

Lidgard, D.C. 1996. The effects of human disturbance on the maternal behaviour and performance of
grey seals (Halichoerus grypus) ar Donna Nook, Lincolnshire, UK. Prelim. Rep., Brit. Ecol. Soc.

Miller, M.L. 1993. The Rise of Coastal and Marine Tourism. Ocean & Coastal Management, 20: 181-
199.

Summers, C.F. and Harwood, J. 1978. Indirect effects of grey seal culls. Int. Counc. Expl. Sea Mar.
Mamm. Comm., 4: 1-6,

Scottish Tourism and Environment Taskforce. 1997. Review of Wildlife Tourism in Scotland. Full
Report. A report commissioned by the Tourism and Environment Taskforce and the LIFE Programme

with support from the Scottish Tourist Board.

Wilkinson, J.S. and Bester, M.N. 1988. Is onshore human activity a factor in the decline of the southern
elephant seal? S. Afr. J. Antarct. Res., 18: 14-17.

Wilson, S.C. and Corpe, H.M. 1996. An investigation into the status quo of the harbour seals of Co.
Down, Northern Ireland. Environment and Heritage Service, Northern Ireland, Res. Rep. 1. May 1996.

34



PRE-EPIZOOTIC HARBOUR SEAL POPULATION TRENDS IN THE
WADDEN SEA: A REVIEW OF HISTORICAL CENSUS DATA

K.F. Abt

FTZ Westkiiste, Hafentérn, D-25761 Biisum, Germany

The harbour seal population in the European Wadden Sea has been depressed by
excessive hunting and disturbance until the mid 1970s, but temporarily recovered until
1988, when a virus epizootic killed more than 50% of the seals. Population trends prior
to this incisive event were studied by reviewing aerial census data supplied by the
respective survey teams in The Netherlands, Lower Saxony and Schleswig-Holstein
(Germany), and Denmark.

Data were screened for methodological consistency and analysed by log-linear regression
procedures. Maximum numbers of non-pups (i.¢. adults and subadults) recorded during
or prior to the whelping season were considered as a pre-whelping index of population
size.

Counts meeting standard quality requirements exhibit remarkably low variance. Numbers
stagnated from mid to late 1970s, but increased exponentially at 0.095£0.002 SE during
1979-87, which rate is also evident in numbers of pups in 1980-87 (0.097+0.005 SE).
This is somewhat lower than rates of increase recorded in harbour seal populations
elsewhere (0.11-0.12). The 1980-87 period was further characterised by a ratio of
counted pups vs. non-pups of 23%, whereas prior to 1979 this ratio was 27%.

It is concluded that the onset of population increase was the result of a distinct rise in
juvenile survival, which had been estimated at only 35-40% in 1975-78. The decline of
the per capita birth rate, occasionally misinterpreted as a density-related drop of fertility,
is thus recognised as purely arithmetic, i.e. as a decrease in the proportion of adults
through improved recruitment to the subadult section.
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GREY SEAL MOTHERS EXPERIENCE SIZE-DEPENDENT
CONSEQUENCES OF REPRODUCTIVE EXPENDITURE
FOR PUPPING SUCCESS

S.S. Anderson!, M. A. Fedak?, and P.P. Pomeroy?2

INatural Environment Research Council, Polaris House, Swindon, SN2 5EU, UK
28ea Mammal Research Unit, University of St. Andrews, Fife KY 16 8LB, Scotland

The way that maternal resources are allocated during each reproductive episode and over
the course of a female's lifetime is critical in determining the maternal contribution to
reproductive success.

Although there are few studies which have looked at the effects of maternal reproductive
expenditure in one year on her expenditure and pupping success in the following year,
we hypothesised that (a) mother's postpartum mass (MPPM) would explain most
variation in maternal expenditure and pupping success would be greatest in larger
females; (b) maternal expenditure in one year would not affect pupping success in the
following year.

Known females from the established colony on North Rona, Scotland were immobilised,
weighed at the start and end of lactation over the period 1978-1995. Grey seals in the
UK do not feed during lactation therefore relative maternal reproductive expenditure was
estimated by calculating the proportion of MPPM lost during the lactation period.
Production of a pup weighing a minimum of 30kg at weaning was defined as a pupping
success, all other cases were failures.

The mean MPPM for mothers during the study was 190423 kg. Mothers expended an
average of 39.1+0.6% of MPPM during lactation (range 4.8 - 47.5%).

(a) MPPM and individual identity were significant predictors of maternal expenditure
in GLM models (p<0.001, p<0.05 respectively). In any year, pupping success was
greatest for mothers that were of average or larger than average MPPM and relative
expenditures.

(b) There was a compensatory relationship between relative maternal expenditure in
one year and MPPM the following year: when expenditure was smaller than average in
the first year, MPPM increased between years and vice versa. However, mothers with
small MPPMs in one year had higher rates of pupping success the following year than
average and large sized mothers. Mothers with low expenditures in one year had lowest
pupping success subsequently. Although subsequent pupping success rate for high
expenditure mothers was lower than for mothers with average expenditures the difference
was just non-significant, suggesting that larger sample sizes may indicate that high
maternal expenditures incur a cost in future pupping success.
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JUST TAKE TWO ASPIRIN: IS THE VOLUNTARY APPROACH
AN EFFECTIVE PRESCRIPTION FOR THE MANAGEMENT
OF DOLPHIN WATCHING IN SCOTLAND?

H. Arnold

Glenlia, Foyers, Inverness-shire IV1 2XY, Scotland

Whale watching has become increasingly popular world-wide. A number of countries
try to manage this activity, with varying degrees of success, through voluntary or
statutory codes of conduct based on the precautionary approach. Growing interest in the
small population of bottlenose dolphins in the Moray Firth in Scotland has led to an
increase in dolphin watching boats in this area, rising from one in 1990 and peaking at
nine in 1996. Although it is an offence under British and European law to deliberately
disturb cetaceans, there is no legislation that specifically governs boat-based whale
watching.

In 1995, a voluntary code of conduct and accreditation scheme for commercial dolphin
watching boats was implemented in the Moray Firth. The first scheme of its type in the
UK, the project has been running on a trial basis for three years. Its objectives are to
reduce potential impacts of dolphin watching boats on the dolphins and to encourage
sustainable development of high quality, low environmental impact cetacean watching in
the Moray Firth.

In its first year, four of the six wildlife cruise operators joined the scheme. In 1996, all 9
commercial operators became accredited and in 1997, six of the eight trip boats were
accredited. A 1996 survey of accredited boat operators indicated that the more
experienced operators tend to believe the dolphins can look after themselves and that
experienced operators do not need a prescribed code to operate in a sustainable way.
This view has triggered the defection of at least one operator. The survey expressed
doubts about how closely some of the operators adhered to the new code. It was
suggested that more intensive monitoring and enforcement could be counter-productive.

The accreditation scheme on trial in Scotland illustrates a still fragile voluntary approach
to reducing disturbance to cetaceans. Legislation supporting a licensing system for
dolphin watching boats must be a more equitable and effective way to manage sustainable
cetacean watching.
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INVESTIGATING STOCK STRUCTURE FOR PROPER MANAGEMENT
OF MARINE MAMMALS: IS ONE METHOD GOOD ENOUGH?

P. Berggren! P. Bgrjesson!, and J.Y. Wang?

1Departmcnl of Zoology, Stockholm University, S-106 91 Stockholm, Sweden
2Department of Biology, McMaster University, Hamilton, Ontario, L8S 4K1, Canada

Harbour porpoises have declined drastically in Swedish waters, most notably in the
Baltic Sea where the abundance is estimated to be less than 1,000 animals. The low
abundance and year round bycatches in the Baltic led us to test the hypothesis of separate
stocks in Swedish waters. As the number of specimens from the Baltic was limited,
three separate methods were used to improve the chances of detecting differences
between animals bycaught in the Baltic Sea and the Kattegat-Skagerrak Seas. In two of
the methods specimens were also included from the west coast of Norway for
comparison.

Skulls of 103 specimens were morphometrically compared using 19 measurements.
Females showed separation between the Baltic and the Kattegat-Skagerrak Seas. Males
did not show differences, indicating that they move around between areas to a greater
extent than females.

Mitochondrial DNA (mtDNA) of 65 harbour porpoises was analysed with nine restriction
enzymes. Analyses of the heterogeneity in the frequency distribution of haplotypes
revealed significant differences between all three areas. Furthermore, indices of
haplotypic and nucleotide diversity were low which is indicative of severely depleted
populations.

Patterns of chlorinated aromatic contaminants (DDTs, PCBs, non-ortho PCBs and
PCDD/Fs) were compared in 48 male harbour porpoises. Animals sampled off the west
coast of Norway were found to have a significantly different contaminant pattern than
animals from the Baltic and Kattegat-Skagerrak Seas, whereas specimens from the latter
two areas did not show conclusive differences.

The skull morphometric and the mtDNA demonstrated differences in stock structure
between areas and the existence of a separate stock of porpoises in the Baltic. The
contaminant method could only identify the Norwegian sample as separate from the two
Swedish. Although the mtDNA showed that separate stocks exist, it did not detect that
Baltic males move around and also risk entanglement in Kattegat-Skagerrak Seas.
Furthermore, different methods added other significant information for management; e. g.
the mtDNA showed that animals had very low variability and contaminants that animals
from the Baltic had the highest levels of several contaminants. In conclusion, a single
method would not have been enough for proper management of porpoises in Swedish
waters.



BYCATCH REMOVAL RATE OF HARBOUR PORPOISE
IN THE SWEDISH SKAGERRAK SEA

J. Carlstrdm and P. Berggren

Department of Zoology, Stockholm University, S-106 91 Stockholm, Sweden

The harbour porpoise in Swedish waters is threatened; numbers have declined drastically
since the 1960s, and a pilot observer project revealed an alarmingly high bycatch rate.
To estimate the yearly removal rate of porpoises in the Swedish Skagerrak Sea, an
observer programme was conducted during two-month periods in spring, autumn and
winter from March 1996 to February 1997. The programme was part of the EU-project
"Assessment and Reduction of the By-catch of Small Cetaceans (BY-CARE)".
Observers were randomly assigned to fishing boats using bottom set gill-nets for cod and
pollock. The sample unit was the observed haul of each net in a string. The observed
gear types corresponded to 58% of the bycatches in the Skagerrak Sea in a collection of
bycaught animals 1989-91.

The observers monitored hauls of 1,981 (n=972), 257 (n=121) and 406 km net*hours
fished (n=171) in spring, autumn and winter, respectively. This effort corresponded to
9% of the total yearly effort of the observed fishery. The documented bycatch rates were
40 porpoises per 10,000km net*hours fished in spring, 39 in autumn and O in winter.
By multiplying the bycatch rates with total fishing effort per season a yearly bycatch of
113 porpoises (95% C.1.=53-173) was obtained. The ratio between this bycatch and an
abundance estimate of 4,785 porpoises, derived from a SCANS density estimate, and the
sea surface area of the Swedish Skagerrak Sea, results in a 2.4% removal rate of
porpoises in bottom set gill-nets for cod and pollock only.

In addition, bycatches in the Skagerrak Sea have also been documented in bottom set
gill-nets for lumpsucker, hake, dogfish, flatfish, crab and herring, drift-nets for mackerel
and bottom trawls for Norwegian lobster, shrimp and herring. Thus, it is likely that the
total removal rate exceeds 4%, the estimated maximum growth rate of a harbour porpoise
population.

The results of the observer programme indicate that the removal rate is not sustainable
and that immediate actions should be taken to reduce the bycatch level of porpoises in
Swedish waters. With limited resources available, main priority should be given to
solving rather than documenting the bycatch problem further.
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DISTRIBUTION AND STATUS OF THE MEDITERRANEAN
MONK SEAL IN GREECE 1990-1996

D. Cebrian!, A. Vlachoutsikou? , K. Anagnostopoulou!,
and A. Anagnostopoulou!

IEnvironmental Research Bureau, P.O. Box 8470, GR-10010 Athens, Greece
2poste Restante Zakynthos, Greece

The presence of the endangered Mediterranean monk seal (Monachus monachus) in
Greek waters was dilucidated by visiting most of the country islands, as well as
promising trenches in the mainland, and by direct interviews with local fishermen.
Methods used in the past were mainly mailed interviews which are subject to
conspicuous biases.

Causes of mortality were quantified by collecting data on 107 death events. Present and
past suitability of breeding caves were evaluated by means of surveys and monitoring of
a big sample of territory, including most of the Cyclades islands in the Aegean Sea.

The census of such a sparse seal population is technically impossible. Hence, for the
evaluation of the population size an estimate of the very minimum population in the
surveyed areas was obtained by means of interviews with selected locals. Seals in a
sample of three Cycladic islands, with a notorious population, were censused by direct
observation; the difference found in that sample between the number of seals censused
and the lower one estimated by the interview method was extrapolated to the estimation
for other Country areas, in order to obtain a less underestimated value for them.
Population censuses available for Zakynthos and Sporades islands were added to obtain
the total value for all the country.

Results show that the species is still present along most of its former range known in the
70's. Mortality, both before and after its legal protection in 1981, is mainly by direct
killing but entanglement in trammel nets has increased (before 1981: direct killing 80%,
entanglement 10%, natural-unknown 10%, n=41; after 1981: direct killing 47%,
entanglement 21%, natural-unknown 32%, n-66). Most of the breeding caves are still
tactically used. The surviving population in Greece might be at least 234 individuals, and
it possibly reaches 300 seals, pups not included in the calculations.
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CHANGES IN GREY SEAL PUP PRODUCTION IN SCOTLAND:
MONITORING USING AERIAL PHOTOGRAPHY

C.D. Duck!, A.R. Hiby2, and D. Thompson!

'Sea Mammal Research Unit, Gatty Marine Laboratory, University of St Andrews,
Fife KY 16 8LB, Scotland, UK
2 Conservation Research Ltd, 110 Hinton Way, Gt Shelford, Cambridge CB2 SAL, UK

A time series of pup production estimates can provide valuable insights into the
responses of pinniped populations to natural or anthropogenic changes in their local
environment. Pup production can also be used to determine total population size, a
statistic frequently required in fisheries management decisions.

Pup production at the 40 main grey seal (Halichoerus grypus) breeding sites in Scotland,
has been monitored annually since 1960 using aerial photography. Colonies are
surveyed 3 to 7 times at approximately 11 day intervals through the pupping season.
Total pup production at each colony is derived from counts of pups, classified as white
coated, moulted or dead and either sucking or not sucking. A model describing the
numbers of pups ashore, assuming a lognormal frequency distribution of birth dates, and
incorporating empirical estimates of age at moult, age at leaving, pup mortality, age-
related proportion of time spent sucking and error in pup classification, is fitted to the
classified counts to produce a maximum likelihood estimate of total production.

Pup production at Scottish breeding sites, currently estimated to be 31,000 or 37% of the
world production, has been increasing at about 4% per annum since the early 1960s and
has more than doubled since 1984. Different sites have increased at different rates. The
relatively new sites in the Monach Isles have accounted for all the increase in production
in the Outer Hebrides since the mid 1970s, while production at long established sites has
remained static or has declined. In Orkney, one recent site increased from <50 pups to
1000 pups per annum in 6 years. Between 1992 and 1995, pup production in the Outer
Hebrides increased by 2% p.a. while in Orkney production increased by 7% p.a.

Reasons for the selection, and timing of colonisation, of new sites are poorly
understood. Most have lost their human inhabitants within the past 2-4 decades. Most
recent sites incorporate wide open beaches allowing easy access; pup mortality at these
sites appears to be lower than at older, long-established sites. At least at present,
Scottish grey seal population growth does not appear to be food or space limited.
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EFFECT OF DISTURBANCE ON PUP WEANING MASS IN
SOUTHERN ELEPHANT SEALS

G.H. Engelhard!, S.M.J.M. Brasseur!, A.J. Hall2 , D.J. Slip3,
H.R. Burton3, M.A. Fedak? and P.J.H. Reijnders!

IDept. Aquatic Ecology, IBN-DLO, PO Box 167, 1790 AD Den Burg, The Netherlands
2Sea Mammal Research Unit, Gatty Marine Lab, St Andrews KY 168LB, UK
3Australian Antarctic Division, Channel Highway, Kingston, Tasmania 7050, Australia

Quantifying the effects of disturbance on breeding biology of southern elephant seals
(Mirounga leonina) is considered necessary for management and monitoring of human
impacts on (Sub)Antarctic ecosystems. We monitored a number of potential behavioural
and physiological measures of disturbance. It was hypothesised that disturbance would
have a negative effect on the mother-pup energy transfer resulting in lower masses of
pups at weaning. This paper describes the effect of handling on pup weaning mass.

On Macquarie Island, 30 mother-pup pairs were given different degrees of experimental
disturbance. Three experimental groups of 8, 4, and 6 pairs were captured, respectively,
3, 4, and 5 times throughout the lactation period around days 2, 11, (14, 18), and 21
post partum; a control group of 12 pairs was only captured on the 21st day post partum,
one of the last days of lactation. Captures included anaesthetising the mother and
physically restraining the pup, taking blood and milk samples, and measuring weight
and length.

Weaning masses of pups, corrected for maternal length, were significantly different
among the four groups (Kruskal-Wallis H=11.9, df=3, P<0.01). Remarkably, this
difference was largely due to the most intensely treated group captured five times (mean
98 kg £ 18 S.D.); weaning masses did not vary significantly (Kruskal-Wallis H=1.8,
df=2, P>0.05) between the control group (mean 125 kg =29 S.D.) and the experimental
groups captured 3 times (mean 119 £ 15 S.D.) and 4 times (mean 125 £ 16 S.D.). As
there is evidence of an association between weaning mass and juvenile survival (C.R.
lc\i/IcMahon, pers. comm.), the effect observed would imply an adverse fitness effect of
isturbance.

Additional data on behaviour, blood stress parameters, milk composition, and survival

rate are needed to study the mechanism by which disturbance may affect weaning mass
and survivorship and to what extent.
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SURVIVAL IN POST-WEANED GREY SEAL PUPS
IN RELATION TO WEANING MASS

A.J. Hall, S.E.W. Moss, B.J. McConnell, and P.S. Hammond

Sea Mammal Research Unit, NERC, Gatty Marine Laboratory,
University of St Andrews, Fife, Scotland, KY 16 8LB

The aim of this study was to estimate the survival of a cohort of post-weaned grey seals
(Halichoerus grypus) during their first year of life and determine whether survival is
related to size at weaning. 250 pups born at the Isle of May, Scotland in 1996
(approximately 25% of the birth cohort) were tagged using a specifically designed
passive head tag. The tags were glued to the head of the seal and will float when
detached. We assume tags will become detached when the animal dies or moults next
season, so tags recovered before the moult represent dead animals. The tags were
individually numbered and colour coded according to three weight categories (<35kg
n=100, 35-40kg n=85 and >40kg n=65). Tag recoveries and live resightings from
regular trips to three major grey seal haul-out sites on the east coast of the UK have
provided information to estimate initial survival in each group.

Data from 11 weaned pups fitted with satellite relay data loggers between 1993 and 1995
indicated there was no significant relationship between the proportion of time spent
hauled out, after leaving the breeding beach, and mass. Consequently, the probability of
sighting a tagged animal hauled out appeared to be independent of size.

Re-sightings of the different colour tags on live animals (number seen as a proportion of
those tagged in each size class) were 0.33 (<35kg), 0.20 (35-40kg) and 0.34 (>40kg).
This resulted in survival estimates for the first 6 months of life (based on a single mark
continuous recovery model) of 0.47, 95% CI.=0.41-0.54 for the <35kg class, 0.43,
95% C.1.=0.37-0.51 for the 35-40kg class, and 0.52, 95% C.1.=0.43-0.63 for the
>40kg class. Thus, there was no significant effect of mass on survival.

Tag recovery data showed that the overall survival in the first 6 months of life was 0.24
(95%C.1.=0.21-0.26). There was no significant difference in survival between the small
and large size classes (<35kg 0.29, 95%C.1.=0.25-0.34; >40kg 0.28 95%C.1.=0.22-
0.35). However, pups in the middle class had a significantly higher survival rate (0.52,
95%C.1.=0.45-0.60).
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TRADITIONAL VERSUS PRECAUTIONARY APPROACHES TO
THE MANAGEMENT OF COASTAL CETACEANS

P.S. Hammond', P.M. Thompson2, B. Wilson2 and K. Grellier?

! Sea Mammal Research Unit, Gatty Marine Laboratory, University of St Andrews, St Andrews,
Fife KY 16 8LB, Scotland, UK

2Lighthouse Field Station, Department of Zoology, University of Aberdeen,
Cromarty, Ross-shire IV11 8Y]J, Scotland, UK

Traditionally, marine resources have been managed on a basis where controls on new
developments are implemented only when harmful effects on other interests can be
demonstrated. This approach poses particular problems for the conservation of coastal
cetaceans because potential threats are diverse and likely to interact, and the problems
inherent in monitoring cetacean populations result in low power to detect any effects.
Recognition of these problems has led to the development of integrated coastal
management programmes in many countries and the endorsement of precautionary
management principles in many national and international agreements. In practice,
however, a number of factors may prevent application of precautionary rather than
traditional management approaches. Politically, there often remains a demand for
scientific “proof” of a problem before controls are implemented and many scientists
remain reluctant to deviate from the traditional approach to minimising Type I statistical
error.

We illustrate these problems using a case study from the Moray Firth, Scotland. This
estuarine area will soon be designated and managed as a site to conserve bottlenose
dolphins under the European Community’s “Habitats Directive”. The population is
small, isolated and faces a wide range of potential threats: oil extraction, waste disposal,
military training, fisheries, transport, and recreation. We combine the results of
population surveys to monitor abundance, power analyses and population viability
analyses to explore the consequences of adopting either traditional or precautionary
approaches to management. In doing so, we aim to show how this framework could be
developed to provide a scientific basis for illustrating the level of precaution required for
the management of activities which may impact upon coastal cetacean populations.
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CONSERVING GENETIC DIVERSITY IN MARINE MAMMAL
POPULATIONS: THE CASE OF THE MEDITERRANEAN MONK SEAL

J. Harwood!, J. Halley? and J. Derry?

INERC Sea Mammal Research Unit, University of St Andrews, Fife KY 16 9TS, Scotland
2School of Mathematical & Computational Sciences, University of St Andrews,
Fife KY 16 9XD, Scotland

Small and fragmented populations of all species are at risk of losing genetic diversity
through genetic drift, inbreeding depression, selection and a number of processes which
occur at the molecular level. We review the way in which each of these factors can affect
genetic diversity in marine mammal populations, evaluate their relative importance, and
consider what the consequences of loss of genetic diversity might be.

Drift alone is unlikely to be responsible for the low levels of genetic diversity observed in
some marine mammal populations. We use a proposal to translocate part of the surviving
population of Mediterranean monk seals (Monachus monachus) from the west coast of
Africa to the Canary Islands to illustrate how mathematical models can be used to
evaluate the likely success of management actions. If a small translocation had taken
place before the mass mortality which seriously affected this population in May and June
of 1997, it would have had little effect on the parent population, so long as that
population was stationary or increasing, and would have reduced the risk of extinction
for the entire population from a single catastrophic event. However, the probability of a
new population becoming established is small. Even if a translocated population can be
established successfully, it is likely to have less genetic diversity than the parent
population unless a substantial number of animals are translocated.
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FINE SCALE DISTRIBUTION OF BOTTLENOSE DOLPHINS
IN THE MORAY FIRTH, SCOTLAND

G.D. Hastie, B. Wilson, K.E.M. Wilson and P.M. Thompson

Zoology Department, University of Aberdeen, Lighthouse Field Station, Cromarty, Ross-shire, UK

The Moray Firth, Scotland, is home to a resident population of approximately 130
bottlenose dolphins (Tursiops truncatus). Boat based photo-identification surveys
conducted since 1990 showed that, within the main part of the population’s range, a
small area was used by over 60% of the population in a single year and was the only area
used consistently year round. This is located at the entrance to the Cromarty Firth, a
deep narrow channel of approximately 6 km2. The reason why this small area is favoured
by the dolphins is unclear.

The entrance to the Cromarty firth is an area also used for human activities including
shipping, spoil dumping and fish farming. In order to minimise potential impacts from
these human activities and provide effective protection for the dolphin population, more
detailed information on their spatial and temporal use of this area is required.

The primary objectives of this study were to examine the fine scale habitat use and
behaviour of the dolphins with respect to seasonal, tidal and diurnal changes within the
entrance to the Cromarty Firth.

Observations were made from a 70 m high headland overlooking the survey area. The
positions of dolphins were obtained using an electronic theodolite and their behaviour
was recorded on video. These tracks of dolphins allowed information on behaviour and
habitat use to be linked. Furthermore, regular samples using the video camera provided a
distribution map of dolphin surfacings based on cue-counting. Results have provided
information necessary for the management of this population, whilst this new technique
offers an objective method for investigating patterns of fine scale habitat use by inshore
cetaceans.
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MARINE BLASTING: NEW AND IMPROVED APPROACH TO
MINIMISE MARINE MAMMALS AND SEA TURTLE IMPACT

R.G. Maggi, P.E. Mascarelli, D.P. Moore and C. Schmitt

Caribbean Centre for Marine Studies, PO Box 585, Lajas, PR 00667

For the last decade there has been growing concern about the effect of man-made sounds
in the ocean on the marine life, specially in coastal zones. During 5th March and 1st
May, 1997, a series of 37 blasting activities, using an average of 1468.8 lbs. of
explosive each, occurred in conjunction with the construction of the Ponce Deep Ocean
Sewage Outfall Pipeline, at the bay of Ponce, Puerto Rico. A resourceful disposition and
distribution of charges, along with an innovative combination of different surveillance
devices provide a successful and safety protection area for marine mammals and sea
turtles. Sound pressures level less than 10 PST were recorded at distances of 70 meters
from the blasting point. Pre and post blasting surveillance activities were carried out,
combining a bottom scanner and a specially constructed side scan sonar, as well as visual
recognition, covering an average of 0.66 nm of radii from the blasting point.

Although several marine mammals (72) and sea turtles (33) were observed, no animals
were confirmed injured or killed during the entire blasting activity. For all purposes, it
was judicious environmentally and economically to consider the ecological components
in advance and include them into the design of this kind of project. Mankind enhanced
ecological consciousness, and the pursuits of economical development do not have to
contradict each other as is still widely (but erroneously) believed. Ultimately, they must
converge for an ecological and economical balance.
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SPATIO-TEMPORAL MODELLING OF EASTERN TROPICAL
PACIFIC DOLPHIN ABUNDANCE

F. Marques!, N.H. Augustin?, S.T. Buckland! and P.C. Fiedler?

1School of Mathematical and Computational Sciences, University of St. Andrews,
North Haugh, St. Andrew KY 16 9SS, Scotland
2Bjomathematics & Statistics Scotland, Scottish Crop Research Institute,
Invergowrie,Dundee DD2 5DA, Scotland
3NMFS, Southwest Fisheries Science Centre, La Jolla, CA 92038-0271, USA

Incidental mortality of dolphins during tuna purse seine operations in the eastern tropical
Pacific (ETP) Ocean has negatively affected populations of spotted and spinner dolphins.
Estimates of trends in abundance of ETP dolphin populations are used to assess their
current status. At present trend estimates are obtained using post-stratification techniques
applied to sightings data collected since 1975 by observers on board tuna vessels. If the
precision of these estimates can be improved, current trends in the populations will be
identified earlier. To improve the precision and to explore dolphin distribution and
movements we used generalised additive models (GAMs) containing environmental and
spatio-temporal covariates to separately model encounter rate and mean school size.
Annual estimates of relative abundance were obtained from the fitted density surfaces,
and trends estimated using a GAM fitted to the annual abundance estimates (1975-1990).

Results from the spatio-temporal model suggest a significant increase in relative
abundance since the early 1980s for the eastern spinner dolphin stock, with a substantial
increase in the precision of the estimate for 1990. For the north-eastern offshore spotted
dolphin stock, a significant decline in abundance since the mid 1970s was observed, with
no apparent trend in the late 1980s-1990. However, data from the early years are
limited, and comparisons with that period should be treated with caution. Analyses of
model residuals do not suggest any apparent patterns, but the models tend to perform
poorly near the outer regions of the nominal stock areas. The use of 'structural zeros' to
improve model robustness will be reviewed. Preliminary results from a simulation study
to evaluate model] performance will be reported.
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THE SITUATION OF THE MEDITERRANEAN MONK SEALS
ON THE TURKISH COASTS

B. Ozturk

Faculty of Fisheries, Istanbul University, Ordu Cad. No:200, Laleli-Istanbul, Turkey

The Mediterranean monk seal Monachus monachus (Hermann, 1779) is a highly
endangered species, remaining only in ex-Sahara on the Atlantic coast of Eastern Africa
and in the Eastern Mediterrancan Sea. In the Turkish waters, this species has been under
the legal protection since 1977. However, it is important to continuously monitor the
status of the species to implement more effective protection measures. For this reason,
the status of the Mediterranean monk seals in the Turkish coasts of the Black Sea,
Marmara Sea, Aegean Sea, and Mediterranean Sea was studied from 1986 to 1996 for 10
years. Direct censuses were made, as well as the first hand information was collected
from the fishermen. During this study, 44 individuals were identified for all the Turkish
waters: two individuals in the Black Sea, two in the Marmara Sea, 28 in the Aegean Sea,
and 12 the Mediterranean Sea. Except for the two individuals in the Bodrum Peninsula
and the three individuals in the Sicilian Basin, all monk seals were single animals. This
means that the seal populations lost their colony peculiarities. Main causes of the decline
of the monk seals in Turkey are deliberate killings, overfishing and loss of habitats.
Twenty four seal deaths were reported during the study period. Twelve of them were
deliberately killed, six of them were drowned in the nets and the reason for six deaths
was not determined.

CAN PARASITES HELP CETACEANS? PARASITES AS BIOLOGICAL
TAGS OF FRANCISCANA IN SOUTH AMERICAN WATERS

J.A. Raga, F.J. Aznar and J.A. Balbuena

Dept. of Animal Biology, University of Valencia, Dr. Moliner 50, 46100 Burjasot, Spain

Parasites suffer from a severe problem of public relationship. Often perceived as
unpleasant and disgusting, they have been neglected in ecological studies despite they
represent a fundamental part of the living world. Furthermore, parasites are relevant to
host conservation programmes because they can provide useful and valuable information
about host populations, particularly on stock identity, migration and social structure. Not
surprisingly, the use of parasites as biological tags of marine mammals has increased
over the last ten years. In this study we compared the helminth fauna of the franciscana
(Pontoporia blainvillei) in several locations of Argentina, Uruguay and Brazil, in order to
identify host ecological stocks along the entire geographical range. This is particularly
important because franciscana populations currently suffer from a heavy mortality by
fishing, but the actual impact is uncertain as the population status of the franciscana is
poorly known. Data on helminths of 46 franciscanas collected during the austral spring
1988-89 in Buenos Aires province (Argentina) were compared with previous information
from dolphins off Punta del Diablo (Uruguay). We found both qualitative and
quantitative differences in parasite faunas, which suggests that at least some ecological
segregation exists between franciscanas north and south of La Plata Estuary. This
conclusion is further supported by recent helminthological evidence from southern
Brazilian waters. We conclude that franciscanas may not move between these areas at
least during spring, coinciding with their reproductive period. The ever increasing
demand for conservation of marine mammals requires the integration of a wide array of
data. A plea is made for further multidisciplinary studies including genetic, meristic and
parasitological information.
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BREEDING GROUND OF HARBOUR PORPOISES (PHOCOENA
PHOCOENA) IN THE NORTH SEA OFF SCHLESWIG-HOLSTEIN
(GERMANY) AND ITS IMPLICATION FOR MANAGEMENT

R. P. Sonntag!, H. Benke2, A. R. Hiby3 and R. Lick!

IFTZ West-coast, University of Kiel, Werftstr.6, 25761 Buesum, FRG
2German Museum for Marine Research, Katharinenberg 14, 18439 Stralsund, FRG
3Conservation Research Ltd. 110 Hinton Way, Great Shelford, Cambridge SAL CB2, UK

The occurrence of harbour porpise calves was studied in the coastal waters of Schleswig-
Holstein, Germany. Between 1990 and October 1996 all stranded harbour porpoises
along the North Sea coast of SchleswigHolstein were investigated. 71.6% of the 197
stranded porpoises younger than one year were found on the island of Sylt and 7.6% on
the neighbouring island of Amrum, whereas a significant higher proportion of
presumably subadult harbour porpoises aged between 1 and 4 years stranded on beaches
south of Sylt than on this island. In addition to collecting stranding data, the area was
investigated by aerial survey. 15.8% of the sighted porpoises in the Sylt area were
calves, whereas the average calf proportion for the whole North Sea during the 1994
SCANS survey was only 5.4%. The significant higher proportion of calves off Sylt
demonstrates the importance of these coastal waters as a breeding and nursing area for
harbour porpoises. Therefore, the area should be protected, at least during the summer
months, when harbour porpoise calves are most vulnerable to disturbances.

ARGOS SECOND AND THIRD GENERATIONS ARGOS SYSTEM
EVOLUTION FOR ANIMAL TRACKING

M. Taillade

Collecte Localisation Satellites, 8-10 rue Herm9/, 31526 Ramonville, St. Agne Cedex, France

The Argos Data Collection and Location Satellite System is operated under a partnership
agreement between NOAA (National Oceanographic and Atmospheric Administration -
USA) and CNES (Centre National d'Etudes Spatiales - France) to provide a worlwide
in-situ environmental data collection and Doppler-derived location service. One of the
most significant use of Argos involves the location and collection of data associated with
scientific programmes that study animals (birds, marine and terrestrial animals) all over
the world. Recently an independent survey of the major international users was
conducted to obtain their perspective on Argos system capabilities. Further clarification
of Argos system User requirements was obtained through responses to an extensive
Argos questionnaire. The results of the survey indicated that certain Argos system
Users' requirements could only be addressed through modification of the satellite
instrument along with associated changes in ground segment management. The User
requirements are summarised as follows: * Improve Satellite Coverage * Increase Data
Volume transmission capability * Improve Satellite Receiver Sensitivity to reduce
platform power requirements or enhance transmission performance * Allow to control
platforms remotely by having a two-way communication capability with the satellite. The
desirability of many of these improvements was anticipated by Argos, and this paper will
present plans for the second generation (Argos-2) beginning in 1996. Enhancements
(under discussion during 1997) decided for the third Argos generation beginning in 2002
are under discussion and are presented.
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REMOTE SENSING OF HARBOUR PORPOISE BEHAVIOUR IN
RELATION TO GILLNETTING ACTIVITY IN DANISH WATERS.

J. Teilmann!> 2, F. Larsen3 and G. Desportes*

1 Centre for Sound Communication, Institute of Biology, Odense University, 5230 Odense M, Denmark
2Danbiu ApS, Tornagervej 2, 2920 Charlottenlund, Denmark
3Danish Institute for Fisheries Research, Charlotteniund Castle, 2920 Charlottenlund, Denmark
4Fjord- and Belt Centre, Margrethes Plads 1, DK-5300 Denmark

An estimated 5-10,000 harbour porpoises are taken annually as by-catch in the Danish
gillnet fishery. Concern has been expressed that this by-catch may not be sustainable.
An abundance of about 300,000 harbour porpoises has been estimated in the North Sea
and adjacent waters.

Preliminary studies on population structure suggest the existence of several sub-
populations, that could well be affected very differently by the geographically
concentrated fishery. However, the specific impact of the by-catch on each of these sub-
populations is not known. Similarly, the reason why harbour porpoises become
entangled in these gillnets is not well known cither. Studies on harbour porpoises
migrations and preferred habitats as well as studies on the behaviour of these animals
around gillnets are therefore essential in order to understand the processes that govern
susceptibility to by-catch.

To address this problem we mounted satellite-linked-time-depth-recorders on two
harbour porpoises to study their movements and diving behaviour. The porpoises were
by-caught in pound nets in April 1997 in the Danish Belt seas. Within 26 days a
subadult male moved more than 800 km tc the south-east of Norway, frequently diving
to the seabed throughout the day. The maximum depth and duration was 166 m and 7
mins, respectively.

An adult female accompanied by a one year old calf moved forth and back along the
western and northern coast of Sjelland for 38 days until contact was lost. This animal
too, examined the seabed frequently to a maximum of 44 metre and with a dive duration
up to 9 minutes.

The general picture from these results shows that subadult males are capable of moving
extensive distances within a short time. The adult female accompanied by its calf,
moving in a well defined coastal route, gives an impression of a ‘home-range’. Within
this ‘home-range’ some of the highest densities of gillnets in the Danish waters are found
during the spring.
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FISH-INDUCED ANAEMIA IN SCOTTISH HARBOUR SEALS;
A CLUE TO DECLINES IN BERING SEA PINNIPED
AND SEABIRD POPULATIONS?

P.M. Thompson!, D.J. Tollit!, H.M. Corpe!, R.J. Reid?,
and H.M. Ross?

]Lighthouse Field Station, Department of Zoology, University ol Aberdeen,
Cromarty, Ross-shire, IVI1 8YJ, UK
2Scottish Agricultural College Veterinary Investigation Services, Drummondhill,
Stratherrick Road, Inverness 1V2 4JZ, UK

Since the mid-1970s, populations of several pinniped and seabird species have been
declining in the Bering Sea and Gulf of Alaska. A number of potential causes including
competition with fisheries, incidental takes, disease, and pollution have been proposed,
but no clear primary reason for the declines has yet emerged.

In NE Scotland, between-year variations in the availability of over-wintering clupeids
(herring and sprat) have allowed us to assess the consequences of variations in diet
composition in a population of harbour seals. Recent analyses suggest that, as reported
for farmed mink and foxes in the 1960s, seals experienced a fish-induced anaemia when
they switched from clupeid prey to alternative species such as gadoids and sand eels. As
in mink, we found diet-related differences in juvenile growth and there is evidence of a
recent decrease in population growth rates. While differing in pattern and temporal scale,
changes from a clupeid to a gadoid dominated prey community in Scottish waters have
parallels with that reported for the Bering Sea.

Previous studies of the effects of changes in prey availability on Bering Sea top predators
have focused on the energetic consequences of differences in diet composition. Here, we
outline our evidence for an additional physiological cost to prey switching in Scottish
harbour seals, and discuss the potential role of differences in prey nutritional quality for
the dynamics of declining populations of Bering Sea pinniped and seabirds.
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FIRST RESULTS ON THE DISTRIBUTION OF CETACEANS IN THE
SOCIETY ISLANDS (FRENCH POLYNESIA)

O. Gannier! and A. Gannier?

lGREC, 741 Chemin des Moyennes Bréguieres, Villa 13, 06600 Antibes, France
2Laboratoire d’Ecologie Marine, U.F.P., BP6570 Faaa Aeroport, Tahiti, F.P

INTRODUCTION The hydrobiological situation of the Central Tropical
Pacific is dominated by superficial biomass levels of less than 0.1 g.Chla.m-3 (Rancher
and Rougerie, 1993), if one excepts a narrow equatorial band, where moderate primary
production occurs (Longhurst and Pauly, 1987). More than 20 species of cetaceans may
frequent the waters of the Society Islands, at least seasonally (Leatherwood and Reeves,
1985; Evans, 1987). Poole (1993) listed a serie of 17 species, by analysing reports
obtained from various sources, including himself: 15 are odontocetes and two are
mysticetes. If cetaceans are said to be common around Polynesia, it remains to describe
their distribution and relative abundance in response to a very oligotrophic ecosystem.
French Polynesia alone comprises five archipelagoes extending over 20° of latitude and
20° of longitude. We present here the results obtained from data collected during two
different surveys in 1996 and 1997 in the waters of the Society Islands.

MATERIAL AND METHODS A dedicated survey program was organised
on a 12 m auxiliary sailboat in March-April 1996, in October-November 1996 and from
March to May 1997 around the Society Islands. The same field protocol was adopted
during the three sub-surveys: sampling was essentially done on diesel propulsion (speed
5 kts), taking place with wind speed less or equal to 10 knots. Sampling effort did not
include short bouts inside the barrier reef and searching started and ended outside of the
passes. Two or three observers shared the frontal sector, searching with naked eyes.
Cetaceans were positioned upon detection, radial distance and bearing estimates were
recorded, and were thereafter approached for species determination and school size
estimate. This survey program covered the 0-50 miles area around the main islands of
the Societies, from Tahiti to Maupiti, with an effective effort of 1,963 km, representing
246 hours of searching effort.

The other survey took place in December 1996 on the 85 m oceanographic vessel R/V
“L’ Atalante”, belonging to IFREMER (Institut Frangais de Recherche pour I’'Exploitation
de la Mer). It was organised by the Université Francgaise du Pacifique and consisted in
an extensive geophysical sampling of a large area known as «Savannah seamounts»,
some 100 miles southwest of Tahiti. One observer was searching with naked-eye from
the upper deck (15m above the surface), the vessel cruising at 10 kts. The searching was
interrupted when the wind speed exceeded 15 knots. This was a passing mode survey and
species identificaton was done with a 10x56 binoculars. Mission specific material
included very noisy underwater devices (airguns and sonar) that caused any cetaceans to
rush off the vessel trackline. An effective effort of 2,166 km was achieved during this
geophysical survey, representing 118 hrs of sighting effort.

The species identification was sometimes aided by microscope observation of fine grain
colour slides. Sighting rates were estimated for delphinids for each survey with Distance
software, by only taking account of the survey effort with wind speed lower than 10
knots (Laake er al., 1994). For both surveys, the area of study was stratified into an
inshore stratum (within 15 milles from shore) and an offshore stratum (more than the 15
milles off shore). Confidence intervals were estimated on the basis of log-normal
distribution. The diversity of odontocetes was evaluated with the Shannon-Weaver index
(Frontier and Pichod-Viale, 1995):

H=- 3 (Ni/Np) Log? (N/N))

54



where N; is the number of observed individuals belonging to the species i and Ny is the
total number of observed cetaceans.

RESULTS A total of 58 groups of cetaceans were observed, including one species of
mysticete (Megaptera novaeangliae), two species of beaked whale (Mesoplodon
densirostris) and (Ziphius cavirostris) and eight species of delphinid (Stenella
longirostris, Steno bredanensis, Peponocephala electra, Lagenodelphis hosei, Tursiops
truncatus, Globicephala macrorhynchus, S. attenuata, Feresa attenuata). From the total,
10 sightings were off-effort: six of spinner dolphin, three of humpback whale and one of
bottlenose dolphin. 39 sightings on nine species were made during the small boat
surveys (Table 1). Eight sightings on six species were made during the geophysical
survey (Table 2).

The humpback whale was observed in groups of 1-2 animals during its breeding season
(July-November), generally very close to the reef barrier (less than 1 km). It was only
observed in the Windward Islands (Tahiti, Moorea and Maiao). Beaked whales were
sighted less than three miles from the reef (M.densirostris) or farther in the inshore
stratum (Z.cavirostris) in groups of 2-4 individuals.

From the total of 39 delphinid schools sighted in-effort, three were seen offshore during
the geophysical survey, including the only sightings of pygmy killer whale (10-12
animals) and pan-tropical spotted dolphin (about 70-100 individuals). The majority of
the dolphins were sighted inshore, usually less than 5 milles from the reef. The spinner
dolphin was the most common species seen during both surveys, with a total of 17
schools observed in-effort and a mean school size of 25.9 individuals. Fifteen sightings
were made during the dedicated cruises and two during the geophysical survey. All
sightings were obtained inshore. The second most frequent species is the rough-toothed
dolphin, with nine sightings (including 8 during the dedicated surveys). This is a wide-
ranging dolphin, mostly occuring in groups of 1 to 15 individuals (mean 5.6), always in
the inshore stratum but sometimes at a distance of six miles from the barrier reef. Its
distribution range includes all the islands from Bora Bora to Tahiti.

The melon-headed whale and Fraser’s dolphin were observed four times in mixed
schools during the dedicated survey (totalling 150-200 animals), with a higher number of
melon-headed whales (mean school size 80 individuals) than Fraser’s dolphins (mean
school size 42 individuals). These inshore agregations also included rough-toothed
dolphins on two occasions. One large group of Fraser’s dolphins (about 100 dolphins)
was also seen offshore during the geophysical cruise. Two groups of short-finned pilot
whales were observed inshore: one during the dedicated survey (35 animals), and one
during the geophysical survey (7 individuals). With one on-effort sighting in the
Leeward Islands, the bottlenose dolphin is the least frequently observed of the inshore
dolphins. The only sighting of pygmy killer whale was a school seen close to the bow
during the geophysical cruise, while the air gun system was switched off.

With 10 species of odontocetes obtained in 44 in-effort sightings, the index of diversity
of Shannon-Weaver is 2.41, which is about 72% of the maximum possible value.

During the dedicated survey, the sighting rate was of 0.0 group/mile for the offshore
stratum against 1.62 10-2 group/mile (CV=26%) for the inshore stratum. For the
geophysical survey, the figures were of 1.01 10-2 group/mille (CV=51%) for the inshore
stratum and 0.08 10-2 group/mile (CV=61%) for the offshore stratum. Pairwise T-test
comparisons show that inshore and offshore strata are significantly different for both
surveys. This situation is also visible on an histogram, where 40 sightings out of 58
were made at less than two miles from the shore line of the reef barrier (Figure 1).
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DISCUSSION These results are broadly similar to those published by Poole
(1993), but this author lists eight species that we did not observe, and does not mention
one species that we saw. The randomness of sampling work may account for the
differences. It is also true that species identification in tropical waters can be sometimes
problematic even for very experienced observers: therefore, reports from amateur may be
regarded with prudence. With ten species sighted for an effort of 2,000 miles, the local
odontocete population displays diversity, while the mysticete population is only
represented by the humpback whale. The high Shannon index of diversity (2.41) may
reflect a high degree of stability in the trophic conditions. The absence of sperm whale
from our records is most surprising if one considers the ancient whaling history of
Polynesia (Dodge, 1971; Townshend, 1935): our surveys were essentially made without
hydrophone. Additional data obtained in October 1997 includes one sighting of Physeter
macrocephalus and one of Grampus griseus (unpublished data).

The other striking feature is the distribution of cetaceans favouring the inshore stratum:
for the odontocetes, it may be explained by the availability of food resources. In the
open ocean around the Societies, there is a mixed superficial layer of about 100-150m,
above a transition layer of 200-400m thickness (Rancher and Rougerie, 1995): this
hydrological situation is not favourable to the feeding of cetaceans unless they are deep
divers. Several reasons may explain the affinity of cetaceans for inshore waters: the
islands are volcanic cones with slopes of about 10-20°. A small scale productivity
increase around the islands may evolve from eddies linked to the current flow around the
islands, or from local nutrient inputs due to rivers and rainfall, or from less understood
phenomenon (Rougerie and Wauthy, 1986).

The seasonal thermal contrast in superficial waters (from 24-25°C in August to 29-30°C
in March) may cause some seasonal variation in the cetacean population. If we except the
obvious case of the humpback whale, our data are not numerous enough to imagine such
a change. If the spinner and rough-toothed dolphins are clearly present year-long, the
seasonal absence of other delphinids (melon-headed whale, Fraser’s dolphin) from our
records appears to be largely incidental, as confirmed by other cetologists observations
(Jay Sweeney and Kristi West, pers. comm.). We clearly need new sets of data to study
this seasonal aspect.

CONCLUSIONS The particular structure of the cetacean population of the Society
islands, as shown by this study, features a high diversity and an accentuated spatial
segregation, favouring the inshore waters. Other archipelagoes of French Polynesia may
display distinct situations.
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Marine, U.F.P.) for her encouragements and support. We also thank Pr Alain Bonneville
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Table 1 Sightings made during the small boat survey.

species dedicated survey dedicated survey
inshore stratum offshore stratum
Megaptera
novaeangliae 3 0
Mesoplodon
densirostris 2 0
Ziphius
cavirostris | 0
Stenella
longirostris 15 0
Steno
bredanensis 8 0
Peponocephala
electra 4 0
Lagenodelphis
hosei 4 0
Tursiops
fruncatus 1 0
Globicephala
macrorhynchus 1 0
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Table 2 Sightings made during the oceanographic survey (December 1996).

species oceanographic survey | oceanographic survey
inshore stratum offshore stratum
Stenella 2 0
longirostris
Steno bredanensis 1 0
Lagenodelphis 0 1
hosei
Globicephala 1 0
macrorhynchus
Stenella attenuata 0 1
Feresa attenuata 0 1
unidentified dolphin 1 0
35 31
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Figure 1: Number of sightings and distance from the shore or reef barrier line.
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STRANDINGS OF CETACEANS ALONG THE COASTS
OF CRIMEAN PENINSULA IN 1989-1996

S.V. Krivokhizhin and A.A. Birkun, Jr.

BREMA Laboratory, Simferopol, Crimea 333720, Ukraine

INTRODUCTION Three species of cetaceans are known in the Black Sea: the
harbour porpoise (Phocoena phocoena), the bottlenose dolphin (Tursiops truncatus) and
the common dolphin (Delphinus delphis). The contemporary status of their populations
is not sufficiently clear (Klinowska, 1991; Birkun et al., 1992; Buckland et al., 1992;
Birkun and Krivokhizhin, 1996). There is a scarcity of scientific data on cetacean
population abundance, their distribution, migrations, biology, genetics, threats,
pathology, and even taxonomy. In particular, the most accurate currently is the CIESM’s
Atlas préliminaire de distribution des cétacés de Méditerranée (Beaubrun, 1995) does not
present any maps on dolphins and porpoise occurrence in the north half of the Black Sea.
Undoubtedly, this is a consequence of poor information exchange between eastern and
western cetologists not long ago. Moreover, the results of annual, more or less regular
(every spring and autumn), observations in that area are not summarised yet, although
four research institutes in Russia, Ukraine and Georgia collected numerous data during
1967-1989. Then, surveys were ceased completely because of lack of funding, but a
study of cetacean strandings began just at that time in the Crimea.

METHODS Since February 1989, cetacean strandings were recorded along the
Crimean coasts of the Black Sea. The entire length of the coastline permanently explored
was about 650 km: from Karkinit Bay in the north-west to the Kerch Strait in the east.
The stranding network was established here on the base of existing coastal frontier
outposts and numerous voluntary assistants, mainly local inhabitants interested in
wildlife conservation. The network was strengthened by a few specialist monthly patrols
of two control coastal parcels 30 and 35 km long.

In addition, 120-180 km of Azov Sea’s coastline were examined each year. An active
search of stranded animals has been conducted annually in June since 1990 by two
groups of trained volunteers travelling on foot along Kazantip Bay (southern coast of the
Sea), and three special expeditions were organised in April 1994, May 1995, and May
1996 to Arabat Spit (western coast).

The strandings were recorded in correspondence with the following scheme: date and
geographical point of finding, animal species, sex, external measurements, and state of
carcass preservation. In most cases, postmortems and tissue sampling were examined by
specialists for cause of death and disease investigation. The Black Sea Geographic
Information System (Version 2.0, BSEP/UNDP, 1997) was used for mapping
strandings in accordance with the CIESM protocol (1996).

RESULTS AND DISCUSSION A total of 817 strandings were recorded.
Although this number is not absolute because of obvious imperfections in the
methodology, some figures and conclusions presented below could be interesting for
consideration.

Black Sea strandings
Black Sea strandings (552 cases; 100) were represented by harbour porpoises (321; 58),
common dolphins (93; 17), bottlenose dolphins (45; 8), and unidentified small cetaceans

93; 17), but.there are no suspicions that unidentified animals could be representatives of
another species than Ph. phocoena, T. truncatus and D. delphis.
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Among known cetaceans (459; 100), the harbour porpoises were predominant (70),
whereas common dolphins (20) and bottlenose dolphins (10) constituted the minority.

Peaks in Black Sea harbour porpoise strandings were recorded in 1989 (46 cases), 1990
(225), and 1995 (33). Only 17 Phocoena strandings were found during all the other five
years combined (Fig. 1).

Distinct peaks of common dolphin strandings were observed in 1990 (39 cases) and
1994 (27) (Fig. 2). Moreover, in 1994, the number of Delphinus strandings was
predominant in comparison with harbour porpoise (one animal) and bottlenose dolphin
(four animals).

Only one more or less sharp peak in bottlenose dolphins strandings was registered in
1990 (20 from 45 Tursiops carcasses recorded during eight years) (Fig. 3).

So, it is very likely that in 1990 the mass mortality event affected cetaceans of all three
Black Sea species. The second precisely known die-off, which took place in 1994,
concerned only common dolphins. The harbour porpoise also showed a probable
increase in mortality in 1989 and 1995.

In accordance with the data of monthly dynamics, most harbour porpoise strandings
were recorded in spring with a marked peak in April; and numbers of common dolphin
strandings increased in April and July-August. Meantime, bottlenose dolphin strandings
showed no prominent fluctuations during a year. The above-mentioned seasonal peaks
correspond with mass mortality events in spring 1990 (harbour porpoises and common
dolphins) and in summer 1994 (common dolphins).

The origin of the first die-off observed in 1990 is not clearly known (Birkun et al., 1992;
Birkun and Krivokhizhin, 1993). The majority of stranded harbour porpoises were
immature individuals about one metre long (Fig. 4). All necropsied porpoises had severe
lung nematodosis complicated by suppurative broncho-pneumonia, and histological signs
of secondary immunodeficiency, but common dolphins and bottlenose dolphins usually
had no lung disease.

The common dolphin die-off recorded in 1994 was studied more thoroughly (Birkun et
al., 1996). It was supposed that some viral infection has affected Black Sea Delphinus
population, and now the Morbillivirus aetiology has been distinctly shown in two
animals (Birkun et al., 1999).

Azov Sea strandings

Azov Sea strandings (265 cases; 100) were represented by harbour porpoises (231 cases;
87), bottlenose dolphins (3 cases; 1), and unidentified cetaceans (31 cases; 12). No
evidence of common dolphin occurrence in this Sea is known till now.

During the warm season (May - October), the level of cetacean strandings depends on the
widespread use in this region of bottom-set gill nets for sturgeon and turbot. Most
summer strandings were suspected to be by-catches.

Carcasses of bottlenose dolphins also had marks of by-catch. The presence of this

species in lhq Sc_u of Azov seems important in itself because, before 1997, there was only

211 951911gle publication on the existence ofTursiops in this area (Tzalkin, 1940; Birkun et al.,
7).

In late autumn 1993 the harbour porpoise die-off occurred in the south-west corner of the
Azov Sea. Because of unfavourable weather conditions, cetaceans were captured in an
1ce trap (Birkun and Krivokhizhin, 1997).
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CETACEAN SIGHTINGS AND INTERACTIONS WITH FISHERIES IN
THE ARCHIPELAGO PONTINO CAMPANO, SOUTHERN
TYRRHENIAN SEA, 1991-1995

B. Mussil- 2, R. Gabriele2, A. Miragliuolo!- 2 and M. Battaglia2

ISTUDIOMARE via P.L.D'Abundo 82, 80075 Forio d'Ischia (NA), Italy
2WWF Ttalia via Garigliano 57, 00198 Roma, Italy

INTRODUCTION: We chose this area because in the past it has never been the
object of a detailed systematic cetacean study. This is a preliminary report of five years
observations. The purpose of this project was to initiate a longterm study on cetaceans in
a sample area, to record the most common species, analyse seasonal variation in their
presence, verify the existence of resident cetaceans, and study interactions with fisheries.

METHODS: The archipelago Pontino Campano comprises nine volcanic
islands, forming three distinct groups, old eruptive centres, separated from each other by
about 40 km.

During the research we adopted two different methods: between June 1991 and June
1993, data were collected by ferries, cargo and fishing boats sailing in the area. The
recordings were discontinuous but enable us to find out the winter presence of cetaceans
in the area. From 1993 to 1995, in order to obtain more information, we used a 15 m.
sailing boat, "Barbarian", equipped for high seas navigation with a GPS, recording
databases, and a hydrophone system. A constant watch was kept for cetaceans and all
sightings noted with their position, group size, behaviour, associated species, presence
of juveniles, sea state, and wind strength. Trips were conducted daily from dawn to
sunset, and from May to October. No trip was started in conditions greater than sea state
5. Travel was always made by sail.

RESULTS: A total of 330 sightings, including 3,494 individuals of seven cetacean
species, were recorded during the period of the research. We tried to quantify the
observers' effort from 1993 to 1995. Besides recording all dependent variables (sea
state, light conditions, observation height, boat and cetacean behaviour), a sightings
frequency was calculated by dividing the number of individuals by the travelled distance
(km.). These indices varied between 0.09 (1993), 0.12 (1994) and 0.13 (1995) (mean
frequency 1.11).

Striped dolphins (Stenella coeruleoalba) were the most frequent cetacean encountered,
with a total of 183 sightings, comprising 2,557 individuals. The great majority were
sightings of groups of 6-10 individuals (mean group size =13.97) with a maximum
group of 350 animals, and concentrated in the southern waters of the islands, at an
average depth of 700 m. The number of sightings increased to a peak in the month of
September. In the same month, we recorded the highest concentration of juveniles in
striped dolphin groups.

Bottlenose dolphins (Tursiops truncatus) were distributed in coastal waters
particularly at the mouth of the river Volturno and around Ventotene and Ischia islands at
an average depth of 100 m. A total of 68 sightings comprising 501 individuals were
recorded during the study. Most sightings were groups of 2-5 individuals (mean group
size =7.36) with a maximum group size of 100 individuals. Sightings frequency
increase to a peak in June, with the highest concentration of juveniles recorded from May
to August. A resident group of 15 individuals had been photo-identified and studied since
1993: the group comprised four females, six males, one subadult and four juveniles.
The home range of this group extended from Ischia to Ponza, but the most frequent
observations were made around Ventotene.
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Sperm whales (Physeter macrocephalus) were recorded during the survey, with 29
sightings of 39 individuals. Sightings were largely confined to the southern waters of
the islands at an average depth of 700 m.; most sightings were of single animals (mean
group size =1.34) and with greatest frequency in August and September. They were
recorded near the coast at night, during the breeding season of "European flying squids”
(Ommastrephes sagittatus) making use of the high concentration of squids near
fishermen's lights.

Risso's dolphins (Grampus griseus) were relatively uncommon, with 13 sightings of
101 individuals. They were encountered very close to the shore of the islands, in groups
of 7-10 individuals (mean group size 7.76) with a maximum of 15 individuals.
Sightings occurred in all years, decreasing in winter and increasing in September.
Juveniles were recorded in April, May, June and September.

Long finned pilot whales (Globicephala melas) were rarely encountered in the area,
with six sightings comprising 64 individuals. They were observed most frequently in
groups of 6 (mean group size = 10.66) with a maximum of 35 individuals and were most
abundant in October, in south-westerly waters of the islands. Photo-ID studies revealed
the seasonal presence of recognisable individuals in a single location (around Ventotene).

Common dolphins (Delphinus delphis) were the rarest cetaceans in the area, with only
four sightings of seven individuals. They were always in association with large groups
of striped dolphin. Two juveniles were recorded near Ponza, swimming near their
mother. In 1996 (data still being analysed) one sighting of 15 individuals of common
dolphins was recorded without any association with striped dolphin.

Fin whales (Balaenoptera physalus) were recorded throughout the area with 16
sightings of 28 individuals. The majority were sightings of single animals (mean group
size =1.75), with a maximum group size of three individuals. They were most abundant
in summer time, from May to September. The number of juveniles reached a peak in the
month of September.

Unidentified. They were recorded mainly in 1991-1993 during the ferry-census for a
total of 12 sightings, comprising 197 individuals.

Interactions with fisheries were recorded in the area involving illuminated handlines
for squids, surface longlines, trawling nets, bottom gillnets and drift nets.

INluminated handlines for squids. Interactions occurred with striped dolphin,
Risso's dolphin, long finned pilot whale, and sperm whale. In all cases, opportunistic
feeding was completed by small groups of 2-5, or single animals (sperm whale);
cetaceans waited near the fishing boats until the gear's light had attracted a great number
of squids under the boats, and then they quickly swam to catch their prey; this technique
may be repeated several times in one night.

Surface longlines. One interaction was recorded with a sperm whale. We found an
abandoned gear in which a decomposed sperm whale was entangled, probably drowned
in the course of capturing his prey.

Trawling nets. Interactions were recorded with striped and bottlenosed dolphins, in
both cases involving an opportunistic feeding by small groups of 2-5; by making long
dives, dolphins fed all around and within the net, especially at the end of the haul.

Bottom gillnets are used in the area only by artisanal fishermen. Around the islands
of Ventotene and Ischia, interactions were recorded with bottlenose dolphins: every year,
in the months of March, May and September, they were observed preying from the nets.
Dolphins made long dives around the net and produced large rips to catch their prey.
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Drift nets are used throughout the area especially in June, July, and August.
Interactions recorded were with striped dolphin and sperm whale: we found on the high
sea, two specimens of striped dolphin without their tails (sometimes fishermen cut the tail
to more easily extract the cetacean from the net); a juvenile sperm whale, probably
caught, was found dead near Naples with an oblique cut from throat to tail. In 1995, we
spent 28 nights from June to August, the boat adrift, between about 55 swordfish boats
that were in the area. Our aim was to record the vocalisations of any celaceans in
difficulty. Every night, from Ponza to Capri (about 120 km.), fishermen sel two
interrupted barrages (exactly along 1,000 m. and 700 m. depth contours): the boats are
co-ordinated by radio, and the nets set one after another, leaving a minimal security
distance between the boats; drift nets were set at 20:30 hours and retrieved at 03:00
hours. During 243 hours of workable underwater listening, we never heard a click:
cetacean biosonar regularly entered our hearing range at 05:30 hours and disappeared at
21:00 hours.

CONCLUSIONS: Five years of observations have enabled us to establish the
rich variety of cetacean species around the archipelago Pontino-Campano: seven species
were identified in total: one baleen whale, three toothed whales, and three small dolphins.
We also verified the existence of resident bottlenose dolphins and a seasonal presence of
five photo-identified individuals of long finned pilot whale around Ventotene island.

Our main objective is to make a long-term study in a sample area of the Mediterranean
Sea. Long-term study provides a powerful way for developing an understanding of the
social lives of long-lived animals such cetaceans, besides which we are interested in
improving our knowledge of fisheries interactions so that a conservation programme can
be initiated despite all the difficulties involved. Of course in general, several years will
be necessary to adequately conduct analyses of such observations.
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CETACEAN SURVEYS AROUND THE MALTESE ISLANDS &
MALTES SEA-USER CETACEAN QUESTIONNAIRE STUDY

A. Vella

Department of Biology, University of Malta, Msida, MSD06, Malta

INTRODUCTION: Why carry out cetacean research around the Maltese
Islands? 1) Although cetaceans have been studied around Sicily and some areas in the
central Mediterranean (Notarbartolo di Sciara et al., 1993), and have been sighted around
the Maltese Islands for many years by various individuals or organisations, no scientific
cetacean survey has ever focused on the region around these islands before;

2) Combined with the lack of scientific data is an increased threat faced by these
cetaceans including pollution, increased ship and vessel traffic, over-fishing by Maltese
fishermen and those from neighbouring countries, there is poor local knowledge of these
mammals and the inappropriate laws protecting them. In order to promote effective
cetacean protection around the Maltese Islands, knowledge of species abundance and
seasonality of both resident and transient cetaceans in these waters is necessary;

3) Since little is known of the complete distribution and large-scale movements of most
Mediterranean cetacean species, the Maltese Islands are well situated to investigate
possible movements between the eastern and western parts of the Mediterranean Sea as
well as for studying the status of cetaceans in the central and southern Mediterranean.
These first cetacean research surveys aimed at starting to improve the knowledge
available on cetaceans in this region of the Mediterreanean Sea.

SURVEY METHODS Rigorous surveys were conducted to obtain information on
cetacean population status in the Mediterranean Sea around the Maltese Islands (Hiby and
Hammond, 1989). Between June and November 1997, 20 surveys, each averaging c.
148 km (80 nm) were undertaken for a total distance of 2,780 km (or 1,500 nm) (on
effort), and a total observation time of 130 hours.

Random line transects were selected around the Maltese islands and were surveyed by
boat and by plane. This was required since no previous survey had been undertaken,
and sighting records gave very few indications towards any area of cetacean
concentration. Vessel speed during observations varied between 6 to 10 knots, with an
average of 8 knots (15 km/hr). Aircraft speed was kept at 100 knots (185 km/hr) and at
an elevation of 153 m.

In each survey, two trained observers were always present besides the crew members.
Both long and short surveys were undertaken, respectively focusing on regions distant
and close to the Maltese coast. Special effort was taken not to disturb any cetacean
encountered and cetaceans were never approached unless they chose to do so. This often
limited species identification. Wind speed conditions during these surveys varied
between Beaufort 2 and 4, with an average of Beaufort 3 (5.4 ms-!). Indeed, only three
test surveys were undertaken at a wind speed ranging between Beaufort 4 to 5 and these
were aerial surveys.

Once a sighting was established, close observation with binoculars (Nikon 12x50 CF)
for identification was undertaken, followed by careful observations to count the number
and seek differences in size and coloration among the individuals. Photos were also
taken (Nikon 75-200mm lens) to allow photo-identification in future surveys. GPS
readings were regularly taken during the trips and on sightings, to confirm survey tracks,
and to register sighting positions. The results are given in Tables 1-3. To avoid a
stop/start after the confirmation of each sighting (Kishino and Kasamatsu 1987; Hiby and
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Hammond, 1989; Forcada et al., 1994), the track-line was rejoined by following a
convergent course instead of returning to the exact sighting position. This avoided
possible repeated sightings of the same schools. Sightings when not on effort were
excluded in the analyses.

Sighting frequency for all cetaceans sighted for each survey was calculated, as described
by Notarbartolo di Sciara et.al. (1993), i.e. the sighting frequency was calculated by
dividing the number of school sightings made during each bout by the duration (in hrs)
of that bout (these sighting frequencies are illustrated in Tables I and 2). Another
estimate of sighting rate was calculated by considering distance rather than time (results
shown in Table 2).

Following Burnham er al. (1987), density and abundance estimates are presented for the
most commonly sighted species (Tursiops truncatus) in an extended research area and
period from 1997 to 1998. The estimates shown in Tables 4 to 6 were obtained using the
Distance computer software (Laake er al. 1998). The analysis was stratified according to
platform (boat or plane) type.

SURVEY RESULTS: The results obtained for each survey is given in Tables 1-
3. Tables 4-6 include more results obtained during the extended research project between
1997 to 1998, so as to give the first indications of the density and abundance of one of
the more commonly encountered species around the coasts of the Maltese Islands, i.e.
Tursiops truncatus. Results are given according to platform type (sea and aerial surveys)
and as overall combined estimates.

DISCUSSION OF FIELD RESULTS These preliminary results indicate
that cetaceans are indeed present and relatively abundant in the central region of the
Mediterranean. Some species such as the bottlenose dolphins seem to be more abundant
throughout the year, followed by common dolphins and striped dolphins. As sample
sizes will increase with ongoing surveys, it will be possible to obtain increasingly better
estimates of all the cetacean species encountered around the Maltese Islands. Also
important are the photo-1D studies currently being undertaken to start distinguishing
between transient and resident groups/populations around these islands.

Results also indicate a possible local cetacean association with fisheries of economic
importance and seasonality in variation of sighting frequency and abundance. In
particular an association has been observed between striped dolphins and tuna during
June and July, and between common dolphin and dolphin-fish from August - November.
Indeed, in this field study, larger groups of dolphins were seen in cases of association
with fishing activities. Also important is the stranding of a striped dolphin calf in June,
and of a young common dolphin in October. These seem to corroborate the presence of
particular dolphin species in different fishing seasons. Further research will be
undertaken in future fishing seasons to build upon these results. From a conservation
point of view, the observed associations may be the cause of competition between local
fishermen and local cetaceans, and the negalive attitude towards cetaceans expressed by
some local fishermen. Local awareness and careful monitoring is thus required for the
safeguard of cetaceans in this region.

MALTESE SEA-USER QUESTIONNAIRE STUDY One of the main
concerns for cetacean conservation is the role played by man. Too often, researchers
may find themselves dealing with detailed ecological research with little time to assess the
local social basis of some of the important problems facing cetaceans which include
increased vessel traffic and interference, and over-exploitation of marine resources. In a
highly densely populated island such as Malta, it seemed more important to consider this
issue, and try to assess the links between field research results and social attitude by
means of a questionnaire. The questionnaire dealt with both cetaceans and marine life in
general. Around the Maltese Islands, the fishermen’s role in cetacean presence has been
considered important, too often at the expense of other factors playing important roles
such as the role of fish stock assessment through time.
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METHODS IN QUESTIONNAIRE STUDY The cetacean questionnaire
was posted or handed to a group of sea-users in Malta, Gozo and Comino consisting of:
fishermen, yachtsmen and sailing boat owners, boat divers, occasional marine
researchers, and other occasional sea-users such as sea-cruising organisations. From a
total of 300 questionnaires distributed, 100 were valid for analyses. Out of the 19
questions presented in the questionnaire to the sample, several questions were included to
check for the reliability and validity of the answers given. The distribution of the above
categoroes of individuals is illustrated in Fig. 1. What makes this sample a good
representation of reality is the long experience (>15years) at sea by many of the
individuals that replied, and the balance between the activity types. Although individuals
were free to refrain from giving details of their identity when participating, most
questionnaires returned with participants’ names and addresses.

RESULTS The results obtained with this sample for some of the questions are
highlighted in Figs. 1-5. Among the individuals sampled, the fishermen (both full-timers
and part-timers) were by far the most frequent sea-users with an overall average of 73
days at sea in summer, 47 days in autumn, 34 days in winter, and 48 days in spring.
They also indicated that individuals with the longest period at sea had an average of 23
years experience. These fishermen also proved to be the group within the sample to have
experienced the greatest number of sightings of dolphins, whales, sharks, and sea-
turtles. This would be expected for three main reasons: (1) the time and experience spent
at sea; (2) their relationship with the sea which is closely linked with fish stocks; and (3)
their active capture of these fish may often involve capture of other marine organisms as
by-catches. This definitely confirms that fishermen can greatly contribute to our local
marine knowledge and preservation. Most fishermen showed willingness to contribute
toward cetacean research in more than one way.

DISCUSSION OF QUESTIONNAIRE STUDY RESULTS The replies
of fishermen to this questionnaire increasingly added weight, as one approached
questions relating to local fish stock and local fish catch status, and the requirement of
local marine research, education, and conservation. A clear predominance of low fish
stock and low fish catch replies from these fishermen went hand in hand with a clear
interest and wish for marine research by these same fishermen. These two results are a
strong indication that the local marine life is in depletion, and that even fishermen are
realising and seeking scientific research as an aid to improving the local marine condition.
Many fishermen fear such an impoverishment of the sea that may jeopardise their own
profession and that of their children. When asked to prioritise the three activities which
should be applied most to marine life including cetaceans, conservation, education and
research were all considered important, to the point that almost equal numbers of
fishermen opted for each of these activities as a priority.

Most fishermen again showed an awareness for cetacean protection by replying
positively to questions which dealt with whether cetaceans should be saved from fishing
nets by voluntary groups, and whether cetaceans should be effectively protected. Not all
fishermen sampled here consider the sea as only a natural resource available for
exploitation, but on the contrary, equal numbers considered the sea as a source of
pleasure, as a source of adventure, and as one of the last natural environments left for the
Maltese people.

After reviewing the “fishermen™ category of individuals sampled here, it is interesting to
see how the overall sample consisting of five categories (Fig. 1) replied to some of the
most important questions. As expected, most of these individuals go to sea during the
summer months with some (mostly fishermen) going to sea in the other seasons when
weather permits (Fig. 2). When asked to give indications of their sighting experience
and frequency, dolphins were the ones sighted most often, followed by sea turtles,
sharks, and whales in decreasing order of sighting frequency (Fig. 3). When asked to
specify the mode of sighting, the most frequent reply stated that dolphins were sighted
alive usually in the vicinity of the vessel on which the individual was based (Fig. 4).
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Dolphins were considered a joy to see in 49% of the cases, and as important to the
marine environment in another 36% of the cases, with only 12% (mostly fishermen)
considering dolphins a trouble, and 3% as of no interest (Fig. 5). When considering the
entire sample, there is again an almost equal division between considering conservation,
education, and research as most important for marine life including cetaceans. Most of
the replies revealed that the sea is sought because it is a source of pleasure, but also
because it is one of the last natural environments for the Maltese people. Less frequent
replies included consideration of the sea as a source of economic importance and as a
source of adventure. The unexpected low consideration of the sea’s economic value is
striking but may be understood when considering that only a portion of the sample (the
fishermen) really could consider the sea as of direct economic importance. This result
conveys the fact that too often the sea is considered for its uneconomical merits which
consequently makes it more vulnerable to exploitation without financial aid given for
marine conservation research, management, and monitoring.

CONCLUSIONS Both the results of field surveys and questionnaire surveys
indicate that various cetacean species occur in the central and southern Mediterranean
region. Ongoing research in this region will add more valuable information on relative
cetacean species abundance, density and distribution in an area of the Mediterranean
which is still lagging in cetacean research. The questionnaire results indicated some
current hazards for these species which include decreased resources such as fish stocks
and undisturbed space due to increased vessel traffic, fish exploitation, and pollution in
this region of the Mediterranean. Cetaceun species need to be monitored and protected
more effectively by integrating biological research, with those socio-economic paramelers
found to influence the cetacean environment. This preliminary study has considered
some of these integrating factors, and highlights the need for more work in this direction.
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Table 1. Results of surveys of cetaceans in Maltese region

Survey Line-transects (km)Platform  Sightings No. of individuals sighted  Sighting frequency
0

1 42 boat 0 -

2 426 boat 6 1:3; 1%, 3,06; 15 16.7

3 46 boat 1 3 33.3

4 145 aircraft 0 - 0

5 74 boat 0 - 0

6 278 aircraft 0 0

7 167 aircraft 0 - 0

8 195 boat | 5 7.7

9 63 boat | 2 23.5

10 28 boat 1 ] * 53.0

11 102 boat 1 6 14.6

12 84 boat | 4 17.9

13 250 aircraft 3 2;8; 20 150.0

14 111 aircraft 0 - 0

15 107 boat 0 0

16 111 boat 1 12 13.3

17 130 boat 1 2 11.4

18 120 boat 1 20 12.3

19 195 aircraft 0 - 0

20 102 boat 1 10 14.6

(*=whale-like unidentified cetacean)

Table 2. Summary Statistics (from Table 1)

Overall cetacean mean group size per sighting = 6 (S.D. = 5.3)

Mean cetacean sighting frequency per duration of sea bout = 15.59 (S.D.=14.17)

Mean cetacean sighting frequency per duration of aerial bout = 25.00 (S.D.=61.24)
Overall average rate of cetacean sightings around the Maltese Islands per distance
surveyed (for the period June to November 1997) = 1 cetacean sighting per 146 kms, or

0.007 cetacean sightings per km.

Average rate of cetacean sightings using a boat = | cetacean sighting per 89 kms
surveyed, or 0.011 cetacean sighting per km surveyed.

Average rate of cetacean sightings using an aircraft = 1 cetacean sighting per 383 kms
surveyed, or 0.003 cetacean sightings per km surveyed.

Species sighted in the preliminary surveys (1997) around the Maltese Islands, in order of
sighting frequency:

L. Tursiops truncatus (Bottlenose dolphin) 9 encounters school size range: 2-12

2. Dephinus delphis (Common dolphin) 3 encounters :2-20
3. Stenella coeruleoalba (Striped dolphin) 3 encounters :2-15
4. Grampus griseus (Risso’s dolphin) 1 encounter 12
5. Steno bedanensis (Rough toothed dolphin)! encounter 1
6. Unidentified whales 2 encounters i1
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Table 3. Cetaceans Sighted & Cetacean Associations with Fisheries
of Economic Importance

Note: Since this field study period encompassed two important local fishing seasons that
are the tuna (Thunnus thynnus) fishing season (June-July) and the dolphin fish
(Coryphaena hippurus) season (August-November), the possible associations between
cetaceans observed and presence of fish of economic importance were recorded:

Number of Sightings in period June-July =7
Out of these, 5 sightings (most commonly sighted species: Tursiops truncatus and
Stenella coeruleoalba) were found in association with tuna presence.

Number of Sightings in period August-November = 12

Out of these, 7 sightings (most commonly sighted species Delphinus delphis, Tursiops
truncatus and Stenella coeruleoalba) were found to be associated with dolphin-fish
presence.

Table 4. Distance sea line transect estimates of the parameters used to
obtain an estimate of the number of Tursiops truncatus
(bottlenose dolphins) in the area surveyed by boat around the

Maltese Islands
Parameter Point Standard %CV 95%

Estimate Error Confid. Interval
f(0) 0.0036 0.0004 12.5 0.0028 - 0.0047
Effective search width
(m) {1/ (0)} 277.9 34.8 12.5 213.8 - 361.1
Encounter rat
(schools/km) {n/L} 0.0114 0.0024 12.3 0.0072 - 0.0181
Density of schools
(schools/km?2) 0.0411 0.0102 24.7 0.0247 - 0.0684
Mean school size 6.1 1.4 23.9 3.6 -10.2
Density of dolphins
(dolphins/km?2) 0.2500 0.0860 34.4 0.1264 - 0.4943
Number of dolphins 695 239 34 352 - 1375
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Table 5. Distance aerial line transect estimates of the parameters used to obtain
an estimate of the number of Tursiops truncatus (bottlenose dolphins)
in the area surveyed by plane around the Maltese Islands.

Parameter Point Standard % CV 95 %

Estimate Error Confid. Interval
f(0) 0.0036 0.0004 12.5 0.0028 - 0.0047
Effective search width
(m) {1/ £ (0)} 277.9 34.8 12.5 213.8 - 361.1
Encounter rate
(schools/km) {n/L} 0.0060 0.0017 27.7 0.0028 - 0.0128
Density of schools
(schools/km?2) 0.0216 0.0066 30.4 0.0104 - 0.0447
Mean school size 8.3 2.3 27.9 4.2- 16.2
Density of dolphins
(dolphins/km2) 0.1789 0.0739 41.3 0.0753 - 0.4249
Number of dolphins 811 335 41.3 341 - 1926

Table 6. Combined distance line transect estimates of the parameters used to
obtain an overall estimate of the number of Tursiops truncatus (bottlenose
dolphins) in the area surveyed around the Maltese Islands

Parameter Estimate % CV 95%

Confid. Interval
Group density
(schools/km) 0.0290 21.3 0.0188-0.0449
Dolphin Density
(dolphins/km?2) 0.2059 28.7 0.1158-0.3662
Number of
dolphins 1506 28.7 847-2678
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Maltese Sea-Users - Cetacean Questionnaire Study Results

Fig. 1: Types of activities at sea
undertaken by Individuals in the
sample (Maltese Islands)
(1=fishing; 2=sea-trips; 3=diving;
4=research; 5=others)

Mean number of days spent at gea
In this Maltese sample

1 2 3 4
Fig. 2: Mean no. of days spent at sea
per season

(1=summer, 2=autunm; 3=winter;

% no. of Individuals In Maitese sample who

sighted specified marine organiems

10 4~

1

Fig. 3: Dolphin, whale, shark & sea-
turtle sightings

51%

Flg. 4: Dolphin sighting reports by
Meltese sample
1=in fishing nets; 2=close to fishing nets;
3=a distance away from the boal;
4=close to the boal

Fig. 5: Attitudes toward dolphins (Maltese sea-user gample)
1=dolphins are troublesome; 2=dolphins are a joy to see; 3=dolphins are
important; 4=no interest in dolphins




STRUCTURE AND BEHAVIOUR OF A BLAINVILLE'S BEAKED
WHALE (MESOPLODON DENSIROSTRIS) GROUP
IN TENERIFE (CANARY ISLANDS)

M. Carrillo and L. F. Lopez-Jurado

Canarian Marine Mammal Centre, Department of Biology,
University of Las Palmas de Gran Canaria, 35017 Las Palmas, Canary Islands, Spain

Between January 1995 and December 1996 we registered 38 sightings of the Blainville's
beaked whale (Mesoplodon densirostris) in the south-western waters of Tenerife (Canary

Islands). The study area is placed between "Caleta de Adeje" (28°06'N and 16°45'W)

and "Punta de Teno" (28°20'N and 16°55'W), an area of about 180 square kilometres.
These observations were a casual byproduct of an intensive monitoring programme of the
residents bottlenose dolphins (Tursiops truncatus) and pilot whales (Globicephala
macrorhynchus). We were studying the peculiar pigmentation patterns, behaviour and
group structure of these species. The whales have a general yellowish ochre pigmentation
partially correlated with sex and size. We also defined the breathing patterns and the
celaceans’ reaction to the approaching whale-watching boats. Finally we defined the
group structure based upon the existence of four different types combining number of
whales, body size and sex.

MARINE MAMMALS OBSERVED AT THE ISLE OF MAYOTTE

P. Darmangeat!:2, R. Seitre2, J. Seitre2,J-M. Maggiorani ! and M. Vély!

1Observatoire des Mammiferes Marins, 22 rue Mahabou, 97600 Mamoudzou, Mayotte France
2Rue du Commerce, 37370 Marray, France

Situated in northern Mozambique Channel, Mayotte is the oldest comorian Archipelago’s
island, surrounded by one of the largest lagoons in the world, about 1.500 km2. Streams
and depth (2.000 m at 10 nautics apart the reef) give an extraordinary faunistic
exuberance. We think that about 38% of world marine Cetaceans may be observed in the
surrounding seas of Mayotte. Since December 1994, 15 species have been observed, a
doubt remaining about two or three species. Our investigation methods are direct
observation from boat, and recently, photo-identification. Stranding is unknown, except
once for sperm whale. Tursiops truncatus (resident in lagoon, and pelagic groups
outside). Stenella longirostris (the most common : 4 or 5 groups about 200 to 300).
Stenella attenuata (almost common as the precedent). Lagenodelphis hosei (first : January
1995 - P. Darmangeat). Peponocephala electra (??) (first : October 1996 - P.
Darmangeat, R. Secitre). Feresa attenuata.(??) (first : April 1997 - M. VEly, P.
Darmangeat). N. b. : These two species are perhaps confounded, but surely, both have
been observed. Sousa chinensis (first : December 1994 - P. Darmangeat). Orcinus orca
(first : march 1995 - M. Genoulhac). Grampus griseus. Pseudorca crassidens. Kogia sp.
(simus ?) (September 1995 - R. Setter). Physeter catodon (first : a 10 meters specimen
stranded on November 1995 - J.-M. Maggiorani). Megaptera novaeangliae (a few regular
population, from July to November ; about 6 to 8 females breeding inside the lagoon).
Balaenoptera acutorostrata (first : November 1996 - filmed by J.-M. Maggiorani, and
identified by Michel VEly and Vic Cockeroft, April 1997). Mesoplodon sp. (first :
September 1995 - R. Seitre - P. Darmangeat). These species may be M. mirus, M.
ginkgodens, or M. pacificus. Dugong dugon. (first living animals : December 1996 - P.
Darmangeat) Uncommon and probably in extinction.
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CETACEAN MOVEMENTS THROUGH THE STRAIT OF GIBRALTAR

D. Hashmi

Max-Planck-Institut fiir Verhaltensphysiologie, Vogelwarte Radolfzell, Schloss,
D-78315 Radolfzell-Moeggingen, Germany

Although it has been documented that the Strait of Gibraltar is an area with a relatively
high density of at least four species - common dolphin (Delphinus delphis), striped
dolphin (Stenella coeruleoalba), bottlenose dolphin (Tursiops truncatus), and long-finned
pilot whale (Globicephala melas), it is unknown whether this reflects favourable
oceanographic conditions and/or movements between the Atlantic and the Mediterranean
Sea. Movements through the Strait may relate to stochastic irregular exchange or regular
migration. Both might give opportunity for a monitoring of Mediterranean cetacean
stocks if large populations are involved, but regular migration would offer more
appropriate conditions.

Cetaceans have been recorded in a standardised manner during a series of five transects
(four in autumn, one in spring) carried out between 1986 and 1993. A total of 46,367
individuals (comprising all species) has been counted overall during 563 runs (625 hr of
observation, 16,500 km trackline) across the Strait.

Studying cetacean movements through the Strait poses four main methodical problems:

(1) the high density often does not allow to distinguish between different schools;

(2) The two most abundant species are difficult to seperate in the field;

(3) Resident and migratory/nomadic populations might coexist;

(4) To estimate the scale of the movements, cetaceans must be recorded not only under
favourable conditions but also in all sea-states.

By tackling these problems, it was possible to get a rough idea of the numbers migrating
through the Strait, and their seasonal distributions within the periods covered by the
transect series. There is some evidence of an autumn migration out of the Mediterranean
for common dolphin, bottlenose dolphin, and long-finned pilot-whale. Comparing
different transect series, there appears to be considerable variation in the timing and/or the
magnitude of the movements. The movements of striped dolphin (the most oceanic
species) are probably more stochastic than migratory. The seasonal course of migration
may depend on habitat specialisations. In the Mediterranean Sea, there are marked
differences in the seasonal patterns of primary productivity between neritic and oceanic
waters.

75



THE STATUS OF THE GREY SEAL IN IRELAND:
CULLS, CELTS AND CONSERVATION

O. Kiely'!, A.R. HibyZ and A.A. Myers!

IDepartment of Zoology & Animal Ecology, University College Cork, Ireland
2 Conservation Research Ltd., Cambridge CB2 5AL, UK

It has been widely suggested that Ireland’s grey seal population has increased since it
was last surveyed in 1980-1983. To test this hypothesis, we set out to investigate the
year-round status of the grey seal population at the main breeding colonies of the Blasket
Islands and Inishkea group in 1995 and 1996. Pup census data were used to estimate the
total population sizes associated with these colonies. Ground counts were conducted
through the subsequent moult and summer seasons for comparison with population
estimates. Photo-identification was used to investigate site utilisation by individual
females and to assess the feasibility of conducting population estimates. Photo-
identification was used to investigate site utilisation by individual females, and to assess
the feasibility of conducting population assessments in Ireland using this method.

Minimum population estimates of 546 and 530 were derived for the Blasket Islands and
Inishkea group from pup census data. While total pup production figures suggested little
change since 1983, changes in pupping site selection were observed at the Inishkea
group. This may have resulted from sporadic change culls and other human disturbance
between 1978-1983. Research during the moult also produced some interesting
findings. Females began moulting during the closing stages of the breeding season.
Maximum counts of 103 and 225 were present at the Blasket Islands and Inishkea Group
respectively during this period, with up to 92% of females on the Blasket Islands, and
60% on the Inishkea group gathered at a single moult site.

Preferential selection of moult sites was also observed during the male moult and
favoured sites were different to those chosen by females. Furthermore, there were
commonly 1,000-1,500 male grey seal at the Inishkea group during the 1995 and 1996
moult periods. It is thought that this is an annual immigration event in this area. After
the moult both colonies saw a rapid decline to relatively stable summer populations.

Photo-identification demonstrated a degree of female fidelity to pupping sites at both
breeding colonies. At the Inishkea group, identified females were also observed at the
same moult sites in 1995 and 1996. These studies, while relatively focused, highlight
the importance of monitoring certain sites outside the breeding season for the evaluation
of population dynamics, whether for management or conservation purposes.
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CETACEANS SIGHTED IN THE CANARY ISLANDS DURING THE
CAREMEX EXPEDITION (JANUARY-APRIL 1997)

V. Martln!, V. Iani2 and F. Schweikert3

ISECAC, Apdo. de Correos 10198 38080 S/C Tenerife, Spain
2Via Pompeo Trogo 21, 00100 Roma, Italy
3Aldebaran Marine Res.& BC,Rothenbaumchaussee 80c, D-20148 Hamburg, Germany

The Canary Islands are situated about 100 km off the north-west coast of Africa and
constitute an interesting area to study pelagic populations of cetaceans, but the knowledge
about the distribution of these species in the area is fragmentary due to the absence of
observers. A census of cetaceans took place in this waters from January to April 1997 in
the course of the expedition "CAREMEX", carried on by Aldebaran (Marine Research
and Broadcast), in association with the Society for the Study of the cetaceans in the
Canary Archipelago. The main objective of this study was to determine the occurrence
and distribution of the cetaceans in this area. A total of 38 days of effort were completed,
comprising a total of 627.3 nautical miles in good sighting conditions.

Most effort was restricted to the waters off the south-west coasts of Tenerife and La
Gomera islands, well known areas where commercial whale watching take place. We
obtained 85 sightings, and seven species of cetaceans were positively identified. The
species sighted, in decreasing order, were the following: short-finned pilot whale (G.
macrorhynchus) (n=26, 22.1%), bottlenose dolphin (7. truncatus) (n=18, 15.3%),
Atlantic spotted dolphin (S. frontalis) (n=12, 10.2%), common dolphin (D. delphis)
(n=6,5.1%), Risso’s dolphin (G. griseus) (n=5, 4.2%), Rough-toothed dolphin (S.
bredanensis) (n=3, 2.5%), Blainville’s beaked whale (M. densirostris) (n=2, 1.7%), and
unidentified beaked whales (n=11, 9.3%). Bottlenose dolphins and Risso's dolphin were
found in closed association with the coast.

OBSERVATIONS ON CETACEANS IN NORTH-EASTERN
SULAWESI, INDONESIA

P. Rudolph

Nordstr. 2, 63477 Maintal, Germany

Between 6th July and 31st August 1995, a field study was conducted in the waters
adjacent to the city of Manado, north-eastern Sulawesi, Indonesia. The goal was to study
the abundance and distribution of cetaceans in these waters. Manado is situated on the

north-eastern tip of Sulawesi at 1°29’N [24°50’E and faces the Sulawesi Sea (= Celebes
Sea). Vessel surveys were conducted on ten days between 8th and 30th July 1995 in the
waters of Manado Bay, the southern part of Bunaken Menado Tua Marine National Park
and Lembeh Strait, Bitung. A total of 45 hr 17 min. was spent at sea, covering some 230
nm (430 km) of survey track, with an average of 4 hrs 31 min. per survey day. Nine
cetacean species were recorded in 25 sightings on ten days of vessel surveys. The
sighting of 7(*) species is confirmed by photographs and identification by cetacean
specialists. Cetaceans observed included: rough-toothed dolphin, Steno bredanensis (1*
sighting); bottlenose dolphin, Tursiops sp. (1); pantropical spotted dolphin, Stenella
attenuata (1); spinner dolphin, Stenella longirostris (4*); Fraseris dolphin, Lagenodelphis
hosei (1*); melon-headed whale, Peponocephala electra (1*); killer whale, Orcinus orca
(1*); short-finned pilot whale, Globicephala macrorhynchus (2%); sperm whale, Physeter
macrocephalus (9%); dwarf sperm whale, Kogia simus (3*); and Kogia sp. (1).
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NEW CETACEAN OBSERVATIONS FOR THE AZORES

E.M. Simas, B.Herbert, W. Thompson and J.H. Azevedo

Baleia a Vista!, Peter - Cafe Sport, PT 9900 Horta, Faial, Azores, Portugal

During whale hunting times, cetacean observations in the Azores concerned exclusively
the sperm whale species, and records were mostly found during the summer months.
More recently, with the implementation of whale watching activities in the Azores.
cetacean observations were initiated for a larger number of species, covering a longer
period of time through the year.

In the last few years, a total of 25 species of whales and dolphins have been reported for
the Azores. In this work, observations were made from land and from sea (around the
Faial and Pico islands). Land-based and sea-based observations were made using a
15x80 binoculars and aboard a R.1.B, respectively.

A new species of balaenopterid was reported for the Azores, and another one confirmed.
A Bryde’s whale, (Balaenoptera edeni),was observed, for the first time, on the 9th July
1996 about 8.5 miles north of Faial. The animal was encountered feeding together with a

group of 10-15 common dolphins. The water temperature was 24.5°C.

A blue whale, (Balaenoptera musculus), was photographed for the first time in the
Azores, on the 4th Feb 1997, in the company of a smaller individual of the same species.
They were probably feeding, and their swim speed was 6.5-7.0 knots. The water
temperature was 16°C. Until now, five individuals of this species have been identified in
the Azores. These observations were made only for a period of about two years.

The results obtained are not sufficient to draw conclusions regarding the periodicity of
these occurrences. However, it was possible to register a new species to the region
(Balaenoptera edeni ), and to confirm the occurrence of another one (Balaenoptera
musculus). Future studies, with more continuous observations, will provide further
insight into the regularity of these sightings
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MARINE MAMMALS OF THE AZORES

L. Steiner!, J. Gordon? and C.J. Beer!

IWhale Waich Azores, 18A Harold Road, Deal, Kent, CT14 6QH, UK
2 WILDCRU, University of Oxford, Dept of Zoology, South Parks Road, Oxford, OX1 3PS, UK

This paper presents information on live sightings of cetaceans observed in the Azores
over the last 10 years. “Song of the Whale”, the International Fund for Animal Welfare’s
research yacht, has been studying the cetaceans in Azorean waters since 1987, typically
operating between May and September, and making extended cruises of up to 8 days
principally to find sperm whales.

In 1993, Whale Watch Azores began operations and has continued this research. The
whale watching vessel however, would normally remain at sea for only one day at a
time. Over this time, the two teams have logged almost 1,350 encounters with cetaceans
other than sperm whales. Sightings of sperm whales which were typically the focus of
these research cruises, are not noted here.

The most frequently sighted species (number of encounters in brackets) have been:
spotted dolphin (417), common dolphin (297), bottlenose dolphin (231), Risso’s
dolphin (106), short-finned pilot whales (118) and striped dolphin (105). Less frequently
observed species include: blue (2), fin (5), sei (7), and minke whales (1), humpback (1
whale over 2 weeks), killer whales (7), false killer whales (2), pygmy sperm whales (1)
and rough-toothed dolphins (2). Beaked whales have also been seen on 35 occasions,
including: True’s, Sowerby’s and Cuvier’s. Bottlenose whales have also been
infrequently observed (12).

Spotted dolphins seem to be summer visitors and have only been seen from July to the
end of September. Most of the baleen whale sightings have been restricted to May and
June. The exceptions are a single humpback observed feeding on small mackerel in
August 1996, and a sei whale observed in August 1995. Bottlenose whales have only
been sighted in July and August. Beaked whales have been most frequently seen in July
and August also, but have been observed in all months (May-Sept.). Only the spotted
dolphin and bottlenose whales show significant seasonal variation. Improved sighting
effort through the winter, October-May, would provide better insights into the seasonal
changes in abundance in this area.
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CETACEANS IN NORTHEAST ATLANTIC WATERS:
USING DIVERSE SIGHTINGS SOURCES TO MONITOR
DISTRIBUTION AND RELATIVE ABUNDANCE

J.R. Boran!, P.G.H. Evans!, J.B. Reid? and S. Northridge?

I Sea Watch Foundation, 11 Jersey Road, Oxford OX4 4RT, UK
2 Joint Nature Conservation Committee, Dunnet House, 7 Thistle Place, Aberdeen AB10 1UZ, UK
3 Sea Mammal Research Unit, Gatty Marine Laboratory, St Andrews, Fife KY16 8LB, UK

INTRODUCTION Knowledge of cetaceans in northwest European waters
(47°N - 62°N latitude, 8°E - 12°W longitude) is incomplete. Although there have been a
variety of cetacean studies, there has been little co-ordination of research efforts within
and between countries. This poster reports on work within the UK to merge a diverse
array of cetacean distribution data sources. Merging of these data sources has provided
an opportunity for a better understanding of cetacean distribution (geographical and
seasonal) and relative abundance in the region.

There are two main sources of data. The Sea Watch Foundation (SWF), a conservation
charity formed out of the Cetacean Group of the UK Mammal Society, has been
collecting cetacean sightings since the early 1970’s. Many sightings are reported by
dedicated amateurs from land- and vessel-based observations, but SWF also runs its own
surveys aboard dedicated vessels in various regions of UK, particularly in the Irish Sea
and the Hebrides. The Joint Nature Conservation Committee (JNCC) operates the
Seabirds and Cetaceans Team (originally the Seabirds At Sea team: SAST), which
collects cetacean sightings from platforms of opportunity such as fisheries research and
protection vessels, and most recently seismic vessels, as well as from its own surveys.

The main emphasis is on collecting effort-related data which allows estimates of relative
abundance to be compared over variables of time and location. There are no attempts to
calculate absolute abundances.

METHODS Combining diverse databases requires the use of a standardisation
procedure and the application of corrections for factors affecting detectability, such as sea
state and platform type. Distribution patterns were compared with a suite of
environmental parameters (e.g. depth, temperature, salinity, distance from land) to
identify species specific habitat preferences.

The normalisation of sightings data as a function of effort allows relative abundances to
be calculated. However, there are differences in the way the various data sources present
effort data. The map of Sea Watch effort (Fig. 1) shows overall area of effort-related
coverage. The intensity of coverage varies with a greater degree of effort occurring in the
Western Isles of Scotland and in the eastern Irish Sea, primarily due to Sea Watch’s
annual program of transect surveys in those regions. The JNCC effort data (Fig. 2) is
primarily from vessel surveys and is represented in kilometres of survey tracklines.
These are summed over a grid of 15 min. latitude and 30 min. longitude. This is similar
to the way in which vessel-based effort is recorded for SWF. However, SWF also
collects data from land-based sites. This effort is recorded as a function of the time spent
watching (e.g. per hour or per 100 minutes). Approximately 40% of all Sea Watch
sightings are land-based. The merging of this effort with that of INCC will result in a
more thorough coverage of the entire region.

RESULTS AND DISCUSSION Sea Watch received 40,466 sightings.
Effort-related sightings comprised 62% of all sightings. The complete analyses of effort-
related data are still underway, so some plots show sightings combining both effort-
related and opportunistic sightings, to give a broad overview of each species’
distribution.

81



Twenty-one species of cetaceans were recorded, with ten classified as common residents,
three as seasonal visitors, and eight as rare visitors (Table 1).

The minke whale (Balaenoptera acutorostrata),was primarily found in protected waters of
the Western Isles off west Scotland (Fig. 3), but were also reported though lerss
frequently in the northern North Sea. Fig. 4 plots 1,611 sightings. Most sightings were
received between May and October. In some areas of the Western Isles, minke whales
can be regularly found on a daily basis, suggesting some degree of site fidelity.

Common dolphins (Delphinus delphis), were primarily found in offshore waters off
south-west England in the approaches to the English Channel, off West Wales in the
southern Irish Sea, and off west Scotland north to the Isle of Skye. Fig. 5 plots 1,597
sightings from all months; however, this species was most common during June to
September. Their distribution was almost a mirror image of that of the white-beaked
dolphin (below), with an area of overlap in the Minches off west Scotland

Atlantic white-sided dolphins (Lagenorhynchus acutus),are primarily an offshore species
which only rarely comes into protected waters, especially when compared to the more
nearshore habits of its close relative, the white-beaked dolphin. Only 210 sightings were
received, mostly between July and September (Fig. 6). It was mostly seen north of 54°
latitude. This is in contrast to the striped dolphin, which is also an offshore species, but
only occurs off south-west Britain.

White-beaked dolphins (Lagenorhynchus albirostris), are primarily found in northern
waters, especially in the North Sea and in the Minches west of Scotland. SWF received
1,403 sightings, primarily from vessels (Fig. 7). The effort-related plot of white-beaked
dolphin sightings by JNCC (Fig. 2) shows a similar distribution. Sightings were
received during all months, but mainly in May - October with a peak in August.

Harbour porpoise (Phocoena phocoena), is the most common species in the NE Atlantic.
There were 20,787 sightings reported to SWF, representing 51% of all sightings
received (Fig. 8). They were most abundant in the Western Isles and Shetland Islands,
with rather few sightings off southern Britain. Sightings were received in all months of
the year, but with marked peaks in late summer and autumn. The more detailed
information will be used to identify critical habitat areas for harbour porpoise in UK
waters.

CONCLUSIONS  The merging of these data sets is still underway. The inclusion of
data from line transect surveys of Small Cetacean Abundance in the North Sea (SCANS)
will further expand the intensity of coverage. The diversity of data collection methods in
these data sets will require careful consideration to reduce potential biases. Further
analyses will also focus on the habitat preferences (or requirements) of the various
species to understand the region’s biodiversity.

The goal is to produce an “Atlas of Cetacean Distribution” which will help to identify
important cetacean habitats. This will provide a major contribution to the process of
designating special areas for conservation in the marine environment of the UK and
hopefully other parts of the north-east Atlantic.
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Table 1 Cetacean species list (in order of sighting frequency)
RESIDENT
Harbour porpoise Phocoena phocoena
Minke whale Balaenoptera acutorostrata
Common dolphin Delphinus delphis

White-beaked dolphin

Lagenorhynchus albirostris

Atlantic white-sided dolphin

Lagenorhynchus acutus

Bottlenose dolphin

Tursiops truncatus

Risso’s dolphin

Grampus griseus

Killer whale

Orcinus orca

Long-finned pilot whale

Globicephala melas

Fin whale Balaenoptera physalus
SEASONAL

Sperm whale Physeter macrocephalus
Humpback whale Megaptera novaeangliae
Northern bottlenose whale Hyperoodon ampullatus
RARE

Striped dolphin Stenella coeruleoalba
Cuvier’s beaked whale Ziphius cavirostris
Beluga Delphinapterus leucas

False killer whale

Pseudorca crassidens

Sowerby’s beaked whale

Mesoplodon bidens

Sei whale

Balaenoptera edeni

Blue whale

Balaenoptera musculus

Northern right whale

Eubalaena glacialis
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FIRST REPORT OF A SHARKSUCKER (ECHENEIS NAUCRATES) ON
A BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS), AND A
RE-EVALUATION OF REMORA-CETACEAN ASSOCIATIONS

D. Fertl!, and A.M. Landry, Jr.2

I'Marine Mammal Research Program, Texas A&M University, 4700 Avenue U,
Galveston, TX 77551, USA
(current address: Minerals Management Service, U.S. Dept. of the Interior,
1201 Elmwood Park Blvd., New Orleans, LA 70123, USA)
2Dept. of Marine Biology, Texas A&M University, 5001 Avenue U, Galveston, TX 77551, USA

The Family Echeneidae (= Echeneididae) (remoras) contains eight species, with all but
one of these being worldwide in their distribution (Lachner, in Whitehead, 1986).
Echeneid fishes attach to elasmobranchs, bony fishes, sea turtles, cetaceans, sirenians,
ships, and other floating objects by means of a laminated adhesive disc on the dorsal
surface of their head. Suspected benefits of echeneid fishes’ association with these hosts
include transportation, protection from predators, increased courtship/reproduction
potential, enhanced gill ventilation, and expanded feeding opportunities (Strasburg,
1957, 1959, 1964; Cressy and Lachner, 1970; Alling, 1985).

A 259-cm male bottlenose dolphin (Tursiops truncatus) with three attached echeneids

live-stranded in Galveston, Texas (29°16.4', 94°49.1") on 29th October 1995. Efforts
to rescue the dolphin for subsequent rehabilitation dislodged all but one echeneid. This
119mm (standard length) specimen was collected and identified (Lachner in Whitehead,
1986) as a sharksucker (Echeneis naucrates) on the basis of the following characteristics:
elongate body, its depth 7.8% of standard length; 23 disc lamellae; disc length 26.1% of
standard length; 31 dorsal and 32 anal rays; caudal fin lanceolate with middle rays
produced; white border on dorsal, anal and caudal fins; pectoral fin pointed; dark
longitudinal band on anterior trunk; and lower jaw with fleshy flap.

Unlike the aforementioned dolphin stranding, whereby the sharksucker was retained and
physically examined, most echeneid-cetacean associations described in the literature are
based on visual or photographic observations of a remote, free-swimming host and its
passenger(s) (Table 1). Several echeneids, such as Remora brachyptera, Remora
osteochir, Remorina albescens, and Remora australis, are rather host-specific (Cressey
and Lachner, 1970). These species are typically offshore, pelagic forms with a
specialized morphology consisting of large discs, short stout bodies, and reduced fin size
(when compared to inshore counterparts). More commonly reported echeneids are
s}l]ender-bodied, inshore forms such as Echeneis naucrates which are least particular about
their hosts. :

Remora (= Remilegia) australis is an echeneid frequently collected from cetaceans, hence
its common name “whalesucker” (e.g., Follet and Dempster, 1960; Rice and Caldwell,
1961). The whalesucker’s preference for cetaceans may lead observers to assume that
any remora spotted on a cetacean is this species. It is probable that other echeneids also
associate with cetaceans. However, the difficulty in using remote observations/
photographs for species identification (most can only be identified as a specimen in hand)
may limit documentation of other echeneid-cetacean associations."Remote" identifications
mandate caution when classifying remoras found on cetaceans as the whalesucker.

The possibility that small, slender remoras as well as more stocky echeneids
photographed on cetaceans may represent different life history stages of one species
further complicates positive identification. The sharksucker-dolphin association described
herein, as well as a photo-documented field observation of a mature sharksucker on a
spinner dolphin(Stenella longirostris) in Brazil (L. Lodi, Projeto Golfinhos, pers.
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comm.), suggests that at least two echeneid species utilise cetaceans as a host. The
sharksucker has been reported (Cressey and Lachner, 1970) to ‘loosely’ associate with a
wide variety of hosts (cetaceans not included). This account represents a new host
record for the sharksucker.
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TABLE 1. CETACEAN/ECHENEID ASSOCIATIONS

Cetacean/Location
Eubalaena sp

9

Bryde's whale (Balacnoptera edeni)

California Sri Lanka
Gulf of California New Zealand

Blue whale (Balacnoptera musculus)

Vancouver Island California

Gulf of California Galapagos

Eastern Tropical Pacific (near Costa Rica dome)
Peru northern/central Chile

Sr Lanka Lembata Island, Indonesia

Bryde's whale (Balacnoptera edeni)

California Gulf of California
Sri Lanka New Zealand

Humpback whale (Aegaptera novacangliae)
Central California Hawaii

Long Island, NY Tonga

New Caledonia Australia

Killer whale (Orcinus orca)

South Africa
Indonesia

Central North Pacific

Short-finned Pilot whale (Globicephala macrorhyncus)
Catalina Channel, Calif.
Pacific White-sided dolphin (Lagenorkynchus abliquidens)

California

Common dolphin (Delphinus delphis)

Costa Rica
Galapagos
Sénégal (w.Africa)
south/east Africa
South Africa

Bottlenose dolphin (Tursiops fruncatus)

Texas Gulf of Mexico
Eastern Tropical Pacific Hawaii
Socorro, Mexico

Campeche Sound, Mexico
Coiba Island, Panama
Dominican Republic

Costa Rica
Puerto Rico
Izu Islands, southern Japan

Atlantic spotted dolphin (Stenella frontalis)
North Carolina Gulf of Mexico
Bahamas Belize

Mid-tropical Atlantic

Unidentified dolphin

Jamaica*
Southwest of Cape Verdes Islands

Cetacean/Logation

Northern right whale (Eubalacna glucialis)
Maine Long Island, New York
Sci whale (Balacnoptera borealis)

central California

Fin whale (Balaenoptera physalus)
central California

Gulf of California
Long Istand, NY

Minke whale (Balacnoptera acutorostrata)

Unknown

Sperm whale (Physeter macrocephalus)

North Pacific Gulf of Mexico
Galapagos Peru
Sri Lanka Durban, South Africa

Pilot whale sp.

Galapagos

Rough-toothed dolphin (Steno bredancnsis)
Hawaii

Long-beaked common dolphin (Delphinus
capensis)

Gulf of California
Pantropical spotted dolphin (Stenella attenuata)

Eastern Tropical Pacific
Hawaii

Gulf of Mexico

Coiba Island, Panama

Gulf Coast, Keys, and Atlantic Coast of Florida
Gulf of California

Belize

Galapagos

south/eastAfrica

Spinner dolphin (Stenella longirostris)

Venezuela Hawaii
Gulf of Mexico Brazil
Indonesia

Unidentified whale

Peru



THE ACCURACY OF SATELLITE POSITIONING IN MARINE
MAMMALS: AN EXPERIMENT WITH CAPTIVE
GREY SEALS
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2Sea Mammal Research Unit, University of St Andrews, St Andrews, Fife, KY 16 8LB, UK

INTRODUCTION The Argos positioning and data collecting system is widely
used in marine mammals studies for the investigation of long distance movements and
activities at sea (e.g. McConnell e al., 1992; Martin et al., 1993). Because marine
mammals spend most of their time underwater, the number of signals received and,
therefore, the quality of the positioning are lower than in terrestrial or aerial applications.
Consequently, the accuracy of location fixes is of greater concern in marine studies. Few
experimental measurements, however, have so far been undertaken to assess this
accuracy (Stewart et al., 1989).

The aim of this study was to assess the difference between estimated and real positions of
seals fitted with satellite tags and temporarily held in captivity. Additionally, possible
relationships between signal quality and the activity of the seals were also investigated.

MATERIALS AND METHODS Four grey seals (Halichoerus grypus) from
OcEanopolis rescue centre, Brest, France, were fitted with Satellite Relay Data Loggers
(SRDL) developed by the Sea Mammal Research Unit, Saint-Andrews, U.K, and kept in
an outdoor tank for two to four weeks prior to their releasing at sea. Satellite fixes
obtained during the experiment were compared with the real location of the tank,
determined by using a differential GPS (4 metres accuracy). The difference was
calculated in kilometres from latitudinal and longitudinal data (in WGS 84).

For each location calculated by Argos, a Location Class (LC) is assigned from a variety
of technical criteria: number of signals received during the satellite pass, stability of the
oscillator of the tags, distance from previous locationsO Standard LCs range from 1 to 3,
the latter being the more accurate. Accuracies of 350, 500 and 1000 metres are
respectively expected for locations of classes 3, 2 and 1 (Service Argos, 1996). In animal
applications, because few locations can reach this high accuracy, LC 0, A and B are also
used (LC: B for the more doubtful locations) but no expected error range is given.

As the tags were emitting, the activity of the seals was recorded during most satellite
passes over the site. Four categories of activities were defined: Swimming (S), Resting
(R), interaction with Human (H) and low Activity (A, defined as slowly moving —
between swimming and resting). The tags, glued on the neck of the seals (Fedak et al.,
1983), were also carefully observed: their position relative to the water surface is
important since a dry-wet sensor stops the emission when wet. Therefore, the position of
the tag was also recorded at any time during satellite passes as follows: O while tag was
fully submerged, 1 for intermediate position and 2 when fully emerged. At the end of the
satellite passes, relative durations of each of the three positions of the tag were calculated.

RESULTS During the experiment, 778 satellite passes received at least one signal
from the tags, and 507 of these allowed the calculation of a location (which requires two
signals or more). The LC assigned to these locations were distributed as indicated in
Table 1.

The 68 percentile error (one ) for each LC measures the global dispersion of the
positionings in this class (Table 2). Locations with LC 2 and 3 are the best and nearly
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have the same accuracy, ranging within less than one kilometre. LC | and A reaches 1.7
and 2.5 km, but LC 0 and B were by far the worst with errors of more than 10
kilometres. Fig. 1 shows the distribution of estimated locations of LC 1 compared to the
real location of the tank.

The main activity of each seal was recorded during the satellite passes and, in 53
occasions, could be compared to the location class obtained from signals received at the
same time by the satellite (Table 3). Because of the low number of location/observation
pairs, no statistics were conducted on the results. Nethertheless, it seems that LC
composition did not vary with activity.

The relative duration of the three possible positions of the emitting tags at the water
surface were also compared to Location Classes subsequently calculated (Figure 2). No
significant trend can be detected from the comparison of good or poor quality locations
with the position of the tag.

DISCUSSION Errors in location estimates of LC 1 to 3 slightly exceeded
expected values given by Service Argos, but remained comparable to most other
estimates, even in terrestrial studies (see Keating ef al., 1991). Errors for LC 0, A and B
were rarely if at all documented before in experiments carried out in real condition, and
show some variability.

As expected, LC B gives the worst accuracy ; LC 0 also shows large errors in location
estimation. By contrast, LC A seems to give quite accurate locations: this is due to the
calculation method of LC. LC 0 to 3 are given to locations estimated from at least 4
uplinks per satellite pass, and LC A and B are automatically assigned when this number
is lower. Nonetheless, a series of other tests are conducted on the uplinks, such as
frequence stability: locations of LC 0 have failed in at least 2 of 4 of these tests. LC A is
mostly assigned due to the lack of numerous uplinks but, in case of good quality tags,
LC A can reach as high accuracies as for LC 1 (Service Argos, pers. comni.).

As shown on Fig. 1, geographical distribution of locations is more elliptical in shape than
circular: the error in location is greater in longitude than in latitude. This difference is due
to the more or less well-known position of the satellites which receive the signals from
the transmitters. The satellites having a near-polar orbite, their position is well-known
along their track (i.e in latitude), whereas their longitudinal position is less predictable
and measurable (Service Argos, pers. comm.). Consequently, longitudinal location
estimates are less accurate than latitudinal ones.

Concerning the influence of seal’s activity on the quality of locations, no clear
relationship has been observed. Similarly, we failed to detect any relationship between
LC and the position of the tag relative to the water surface during the satellite passes. The
occurrence patterns of the three positions defined were similar for all LC values, even
though one could expect that the longer the tag is emerged, the more signals are received
by the satellite and therefore the best the LC is.

This absence of relationship between biological parameters and location qualities is in
accordance with Service Argos claims but in opposition to previous works (e.g. Stewart
et al., 1989). Our results can be explained by the few possible activities of the seals in
their tank : long dives for instance, which is a major activity in free ranging grey seals at
sea, does not occur in this situation and can bias the relationship with LC. Indeed, tracks
of the same seals once released at sea have shown great differences between locations at
sea (poor LC, almost only 0, A or B) and locations when around haulout sites (better
LC, often from | to 3). Further experiments are therefore necessary to assess the
possible relationship between location quality and activity of marine mammals at sea.

ACKNOWLEDGEMENTS We thank S. Moss and P. Lovell for their
help in tagging the seals and visualising the data, and J.M. Menegaz and J. Haapkyla for
caring the seals and recording their activity.
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Table 1. Total number of locations and corresponding Location Classes (LC)

LC Number of location fixes To

B 159 314

A 110 21.7

0 85 16.8

1 66 13.0

2 58 11.4
3 29 5.7

Total 507 100.0

Table 2. 68 percentile error for each LC value

68 percentile error LC
B A 0 1 2 3
this study (in metres) 15000 2500 10000 1750 650 660
Service ARGOS * (in metres) ~ ~ ~ 1 000 500 350

* . given for terrestrial application. ARGOS, 1996
~: not documented

Table 3. Main activity of the seals during satellite passes and
LC of corresponding localisations

LC  Number of observations for main activity:

S R H A
B 13 7 1 2
A 6 l 0 2
0 5 0 0 1
1 4 0 1 0
2 4 1 0 0
3 4 | 0 0

With S: Swimming; R: Resting; H: Interaction with Human; A: Low Activity
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FIRST REPORT OF BLUE WHALES (BALAENOPTERA MUSCULUS)
FREQUENTING THE CANARY ISLAND WATERS
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IWeichselstr. 20, 10247 Berlin, Germany
2Projecr M.E.ER. LA GOMERA, Apdo. de correos 121, 38870,
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SURVEY AREA To date, twenty-five cetacean species are known to inhabit or visit
the waters of the Canary Islands archipelago including physeterids, delphinids, several
ziphiids and four species of the balaenopterid family: minke, bryde, sei and fin whale
(Vidal Martin, pers. comm.). Seventeen cetacean species have been documented to use
the waters southwest of La Gomera, as part of their habitat (Ritter, 1996; Ritter and
Brederlau, unpubl. data).

La Gomera (17°15'W-17°21'W and 28°1'N-28"14'N) lies about 400 kilometres off the
West African mainland (17°15'W-17°21'W and 28°1'N-28°14'N) in the Atlantic Ocean
and belongs to the Western Canary Islands (see Fig.1). The islands are surrounded by
waters which rapidly get deeper the farther away from the coast. Some authors consider
the key oceanographic feature is the absence of a shelf (Martin et al., 1992). In the
western part of the archipelago, the sea-bottom drops steeply to about 4,000 metres into
the Canaries basin (Rothe, 1986). In La Gomera’s south-west, where our observations
are made, a depth of 2,000 m. is already reached only a few kilometres away from the
coast.

The climate is mainly determined by the islands’ position in the north-eastern trade-wind.
Water temperatures are approximately 22°C-24°C in summer and about 17°C-19°C in
winter. This temperature is lower than might be expected from a subtropical region,
mainly due to the cold lift off West Africa and the cooler Canaries Current (Montero and
Arechavaleta, 1997).

METHOD  Off La Gomera, small whale watching vessels operate from the Valle
Gran Rey, situated in the south-west of the island. One of these boats - the Viena, a 9m.
former fishing boat - since 1995 is being used as the platform for a long-term cetacean
research project since 1995. This research is conducted by the Project M.E.E.R. LA
GOMERA, (a NGO based in Germany), in co-operation with the Club de Mar, (a local
whale watching operator).

Since September 1995, sighting data have been collected for every sighting made aboard
the Viena. This is done during the regular whale watching trips, which usually takes
place once or twice a day (10:00 and 17:00 hrs, according to tourist demand) and
throughout the year. Data collected include determination of species, time, group size,
distance to the coast, and duration of the sighting. These are complemented by field
notes concerning the sighting described in this paper.

Photographic pictures were taken with a SLR camera equipped with 28-70mm/f3.5 and
80-200mm/f4.0 zoom lenses. Video footage was filmed with a HI 8 video camera.

RESULTS On 4th April 1997, at 11:20 hrs, a sighting of blue whale
(Balaenoptera musculus) was made. Three whales were encountered approximately | nm
off the south coast of La Gomera (Pta. Iguala). We believe this to be the first report of
blue whales frequenting waters off the Canary Island waters. Beaufort Sea State was 2-3
with low (<1 m) swell. The water depth at the place of first sighting was 100-150 m.
The whales were first approximately about 500 m away from each other. Only towards
the end of the encounter could the number of whales be determined accurately when they
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remained close to eachother (50-200 m). Two of the whales were estimated to be 25 m
long, the third animal being considerably smaller (approx. 20 m). The species identity
was ascertained by the animals’ size, the bluish colour, and the mottled pigmentation
pattern on the flanks which is unique to blue whales.

The whales were followed by the Viena, and after a while, two more whale watching
boats (of about the same size as the Viena) joined the encounter. The sighting lasted 2
hrs and 5 mins. The whales travelled in the same direction (northwest) the entire time at
a speed of c¢. 3 knots, and were followed by the boats. Only towards the end of the
sighting died they accelerate to 4-5 knots. The dive cycles - as long these could be
established with the observation platform remaining with a single whale - were regular
with dive times ranging from 30 secs up to 32 mins. The whales remained close to the
water surface, and thus were visible even when submerged. When they came to the
surface to breathe, they did this almost exclusively beside or in front of the boats.

The distance to the boats varied from 10 to 100 m., some close approaches to the boats
were observed. The general behaviour was inconspicuous; no fluke-up dives or any
spectacular behaviours were observed. Sometimes a whale diving close to the boat turned
on its side, presumably to have a look at the whale watchers. No fluke-up dives or any
spectacular behaviours were observed. The distance to the boats varied from 10 to 100
m.; some close approaches to the boats were observed. Once, an animal dived right
below the Viena at a depth of ¢. 10 m for 2-3 mins.

Photographs (colour slides, ISO 100) were taken throughout the encounter and also a
total of 1h 15 min of Hi 8 video footage were filmed by a guest on the whale watching
trip.

DISCUSSION Blue whales inhabit all oceans and are said to have a typical
"balaenopterid life cycle": they remain in their tropical mating and calving grounds during
winter, and migrate to the arctic and antarctic feeding grounds in summer. However,
there is evidence for non-migrating animals and resident populations in the eastern
tropical Pacific (Reilly and Thayer, 1990). Very little is known about the North Atlantic
stock. Neither migrating routes nor feeding and mating areas have been determined
(Lockyer, 1990). On the other hand, there are indications of two separate stocks, one in
the western and the other in the eastern Atlantic (Klinowska, 1991). Concerning the
eastern Atlantic, there have been sightings off West Africa at the level of Cape Blanco,
with the southernmost record for the eastern North Atlantic being from the Cape Verde
Islands (Ingebrigsten, 1929). Estimates of the population size of the North Atlantic
Ocean range from around 100 animals to more than 500 (Yochem and Leatherwood,
1985).

The sizes of the animals observed off La Gomera suggest two adults and one younger,
almost sexually mature. The group size was similar to numbers given in literature: blue
whales mostly swim alone or in groups of 2 or 3 animals (Yochem and Leatherwood,
1985).

Western Atlantic blue whales apparently start migrating northwards as early as March/
April (Sears et al., 1990). Eastern Atlantic blue whales are said to migrate from the area
of the Cape Verde Archipelago to Spitsbergen and the Barents Sea (Klinowska, 1991;
Yochem and Leatherwood, 1985). Given the date of our sighting and the observed
direction of travel, we may conclude that these blue whales were on their way to the
Arctic. Also, the speed of the whales during our sighting corresponds to the migrating
speed of blue whales (5 to 33 km/hour - Yochem and Leatherwood, 1985).
Nevertheless, these whales may have stayed in the area for a longer period, possibly
responding to special oceanographic conditions such as water temperature, salinity, and
the like. The latter could also have been the reason for them frequenting the Canaries
archipelago.
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Increased observer coverage over the last years has increased the probability of sightings
of "new" species in the Canaries, which is especially true for La Gomera.

The long duration of the encounter and the constant close distance to the whale-watching
boats leads us to the conclusion that it was the whales which stayed with the boats and
not vice versa.

The use of whale-watching vessels as a platform of opportunity is demonstrated here as
very important in the collection of data on a regular basis. The co-operative partnership
of tour operator and researchers alike at La Gomera is an important example of the
reciprocal benefits to whale-watching tourism and scientific research. Such a
collaboration is generally viewed as a necessary feature of whale-watching activities
(Hoyt 1994; IFAW, Tethys & Europe Conservation, 1995). Moreover, the alliance of
scientists and operators enables the direct realisation of conclusions from experiences
gained in cetacean encounters. The (human) conduct towards the animals can thus be
adjusted directly to the animals' natural occurring behaviour, a procedure which is vital
for whale watching areas in development (Forestell 1995; Smith and Hoyt 1996, in
prep.). If we consider the fact that there is an additional link to the public work done by
the Project M.E.E.R. La Gomera, the precautionary approach, being the basis of the
whale watching activities off the coast of La Gomera, can be regarded as a special kind
of mutualism.
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THE DISTRIBUTION OF THE MEDITERRANEAN MONK SEAL
(MONACHUS MONACHUS) IN GREECE

S. Adamantopoulou, E. Androukaki, and S. Kotomatas

MOM/Hellenic Society for the Study and Protection of the Monk Seal,
18 Solomou Str., 10682 Athens, Greece

This study is an attempt to determine the distribution of the Mediterranean monk seal,
(Monachus monachus), in Greece, using information related to monk seal sightings from
throughout the country. The information collected includes: the date and site of
observation, the description of the animal, its behaviour, and other relevant details. This
study is part of a Rescue and Information Network, established in 1990, which consists
of a network of more than 1,000 contacts in coastal Greece and with which there is
continuous communication through questionnaires received by mail from relevant
authorities (port police, fishery and veterinary services, fishery co-operatives, coastal
municipalities) and from local inhabitants, interviews of observers contacted during
expeditions to coastal areas, in order to sensitise the local population and collect
information about the past and present status of the monk seal (163 different locations
visited).

During the study period (1990-96), 711 reports of alive seal observations (49 were
related to newly born pups, 566 to adult or juvenile animals and in 99 cases the stage of
the animal could not be determined) and 92 reports of dead seals were collected or
received. The distribution of the seal sightings indicate that the Mediterranean monk seal
still remains widely distributed in Greece. This is further supported by the fact that dead
monk seal strandings were also found to be distributed throughout the country's
coastline. The high frequency of dead seal strandings found in specific areas (N.
Sporades and Ionian islands), is considered to be due to the presence of research teams
monitoring the status of the species and the larger size of the local monk seal populations.
Furthermore, the sightings of newborn pups in a number of different areas, and the
consistency of such observations through the project period, provide evidence that
several breeding populations are found within the species distribution.

The high frequency of seal sightings in conjunction with evidence of breeding in several
areas of the country, suggest that there may be a number of important subpopulations,
which should be considered in the strategy for the protection of the species on a national
scale.
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GROWTH, AGE AT SEXUAL MATURITY AND CONDITION IN
BEARDED SEALS (ERIGNATHUS BARBATUS) FROM
SVALBARD, NORWAY

M. Andersen!, A. M. Hjelset!, I. Gjertz2, B. Gulliksen!
and C. Lydersen3

I'The Norwegian College of Fishery Science, N-9037 Tromsg, Norway &
The University Courses on Svalbard (UNIS), 9170 Longyearbyen, Svalbard
2Norwegian Polar Institute, P.O. Box 5072 Majorstua, N-0301 Oslo, Norway
3Norwcgian Polar Institute, N-9005 Tromsg, Norway

The aim of this study was to describe growth, determine age at sexual maturity and
investigate the condition of bearded seals from the Svalbard area. Morphometric data,
jaws, and sex organs were collected from 110 animals. Age was determined by reading
cementum layers in hard longitudinal sections of canine teeth.

Females were defined as sexually mature based on findings of mature follicles or corpora
lutea/albicantia. Sexual maturity in males were determined based on size of testes and
bacula.

Von Bertalanffy growth curves were applied on both standard length and body mass
data, and asymptotic values for males were 231.1 £11.4 cm and 271.0 +26.8 kg, and for
females 233.1 £7.5 cm and 276.9 148.2 kg, respectively.

Maximum recorded lengths and masses were 254 cm and 313 kg in males and 242 cm
and 358 kg in females.

Females were found to be sexually mature at 200 cm (90% of asymptotic value),
corresponding to an age of 5 years. All males older than 6 years were sexually mature.

A significant decrease was found in condition in adult females from May to July, and a
significant increase when comparing July and August data (based on a condition index CI
= [standard length/axillary girth] 100). A similar trend was found for adult males, but
these differences were not significant. This difference between the sexes, can be
explained by the high energetic costs in connection with lactation in females.
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CAUSES OF DEATH IN THE MEDITERRANEAN MONK SEAL
(MONACHUS MONACHUS) IN GREECE

E. Androukaki, S. Adamantopoulou, P. Dendrinos, E. Tounta, and S. Kotomatas

MOM/Hellenic Society for the Study and Protection of the Monk Seal,
18 Solomou Str., 104 32 Athens, Greece

The decline of the Mediterranean monk seal (Monachus monachus) has to a large extent
been attributed to the deliberate killing of animals. This has been mainly based on
occasional reports of dead monk seal strandings. In order to evaluate the relative
importance of deliberate killing, we examined the causes of death of this species in
Greece, for the period from 1973 until 1996.

The reports of dead animals were collected through a network of more than 1,000
contacts throughout Greece, as part of a Rescue and Information Network, and through
monitoring of the monk seal population of the Northern Sporades Islands. When
possible, depending on how recent the report was and on the state of decomposition of
the animal, full autopsies were conducted and samples were taken for laboratory analyses
to assist in the identification of the cause of death.

Even though identification of the cause of death may not always be reliable without an
autopsy, for comparative reasons we present results from 27 cases where autopsies were
conducted, as well as from 65 cases where the cause of death was determined based only
on the information provided by the reporters.

Considering the results from the autopsies performed, in the adult and juvenile stages,
deliberate killing was found to be the most frequent cause of death (43%), while natural
deaths (25%) and accidental captures in fishing gear (13%) were also recorded. By
contrast, in the cases involving newly born animals natural causes of death constitute the
most important mortality factor, accounting for 92% of the deaths of animals of this
stage. The results obtained from the cases where autopsies were not conducted, provide
evidence that deliberate killing is the most frequent cause of death in animals of all stages.

The high frequency of deliberate killing found and the fact that this phenomenon still
occurs in most areas of the species distribution makes this factor critical in the design of
effective conservation measures. A further argument for the establishment of additional
protected areas is the reduction of deliberate killing in the National Marine Park of
Alonnissos, Northern Sporades, Greece, over the last decade.
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A PHOTO-IDENTIFICATION STUDY OF RISSO’S DOLPHINS IN THE
OUTER HEBRIDES, NORTHWEST SCOTLAND

T. Atkinson, A. Gill, and P. G. H. Evans

Sea Watch Foundation, ¢/o Zoology Dept., Univ. of Oxford,
South Parks Rd., Oxford OX1 3PS, UK

During surveys by the Sea Watch Foundation of coastal waters west of Scotland over the
summers of 1992-97, Risso’s dolphins (Grampus griseus) were seen annually around
the Eye Peninsula, Isle of Lewis. A photo-identification study was initiated in August -
September 1995 and repeated during May - October 1996. Regular surveys were
conducted from Kebock Head (58°02°N 60°21°W) to Tolsta Head (58°21'N, 60° 09'W)
seaward to the 100 m depth contour (a total area of 175 km?). Total boat effort amounted
to 358 hrs, of which 115 hrs (32%) were recorded with Risso’s dolphins.
Approximately 3,000 photographs of dorsal fins and bodies have been taken for photo-
identification, using a variety of natural markings.

At least 142 individuals have been identified to date (results from summer 1997 to be
incorporated) with at least 52 individuals (37%) re-sighted between 1995 and 1996.
Group sizes ranged from 3 to 50, with a modal group size of 8-12. Although groups
were typically of mixed ages and sex, on three occasions groups comprising exclusively
subadults/juveniles were encountered and on one occasion a group of eight females each
with a calf was observed. Individuals identified together in 1995 were re-sighted in the
same groups the subsequent year, suggesting that longer term affiliations may exist along
with more fluid group structures.

Particular localities were favoured by Risso’s dolphins although these could vary
seasonally. Between May and July the species was generally seen offshore in deeper
waters and in large groups. In August and September animals were regularly in coastal
bays or nearshore, foraging solitarily or in small groups. This change in behaviour may
be for social reasons or relate to prey availability. A dead Risso’s dolphin washed up
locally in May contained quantities of lesser octopus (Eledone cirrhosa) beaks in its
stomach. Local creel fishermen reported octopus as abundant throughout the coastal area
of Lewis especially around the Eye Peninsula, with apparent peaks in June and August -
October. Studies are currently underway to investigate whether spatio-temporal variation
in dolphin distribution correlates with variations in potential prey abundance.
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SEASONAL ABUNDANCE, DISTRIBUTION AND HABITAT
USE OF OFFSHORE BOTTLENOSE DOLPHINS
AT ISLA DEL COCO, COSTA RICA

G. Beauplet! and A. Acevedo-Gutierrez?

114 Avenue de 'Europe, 72110 St Cosme en Vairais, France
2MMRP, Texas A&M University of Galveston, Galveston, TX 77551, USA

Little is known about the occurrence and habitat use of offshore bottlenose dolphins
(Tursiops truncatus ) in Eastern Tropical Pacific oceanic islands. The objectives of this
study were to determine the distribution, relative abundance, and habitat use patterns of
bottlenose dolphins in waters surrounding Isla del Coco, Costa Rica, Isla del Coco is a
small (23 km in circumference) island centered at 05°32'N, 87° 04'W and located 500
km southwest of the Pacific coast of Costa Rica. From February 1993 to August 1993
and November 1993 to July 1994, non-random surveys were conducted from a small
inflatable boat. Environmental parameters (e.g. water temperature, salinity, wind,
Beaufort, turbidity) were recorded regularly, as well as after every dolphin sightings.
Spatial distribution and associated environmental and oceanographic parameters were
analysed by dividing the 206 km? study area into 1x1 km grids.

A total of 296 surveys (6218 km on-effort) were conducted with 589 dolphin sightings.
Dolphins were observed throughout the study area and during all seasons. Sighting rates
were highest ([0.15-0.23 sght/km]) between April and August, and lowest ([0.02-0.05
sght/km]) from December through March. Dolphin sightings tended to be concentrated
in the northwestern part of the study area, and to a lesser extent in the northern and
western region, where deep waters closely approached shore.

In general, dolphins were seen within 1 km of shore (mean =0.97 km) and in relatively
shallow waters (mean = 120 m). High sighting rates nearshore and low sighting rates
during northwesterly wind periods suggested a utilisation of protected waters. The mean
water depth corresponds with the presence of epipelagic fishes which are the main prey
of offshore bottlenose dolphins. Further studies are needed to confirm the seasonal
trends in abundance and to assess seasonal availability and distribution of epipelagic
fishes in the area.
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THE QUANTITY ESTIMATION OF RUSSIAN ARCTIC BELUGA
ACCORDING TO THE PECULIARITY OF THEIR
POPULATION STRUCTURE

V. M. Bel’kovich

Institute of Oceanology, 23 Nachimovsky Pr., Moscow 117 218, Russia

Beluga is an excellent species as an indicator of ecosystem condition. Monitoring of this
species seems to be very important because of the intensive industrial development of the
shelf regions. Large dimensions, white coloration, and population structure make the
beluga a most convenient monitoring subject.

With respect to the populations of belugas in the Russian Arctic, it is considered that 10-
20,000 live in the White Sea and Barents Sea; almost the same number in the Kara Sea;
and very few in the Laptev Sea. They are rare in Vostochmo-Siberian Sea; there are not
many near the Chukotsk; and the population in Anadir Bay is estimated at up to 10-
20,000. The nearest population of beluga to these lives only in thousands of kilometres
in the Sea of Okhotsk: in the northern part - Gijiginsko-Penjinskaya, 10-20,000; and in
the southern part - Shantarskaya and Amurskaya populations, 10-20,000. All these
quantitative estimates have been carefully determined.

Only in recent years have we conducted special investigations and determined the true
abundance of the beluga population in the southern part of the White Sea - 800-1,000
animals (Bel’kovich, 1995, 1996). During this work we studied five reproductive
aggregations of beluga composed of females and young animals of different age, and of
10-14% of adult males (Bel'kovich, 1996, 1997). This part of the population is resident.
The second part of this population consist of adult males (90%), and migrates, foraging
great distances away (in the Barents Sea, and maybe the Kara Sea). We consider the two
parts of the population almost equal. We suggest that one can use the seasonal stability
of the breeding aggregations as a great opportunity for quantitative estimates of the first
part of the population, and to arrive at an estimate of about one half of the whole
population.
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VARIATION IN THE DEGREE OF SEXUAL DIMORPHISM
BETWEEN GREY SEALS (HALICHOERUS GRYPUS)
IN THE BALTIC SEA AND THE BRITISH ISLES

M. Biuw! and O. Karlsson?

1 2Department of Zoology, Stockholm University, S-106 91, Sweden

The degree of sexual dimorphism varies extensively between different species of phocid
seals. This variation follows a general pattern with a high degree of dimorphism in
polygynous species breeding on land and slight dimorphism or monomorphism in less
polygynous or monogamous species breeding on ice. In order to test whether the same
pattern exists within a species inhabiting various habitat types, we investigated the cranial
morphometry of grey seals (Halichoerus grypus) from the Baltic Sea and the British
Isles. While grey seals around the British Isles generally form terrestrial breeding
colonies, the majority of the Baltic grey seals breed on pack ice in the northern part of the
Baltic.

We measured six cranial variables on a total of 145 grey seal craniums, 97 from the
Baltic Sea (51 females and 46 males) and 48 from the British Isles (25 females and 23
males), and the data was analysed using multivariate statistical methods. General size
accounted for 81.71% of the total variation. Among Baltic seals, this was the only aspect
for which males and females differed significantly.

In contrast, males and females in the UK also differed with respect to skull shape, with
relatively larger orbital openings and more elongated maxillary region in males than in
females. In a Discriminant Function Analysis, greater separation was obtained between
males and females in the UK sample than in the Baltic sample, indicating a higher degree
of sexual dimorphism in the UK sample (Mahalanobis multivariate distances: 10.93 and
4.64 respectively). When the general size factor was excluded UK males and females
were still highly separated, while separation was almost absent in the Baltic sample
(Mahalanobis distances: 1.274 and 0.128 respectively). Therefore, size alone does not
account for all dimorphism in the UK sample.

Our results indicate that grey seals in the Baltic lack the extreme sexual dimorphism
which is otherwise characteristic to this species. This may be the result of stronger
selection for large size and secondary sexual characteristics in males in the Eastern
Atlantic, in combination with a greater relative reproductive advantage to large females in
the harsh climate of the Baltic pack-ice.
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COMPARATIVE POPULATION DYNAMICS OF STELLER SEA LIONS
AND NORTHERN FUR SEALS ON COMMANDER IS., RUSSIA

A. 1. Boltnev

Research Institute of Fisheries and Oceanography, 683602,
Petropavlovsk-Kamchatsky, 18 Naberezhnaya, Russia

Northern fur seals (NFS) and Steller sea lions (SSL) have similar areas of distribution
and sometimes breed on the same rookeries. Both also have a wide variety of feeding
species. However the abundance of both NFS and SSL is reliant on the stocks of
herring and pollock, key species in the ecosystem of the Bering Sea.

Both seals and sea lions were abundant in 1950 but numbers have declined over the last
few decades, though not all populations at the same rate. Between 1950 and 1990, NFS
colonies on Pribilof Is. (USA) declined twice, and those on Robben Is. (Russia) three
times. The NFS population on Commander Is. however, increased in 1960, and was
more or less stable during 1970-1990. During 1960, NFS created two new reproductive
rookeries there and several small rookeries on Kuril Is. In 1970, NES were found in
California and late in 1980 a rookery was found on Bogoslov Is., Alaska.

Analysis of observation on tagged animals has shown an important redistribution of NFS
from Pribilof Is. creating rookeries on Commander Is. A similar emigration of SSL to
Commander Is. was observed between 1960 and 1970. In 1969, SSL began reproduce
on the south of Medny Is.

There is not much information from other areas for that period but we guess the process
of the redistribution was the same for NFS and SSL during 1960-70 when SSL numbers
started to decline also. Food resources could be the primary reason for the emigration of
NFS and SSL from their native area. Fishery activity is a general factor influencing fish
and shellfish stocks. Fisheries are developing faster in the eastern Bering Sea, the US
coast of the Pacific Ocean, and in the south of the far eastern Russian seas than in the
western Bering Sea.

Marine mammals represent the high trophic level of the oceanic ecosystem, showing the

accumulative effects of environmental factors and are therefore good indicators of
variations in the ecosystem.
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DIET OF ATLANTIC WHITE-SIDED DOLPHINS
SOUTHWEST OF IRELAND

A. S. Couperus

Netherlands Institute for Fisheries Research (RIVO-DLQO), PO Box 68,
1970 AB IImuiden, The Netherlands

The diet of Atlantic white-sided dolphin (Lagenorhynchus acutus) in the Northeast
Atlantic is poorly known. Here, we provide stomach content data for 50 specimens,
caught accidentally in the fishery for horse mackerel and mackerel at the shelf-edge
Southwest of Ireland. In addition data are presented on the diet of seven common
dolphins (Delphinus delphis) and two bottlenose dolphins (Tursiops truncatus). The
dolphins were caught between 1992 and 1995, in the period January - April, except for
one white-sided dolphin which was sampled in September 1994.

In stomachs of white-sided dolphins a total of 4,029 prey items were found, of which
1,118 items originated from the specimen caught in September. From January to April,
the most important prey groups of white-sided dolphins, expressed as percentage of the
total weight and proportion of the total number of prey respectively, are: mackerel (67%
and 12%), Gadidae (13% and 49%), other fish (7% and 27%) and Cephalopods (13%
and 12%). Cephalopods consisted of at least 12 mainly meso-pelagic species. The most
important fish species in numbers were the gadid silvery pout (Gadiculus argenteus,
44%) and the myctophid Notoscopelus kroeyerii (13.5%), both meso-pelagic species. In
the single specimen from September, the most important prey-groups were Cephalopods
(52%: almost exclusively Ommastrephidae) and Gadidae (43% of weight and 76% of
number; mainly silvery pout and blue whiting Micromesistius poutassou). Horse
mackerel was completely absent in the stomach of white-sided dolphins, while the
species was found in the stomachs of common dolphin and bottlenose dolphin.

The occurrence of both meso-pelagic species and mackerel in the stomachs do suggest
that white-sided dolphins combine a more oceanic distribution with excursions in the
outershelf area, where they may associate with schools of mackerel and where they
possibly also scavenge on discards.
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STATUS AND CONSERVATION OF THE MONK SEAL POPULATION
IN THE NATIONAL MARINE PARK OF ALONNISSOS,
N. SPORADES, GREECE

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

MOM/Hellenic Society for the Study and Protection of the Monk Seal, 18 Solomou Str.,
10682 Athens, Greece

The existence of one of the largest breeding Mediterranean monk seal,(Monachus
monachus), populations in the Nortrhern Sporades island complex in Greece, provides a
unique opportunity for studying in the field this endangered species. In 1990, a long-
term project was initiated with aim to study and monitor the status of the local monk seal
population.

Fieldwork is being conducted by direct visits to the 35 seal shelters of the study area,
during which the presence of animals is recorded. In parallel, programmed photographic
cameras have been installed within specific shelters. Direct observations and photographs
taken of animals encountered are used in the identification of individuals.

From 1990 until 1996, surveys to the species shelters have been conducted 1,950 times,
during which 480 times, individual animals were encountered. Through recent analysis
of the data, at least 32 individual adult or juvenile animals have been identified. Patterns
of the animals’ daily and seasonal use of shelters, as well as, movements within the area
have been recorded. Furthermore, 42 different new born pups, of equal sex ratio, have
been identified. Births are distributed between July and December with a peak in
October. Moulting period was observed to start at the earliest at the age of 30-40 days
and to last at least 15 days. During the first two months of development, pups spend
considerable time with their mothers. They were observed to enter the sea in the first
week of life, even in the absence of their mothers, and to change shelters and travel
distances of several hundred meters even at an early age.

These results were taken under consideration in the design and subsequent modifications
of a zone system with varying degrees of conservation measures, originally established
in the area in 1992. The conservation measures involve mainly restrictions in fishery and
tourism activities providing complete protection in the main reproduction habitats of the
species. The existing measures are actively enforced through a guarding system. The
data collected on the human activities within the park area, provide evidence of a decline
in illegal activities during the project period.
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MATERNAL ATTENDANCE AND PUP GROWTH RATE IN
SUBANTARCTIC FUR SEALS (ARCTOCEPAHLUS TROPICALIS)
ON AMSTERDAM ISLAND

J-Y. Georges and C. Guinet

Centre d’Etudes Biologiques de Chizé, CEBC-CNRS, Beauvoir sur Niort, 79360, France

In SubAntarctic Fur Seals the pup rearing period lasts ten months. In temperate latitudes
such as on Amsterdam Island, fur seal maternal strategies are predicted to be intermediate
between tropical strategies where females undertake short foraging trip and subpolar
strategies where long foraging trips are preceded by long attendance bouts. To test this
hypothesis, mass change and pup growth rates calculated from birth to the age of
maximum pup mass (230 days) were monitored in 78 mother-pup pairs. Pups were
weighed daily and mothers were weighed before and after several consecutive foraging
trips. In addition, diving effort was monitored in 14 females, for one foraging trip, with
Time Depth Recorders through the whole study.

Foraging trip durations were among the longest described in Otariidae 10.2+4.5 d
(x+S.D., n=297) in summer, 14.0£5.5 d. (n=279) in fall, and 21.5£6.9 d. (n=50) in
winter. Attendance bouts were also long (3.7+1.6 d., n=671), and they did not vary in
duration throughout the year. Pup growth rate did not vary with pup sex, but larger
mothers which made shorter foraging trips had pups which grew faster. In summer, the
absolute and daily mass gains of pups depended on maternal characteristics (body size,
body mass and maternal attendance behaviour), but were limited by the pup mass -i.c.
the quantity of milk the pup is able to ingest in relation to its size.

In fthe autumn, despite longer foraging trips, mothers were able to feed their pup at the
same rate as in summer because i) mass gain of the pup was no longer limited by its size
and ii) absolute maternal mass gain at sea increased. However, despite increased diving
effort in winter, females were unable to maintain the daily mass gain of their pup. The
maternal strategy of Subantarctic Fur Seals breeding on Amsterdam Island was not
intermediate between a tropical and a subpolar strategy with respect to the hypothesised
latitudinal gradient in maternal attendance. This can be explained by the absence of
coastal upwelling at Amsterdam Island where females have to travel further at sea to
reach the more productive waters of the subtropical front.
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MIGRATIONS OF ADULT RINGED SEALS BASED ON
SATELLITE TELEMETRY

L Gjertz!, K. M. Kovacs?, C. Lydersen3, and @. Wiig4
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42001ugical Museum, University of Oslo, Sarsgate 1, N-0562 Oslo, Norway

Ringed seals (Phoca hispida) associate closely with fast-ice, in which they breed and
nurse their young. Adult ringed seals are territorial in the breeding season, and there are
indications that they show site fidelity to the same areas of the land-fast fjord ice in
successive breeding seasons. Virtually nothing is known about their movements outside
the breeding period.

We believe that adult ringed seals in the fjords of Spitsbergen conduct prolonged feeding
excursions either to the offshore banks or to the drifting pack-ice, and that they show site
fidelity upon return to the fjords. We tested this hypothesis using satellite telemetry.

In the beginning of July 1996, eight post-moulting adult ringed seals (6 females; 2 males)
were equipped with satellite transmitters. Seven of these were tagged in St.
Johnsfjorden, Spitsbergen (78°30°N 13°E) and the eighth in Van Mijenfjorden. The
latter did not function well and ceased transmitting after 8 days. It is therefore not
included in the analysed data. The seven other transmitters lasted from 103-325 days
(mean 191 days). The seals displayed a varying pattern of dispersion. Two spent most
of their time at inshore fishing banks, three went to offshore banks and two swam 400
km north to the drifting pack ice (82°N 13°E). All of the seals returned to Spitsbergen.
All tags that transmitted long enough showed that the seals returned to the tagging area.
The animal with the longest stay outside its breeding fjord left the tagging area on 8 July
and returned on 30 December.,

This study has shown that adult ringed seals undertake varying patterns of post-moulting

excursions and that there are strong indications that they show site fidelity when
returning from these.
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THE BIOLOGY OF HARBOUR PORPOISES FROM
WEST GREENLAND

M. P. Heide-Jgrgensen' and C. Lockyer?

IGreenland Institute of Natural Resources, DK2200 Copenhagen, Denmark
2Danish Institute for Fisheries Research, DK2920 Charlottenlund, Denmark

During August and September 1995, harbour porpoises (Phocoena phocoena) were
sampled from the catches in three locations off West Greenland (Paamiut (23), Maniitsoq
(52) and Nuuk (28)). Measurements of body length, girths, blubber thickness, body and
organ weights were taken and teeth for age determination, stomach content for diet
analysis, blubber for lipid analysis and gonads were collected for this study. The data
and samples were analysed for biological parameters and ecological status, and
comparisons with similar data for porpoises from the eastern North Atlantic and North
Sea, where genetic studies have shown differences in population, and with western
Atlantic Canadian animals.

The modal age class in both sexes was the first year, with a longevity of 12 yr in females
and 17 yr in males. This is more similar to eastern Canada where there is a history of
bycatches, but lower than the 24 yr reported for British Isles. Females ovulated from age
3-4 yr at a length of about 135 cm; testes weights >200 g indicated maturation in males
from age 2 yr upwards at a length >125 cm. Several small embryos were found,
consistent with a mating season in late summer. Application of the Gompertz growth
model indicated a maximum length of 154 ¢m in females and 141 cm in males with a
corresponding weight of 57 kg and 52 kg respectively. These length values and those at
maturation are consistently smaller than those reported for North Sea porpoises and from
elsewhere.

Stomach content analysis for 92 animals indicated regional differences, although capelin
(Mallotus villosus) was predominant in all samples, as reported off north Norway, but
different to the predominantly benthic species off Denmark. The presence of fish, squid
and crustaceans indicated opportunistic feeding if presented. Indicators of body
condition showed that the pregnant females were fattest, as reported from Canada and
British Isles. Animals were significantly heavier and fatter for length than the Canadian
and North Sea animals. The blubber lipid content was generally 92-95% wet weight of
tissue, a higher level than for British animals (83-87%).

While indicators of body condition may reflect seasonal biases and local ecology, and
also origins of the animals (strandings or take), certain biological parameters do indicate
differences between West Greenland and eastern North Atlantic populations in concert
with the genetic findings.
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DIVING BEHAVIOUR IN NEWLY-WEANED SOUTHERN ELEPHANT
SEALS DURING THEIR FIRST TRIP TO SEA
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and P.J.H. Reijnders#
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The ability to successfully forage during their first trip to sea is fundamental to the
ultimate survival of newly weaned elephant seals. However, there is considerable
variation in the weight and fat content of the seals at weaning, which results in some
individuals having larger energy and oxygen stores than others. This study was
designed to study the development of diving behaviour in newly-weaned elephant seals
during their first foraging trip, and to quantify the influence of body size on that
behaviour.

The diving behaviour of 21 newly-weaned seals was studied using satellite linked time
depth recorders. Seals were captured at Macquarie Island in December 1995 and 1996,
approximately four weeks after weaning. Two groups of seals were specifically targeted;
a heavy group from the top quartile of weaning weights (n=6) and a light group from the
lower quartile (n=15).

Most of the seals made dives in excess of 100 m and 5 min prior to finally departing.
However, for the first 60-80 d all of the seals exhibited behaviour quite distinct from the
patterns reported for older conspecifics, making relatively shallow (100439 m) and short
(5.741.23 min) dives. During this time the seals spent on average 74.3+12.6 % of each
day diving, and the depth of the dives did not follow any diurnal pattern. For all seals,
the diving behaviour changed abruptly, coincident with their beginning to return to land.
During this time the behaviour was more like that of adults, with the seals making deeper
(15949 m) and longer dives (9.01+1.69 min) than previously, with a strong diurnal
pattern in depth. There is no obvious explanation for this change in behaviour, although
it’slabrupt nature suggests that it is unlikely to be due to physiological changes in the
seals.

The size of the seals at weaning was an important influence on diving behaviour. Heavy
weaners made significantly deeper (130+40 m) and longer dives (7.36+0.55 min) than
light weaners (88432 m and 5.04+0.64 min respectively). This indicates that the smaller
seals are constrained to some extent by their physiological capabilities, perhaps requiring
them to adopt different foraging strategies.
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FEEDING HABITS OF BEARDED SEALS (ERIGNATHUS BARBATUS)
FROM THE SVALBARD AREA, NORWAY
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The objective of the present study was to assess feeding habits of bearded seals from
Svalbard. Stomachs and/or intestine content was collected from 47 individuals. Prey
were identified from whole specimens or hard parts as otoliths, exoskeleton fragments,
cephalopod beaks, polychaete jaws, operculae and shell remains.

The most dominant fish species were polar cod (Boreogadus saida), found in 33% of the
stomachs, followed by Cottidae spp. (36%), Hippoglossoides platessoides (27%) and
Lumpenus medius (18%). The most dominant crustaceans were Hyas coarctatus (55%),
Sabinea septemcarinatus (48%), Sclerocrangon boreas (45%) and Lebbeus polaris
(18%). Six species of molluses were found and the whelk Buccinum spp. was the most
common and found in 12 % of the stomachs, while the 5 other species occurred in 3-6 %
of the stomachs only. Cephalopods, polychaetes, amphipods and echiuroide worms
occurred in small amounts in some of the samples.

This study shows that the bearded seals were feeding from both benthic and pelagic food
sources. Cod (Gadus morhua) was found in 5 stomachs, but only small specimens were
taken (<17 cm), and the commercially exploited shrimp (Pandalus borealis) was found in
one stomach only. A potential conflict with respect to bearded seal diet and commercial
fisheries in the Svalbard area therefore seems unlikely.
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BEHAVIOUR AND HABITAT USE OF RESIDENT BOTTLENOSE

DOLPHINS (TURSIOPS TRUNCATUS) IN THE ENTRANCE TO THE
SHANNON ESTUARY, IRELAND

S. N. Ingram and E. Rogan

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

Surveys of bottlenose dolphins in the river Shannon show that the mouth of the estuary
is a particularly important habitat area, with significantly more dolphin sightings than in
other areas of the river (p<0.05). One hypothesis is that areas of strong current in the
entrance to rivers are important foraging habitats for bottlenose dolphins. Data were
collected using scan samples (n=341) during standardised shore watches (n=41) from
Kilcredaun Head (52° 34.8°N, 09° 42.4°W). Watches were made between June 1996
and May 1997 during which data were collected on the abundance and movements of
bottlenose dolphins in an 11.5 km? area of the estuary. The estuary is used by dolphins
throughout the year with peak abundance occurring during the summer months. The
Kilcredaun area of the river is a constricted channel with steep benthic topography
leading to tidal currents which can exceed 8km/h.

Behavioural data were collected during standardised scan samples of the survey area
(n=341). Dolphin schools were observed travelling in 65% of scans, foraging in 26%
and resting in 3%. When observed travelling, dolphin schools were seen moving parallel
to the shore in 84% of scans. Most frequently, the direction of travel was against the
tide; this was very highly significant during the flood tide (p<0.001).

Understanding habitat use is important when planning the management and conservation
of resident bottlenose dolphin populations. The results show a low incidence of resting
behaviour, and a high incidence of the energy expensive activity of swimming against the
tide. It is proposed that the dolphins are making specific use of the Kilcredaun area of
the river for activities such as foraging, rather than simply travelling through the area.
Swimming against the tide may be associated with foraging and thus may support the
hypothesis that recording behaviour as travelling during scan samples may result in an
underestimation of foraging activity.
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DISTRIBUTION OF CETACEANS IN THE
SOUTHERN INDIAN OCEAN

D. Legay, J.C. Stahl, and P. Jouventin

Centre dé Etudes Biologiques de Chizé, Centre National de la Recherche Scientifique,
F-79360 Villiers-en-Bois, France

More than 60,000 km of transects through the Southern Indian Ocean, in a zone covering
from subtropical to subAntarctic waters, enabled us to make a census of cetacean species.
Their distribution and abundance between 1978 and 1988 are established here in relation
to the limits of the Indian Ocean Sanctuary. Maps show the distributions of the 23
species observed. These distributions and their abundance appear to be related to the
surface distribution of salinity and temperature. In the light of correlations, other various
features of the biological and physical environment vary in the same way as the first two
do: a low-salinity water is also colder and occurs in conditions of low-temperature and
barometric pressure. This situation in conjunction with a shallow ocean depth gave the
closest fit to the observations. These conditions tended to stay constant throughout the
10-year observation period, except in 1984-85 when all species showed the highest
abundance. At the same time, hydrographic and environmental patterns were revealed to
change greatly from other years. Future transects will be conducted in the next years so
as to be able to compare the situations before and after the decision on whale protection.
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HERRING AS A KEY SPECIES IN NORTHEAST ATLANTIC MINKE
WHALE (BALAENOPTERA ACUTOROSTRATA) DIETS

U. Lindstrgm and T. Haug

Norwegian Institute of Fisheries and Aquaculture, N-9005 Tromsg, Norway

Substantial changes have occurred in Norwegian waters during the last decades, where
the most conspicuous were related to the rise and fall of stocks of the two major fish
species, the Norwegian spring spawning herring (Clupea harengus) and the Barents Sea
capelin (Mallotus villosus). Thanks to extensive annual studies since 1992, recent effect
of these ecological changes upon the diet and food consumption of one of the most
important top predators, the minke whale (Balaenoptera acutorostrata), can be analysed.
This paper, however, emphasises the interaction between herring and Northeast Atlantic
minke whales.

The spring spawning herring is a commercially very important fish species in the
Northeast Atlantic. The distribution and migration of Norwegian spring spawning
herring has changed the last decades. Before the major collapse of the stock in the late
1960s, the stock was distributed in the Norwegian Sea during most of the year.
However, after the collapse its distribution became more coastal and the stock began to
winter in different Norwegian fjords. The spawning take place along the Norwegian
coast, and the larvae are transported into the Barents Sea, mainly the southern parts,
where they spend the first two to four years of life. Good recruitment gives strong
cohorts and a large number of young, immature herring, in the southern parts of the
Barents Sea.

The predation of Northeast Atlantic minke whales upon spring spawning herring is
probably very high. In the period 1992-95, the Northeast Atlantic minke whale appeared
to have consumed 633,000 tons of spring spawning herring per year. This corresponds
to about 70% of the herring fisheries in the Northeast Atlantic in 1995. The major part of
this herring (97%) was immature fish, mainly belonging to the strong 1991 and 1992
year classes. The abundance and dietary importance of herring appears to be well
correlated. An example of this was when the major part of the 1992 year class migrated
out of the Barents Sea in 1995. This was followed by a subsequent reduction in the
dietary importance of herring (in the spring) by 50% as compared with the year before.
The consequences the minke whales impact on the immature herring may have for the
future recruitment of herring is difficult to say.
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MIGRATORY PATTERN AND DIVE BEHAVIOUR OF
BARENTS SEA HARP SEALS
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The Barents Sea population of harp seals (Phoca groenlandica) counts in the order of
600,000 animals, and represents an important component of the Northeast Atlantic
marine ecosystem. The current study was undertaken to determine for the first time the
seasonal migratory pattern, feeding areas and potential prey of adult Barents Sea harp
seals by use of satellite tracking. In early May 1996, just after moulting in the White
Sea, ten harp seals were equipped with head-mounted 0.5 W satellite-linked dive
recorders (Wildlife Computers, Redmond, WA).

The longest individual track obtained was 309 days, while average life-time of the tags
was 237135 (SD) days, excluding two transmitters that were lost after less than 10 days.
After release at 68.4°N and 42.6°E the seals immediately moved out of the White Sea and
migrated northwest into the shallow Barents Sea (max depths 300-400 m), before they
dispersed along the southern extension of the polar pack ice from 5°W to 87°E in July
and August, in periods reaching as far north as 82°N. While the seals spent much of the
time in close association with the pack ice, frequent foraging trips were made into open
water of the Barents Sea.

In late autumn and early winter, when pack ice was distributed further south, the seals
gradually moved south as well. Data on more than 134,000 dives showed that there are
both seasonal and regional changes in dive activity and depths. In the period May-August
50-70% of dives were shallower than 50 m, while in September - October, 30-40% of
dives were within this range. Still, a rather large fraction of dives were deeper than 100
m (15-51%) and 200 m (6-28%), indicating that both pelagic and benthic prey are
important food for harp seals. It is concluded that Barents Sea harp seals within one
yearly cycle are distributed over vast areas, covering parts of the Norwegian Sea and
Kara Sea and all of the Barents Sea, and that the distribution and dive depths overlap
with ecologically important and commercially interesting fish species like herring, capelin
and cod.
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MIGRATION PATTERNS OF FIN WHALES, BALAENOPTERA
PHYSALUS: SHAKY OLD PARADIGMS AND LOCAL ANOMALIES
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Pelagic habits during both feeding and breeding cause fin whales to be among the least
known of all mysticetes, as far as their migration patterns are concerned. According to
common knowledge, fin whales migrate seasonally between localised, high-latitude
summer feeding grounds and widely dispersed, warm-temperate and tropical winter
breeding grounds. However, acoustic data collected in the North Atlantic from
deep-ocean hydrophone arrays provide some differences with the traditional paradigm
based on whaling records and visual surveys. Although a southward migratory flow
during fall and a northward flow in spring are discernible in the acoustic data on either
side of the Northern Atlantic, during winter whales are heard throughout the entire basin.
Furthermore, acoustic activity is consistently intense in high latitudes (e.g., Norwegian
Sea) from September through April when animals are traditionally thought to be in lower
latitudes.

Fin whales in the Mediterranean, which are considered a separate, resident population on
the basis of genetic data, concentrate during summer in few highly productive localities to
feed, whereas their winter distribution remains unknown. However, there are reports of
high acoustic activity during the winter months. We suggest that during their winter
breeding season Mediterranean fin whales may disperse over a wide range encompassing
most of the basin, possibly maintaining social contact throughout the entire area by
means of high-intensity, low-frequency vocalisations. However, unlike the oceans, the
peculiar Mediterranean environment may provide whales opportunities for extending their
breeding activities in summer, and their feeding activities in winter. It is thus not
unlikely that fin whales in the Mediterranean have adapted to a more permissive
environment by modifying their ecology, behaviour and reproductive physiology.

Clearly, more information is necessary on population and reproductive ecology,
bioacoustics, feeding habits, and energetics of fin whales to fully understand the
mechanisms shaping their complex distribution patterns, and to account for the many
observed deviations from the "norm". We suggest that studies of the behavioural
ecology of the year-round accessible, yet possibly aberrant Mediterranean fin whales may
provide useful insight on such mechanisms, and on the ways in which the animals have
adapted to varying and diverse environmental conditions.
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ANTIPREDATOR BEHAVIOUR OF HERRING SCHOOLS DURING
KILLER WHALE ATTACK IN NORTHERN NORWAY

L. Ngttestad! and B.E. Axelsen?
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Antipredator strategies of Norwegian spring spawning herring (Clupea harengus L.)
during repeated attack from killer whales (Orcinus orca L.) were studied in November
1993 in the herring’s main overwintering area in Tysfjord, northern Norway. Predator-
prey interactions were mapped using a high {requency multibeam sonar. This is one of
the first field studies to apply sonar in studying behavioural relations between marine
mammals and fish. The schools’ repertoire of predator avoidance strategies included
Tight ball, Bend, Dive, Split, Join, Hourglass, Vacuole, Herd and Fountain.
Antipredator behaviour was dependent on size, relative density and shape of schools, in
addition to the number and co-ordination of predatory killer whales. Functional
explanations for the observed behavioural responses during killer whale attack are given.

NOTES ON ECOLOGY OF THE MEDITERRANEAN KRILL, A MIRROR
OF THE BEHAVIOUR OF MEDITERRANEAN FIN WHALES

L. Orsi Relini, G. Relini, G. Palandri, M. Relini, F. Garibaldi
C. Cima, G. Torchia and C. Costa

Instituto di Zoologia, Laboratori di Biologia Marina ed Ecologia Animale,
Universiti di Genova, Via Balbi, 5, 16126 Genova, Italy

The western part of the Ligurian Sea (Western Mediterranean) is known to be an area of
abundance of the Euphausiid shrimp (Meganyctiphanes norvegica) and of summering of
fin whales; the feeding of the whale on this krill was repeatedly verified by analysis of
faecal residues. Autoecological characteristics of the Mediterranean krill are significantly
different from those of the North Atlantic (the same is probably true for the harvesting
strategies of its consumers): M. norvegica lives in a temperate tropical range of
temperatures (12.8-25°C), reaches very deep walers (500-900m during the day) and
spawns in winter. Its horizontal distribution is scarcely known and a progress in this
direction would be useful to a better understanding of the behaviour of fin whales, at
least in terms of their seasonal displacements. In the period 1990 - 1994, by several R/V
surveys, a large scale sampling of M. norvegica was performed in the Ligurian-
ProvenAal basin. Seasonal patterns of relative abundance in terms of volumes in IKMT
hauls were ascertained along four transect, which covered an area of about 8000 square
nautical miles. The size structure of the catches was recorded in single stations in
different seasons. An important biological borderline for M. norvegica was identified in
the 43°N: north of this line, the adult share of population prevails and therefore the most
relevant biomasses can be found at sea. Inside this area during distinct surveys patches of
Euphausiids could be associated with hydrological fronts and densities of large pelagic
animals, including fin whales and bluefin tuna could be related to those of the krill. It is
concluded that the area in which the whales can found a rich pasture is rather limited
(about 4,500 square nautical miles) and can therefore induce particular concentrations of
the consumers. Hence caution is suggested in evaluation of total animals per various
areas (i.e. the Western Mediterranean, the Ligurian-ProvenAal basin, etc.); in the same
time the need of protection for the pelagic resources of this area, at their different food
levels, becomes stronger.
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UNEXPECTED PREVALENCE OF COMMON DOLPHINS
OVER SYMPATRIC BOTTLENOSE DOLPHINS
IN EASTERN IONIAN SEA INSHORE WATERS
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Two sympatric communities of common dolphins (Delphinus delphis) and bottlenose
dolphins (Tursiops truncatus) were studied from 1993 to 1996 in the coastal waters
adjacent to the Greek island of Kalamos. Ad libitum surveys were conducted from June

to October in an area of approximately 500 km2, totalling 183 days spent at sea.

Although the common dolphin has reportedly declined in several portions of their former
Mediterranean range during recent times, common dolphins in the study area were
encountered twice as frequently as bottlenose dolphins. Both species were consistently
observed in the same inshore waters, but mixed groups were rare. We spent 74% of the
total observation time (327 h) with common dolphins, 24% with bottlenose dolphins,
and 2% with groups including both species. A total of 100 common dolphins and 25
bottlenose dolphins were photoidentified by means of long-term natural marks on their
dorsal fins. Most individuals of both species were consistently resighted across the study
period, and showed a high level of site fidelity during the summer.

Photo-identification data analysis also indicate that the common dolphin community was
larger than the small and rather discrete bottlenose dolphin community. Common dolphin
groups averaged 10.2 individuals, with a mode of 5, while bottlenose dolphin groups
were significantly smaller (mean 6.4, mode 3).

According to the current scenario on the status of the common dolphin in the
Mediterranean Sea, the predominance of this species over the opportunistic and wide-
spread bottlenose dolphin is surprising. Therefore, the study site provides remarkable
opportunities to conduct comparative research that may shed light on the causes that
determined the decline of the common dolphin in other Mediterranean areas, where other
cetacean species are still regularly found.
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CHARACTERISTIC OF FIRST FEEDING TRIP OF NORTHERN FUR
SEAL FEMALES ON THE BERING ISLAND, KAMCHATKA, RUSSIA

A. 1 Stus and A. L. Boltnev
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The northern fur seal population on Commander Is. in 1950-90 increased or was stable
while on Pribilof Is. (USA) and Robben Is. (Russia), it declined. The study of foraging
ecology and feeding behaviour is important to understand differences in population
terends of northern fur seals. Foraging behaviour during the first trip to sea after
parturition was investigated for 15 known aged females of northern fur seals on Bering
island in 1995. Females spend on shore after parturition an average of 5.87 days
(SD=1.77). Time onshore of females correlated with their age (p<0.05) and pup sex
(p<0.001). Most females have left shore for a trip to sea at night and were back during
day or night. The feeding trip duration of females was 5.23 days (SD=1.68).

There was a negative correlation between feeding trip duration and mother’s mass (r = -
0.47; p<0.05) for both sexes offspring and mother’s age (r = -0.45; p<0.05) for female
pups only. Daily mass loss during period from parturition to end of first trip to sea were
0.31 kg for mothers of female pups and 0.51 (p=0.005) for mothers of male pups.

In contrast to northern fur seal females on Pribilof Is., females on the Bering Is. have a
shallow diving pattern. They are diving at night only and have a maximum depth dive of
153 m. The average depth of dives for all females was 11.3 m. During feeding trips,
females have 7-8 diving series with 143 dives into each series. Females spend 23% of
time for feeding diving, 45.8% of time for resting, and 31.2% of time for swimming and
other behaviours during feeding trip.

We found a negative correlation between female age and time of rest after dives at sea (r
=-0.47; p<0.05) and a positive correlation between "bottom time" and female age (r=
0.62; p<0.05), and "bottom time" female mass (r = 0.49; p<0.05). Most females are
feeding in the pelagic waters of the Bering Sea approximately 200-300 miles to the north
of the Commander Islands.
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STUDIES OF RINGED SEALS (PHOCA HISPIDA) FEEDING HABITS
IN THE BARENTS SEA AND POSSIBLE NICHE OVERLAP WITH
HARP SEALS (PHOCA GROENLANDICA)
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Feeding ecology studies of Barents Sea ringed seals (Phoca hispida) and harp seals
(Phoca groenlandica) were carried out in the North-eastern Barents Sea in October 1995.
A simultaneous acoustic survey, aimed to estimate the abundance of potential prey items,
was conducted concurrently with the sealing activities. A total of 18 and 27 harp and
ringed seals, respectively, were included in the feeding study.

Of the 18 harp seals sampled, food was mainly found in the intestines. A minimum of
five prey categories were identified, with polar cod (Boreogadus saida) and the amphipod
Themisto libellula being the most frequent. Some T. libellula was found in stomachs,
whereas polar cod dominated in the intestines. In terms of calculated fresh prey biomass
polar cod contributed 62% to the intestinal contents, T. libelulla 20% and snailfish 11%
(Liperidae).

None of the 27 ringed seal stomachs/intestines sampled were empty. Nine identified prey
species occurred in stomachs and two in the intestines. Dominant prey items in stomachs
were polar cod and T. libellula. Polar cod was also the most abundant prey item in the
intestines. In terms of calculated fresh biomass, 7. libellula contributed with 81% of the
intestinal contents, when polar cod was the only other identified prey item. Applying the
same index to stomach remains, it appeared that polar cod contributed with 87 % of the
biomass.

Pianka’s measure of niche overlap (Oj) was used to quantify a prospective niche overlap
between the two seal species. Calculated biomass values were the basis for calculations.
Niche overlap was observed between the ringed, and harp seals, in that the two seal
species exploit 90% of the same resources. A significant niche overlap between the two
seal species in the examined area is therefor suggested.
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