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1. INTRODUCTION
Sarah J. Dolman1,2 and Colin D. MacLeod2
1

WDCS, Brookfield House, 38 St Paul Street, Chippenham, Wiltshire, SN15 1LJ, UK
sarah.dolman@wdcs.org; 2School of Biological Sciences (Zoology), University of Aberdeen,
Tillydrone Avenue, Aberdeen, AB24 2TZ, UK

Deep diving species are among the most difficult cetaceans to study. The deep diving
and offshore nature of cryptic species that include beaked whales (Ziphiidae) has led
to the belief that they are rare. Strandings have provided much of the available
information. However, there are many aspects of their biology that cannot be studied
from stranded animals. The deep-diving foraging nature of beaked whales means that
they spend considerable time foraging at depth with only limited periods resting at the
surface. Further, beaked whales provide limited visual cues, and at greater distances,
identification at sea to species level is difficult. These factors provide a unique
challenge to studying many aspects of their ecology, including assessing population
abundance and species distribution. Despite these challenges, a number of studies are
underway in Europe as well as globally.
The objective of the workshop was to bring together researchers with field data on
beaked whales with the aim of sharing knowledge to improve our understanding of
beaked whales. A number of long-term data sets have been compiled based on
stranding data and extended field studies. In addition, a recent increase in the global
study of beaked whales has occurred, primarily due to concerns surrounding
anthropogenic noise pollution. This workshop presented both long-term and new field
studies of beaked whales. In addition, whilst there was an inevitable focus upon
anthropogenic noise pollution, the workshop identified key threats that beaked whales
face. Further, it examined important research and conservation goals, and how
integrated research and policy implementation may help to address these.
The workshop was convened on Thursday 26th April at the Aquarium in Donostia,
San Sebastián, Spain, in association with the 21st Annual Conference of the European
Cetacean Society, and organised by Sarah Dolman and Colin MacLeod. The
workshop ran from 9am to 1.30pm. It consisted of nine invited talks and submitted
presentations, with time for questions between talks and some discussion before the
meeting closed.
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2. UNDERSTANDING THE IMPACTS OF HUMAN ACTIVITIES ON
BEAKED WHALES: FROM INDIVIDUALS TO SPECIES, AND FROM
LOCAL TO GLOBAL
Colin D. MacLeod
School of Biological Sciences (Zoology), University of Aberdeen, Tillydrone Avenue,
Aberdeen, AB24 2TZ, UK c.d.macleod@abdn.ac.uk

INTRODUCTION
Beaked whales are deep-diving, oceanic species about which relatively little is known
by comparison to many other cetacean species. Indeed, even basic aspects of beaked
whale biology such as species range, longevity or even the number of species, remain
unclear. This lack of knowledge about their biology, as well as their oceanic
distribution and associated difficulties in undertaking scientific studies upon them, has
meant that, until recently, little consideration has been given to how human activities
may affect beaked whales. In particular, prior to around 1990, the only issue which
was widely considered in terms of anthropogenic impacts on beaked whales was
whaling, and this was focused on a relatively small number of species (e.g. the
northern bottlenose whale, Hyperoodon ampullatus – Mitchell, 1977), and in 1991 all
beaked whale species were classified as insufficiently known on the Red Data Book
listing (Klinowska, 1991).
Since the 1990s, there has been a growing interest in conservation concerns for
beaked whales, partly due to an increase in our knowledge about them, associated
with the introduction of novel study techniques and the initiation of an increasing
number of field studies, and partly due to the identification of negative interactions
between some military activities and beaked whales (e.g. Simmonds and Lopez, 1991;
Frantzis, 1998). However, to date much of the investigation of conservation efforts
has concentrated on such interactions with military activities and, specifically, on the
local impacts of mid-frequency sonar. The aim of this study is to investigate how this
issue fits into beaked whale conservation as a whole, and to assess how a number of
known, or potential, impacts from human activities compare in terms of the ‘level’ at
which they affect beaked whales and our current knowledge of beaked whale ecology.
Through this, it is hoped to place beaked whale conservation in a wider context in
terms of the number of issues considered, and the demographic and geographic scope
of the issues, and to help identify what type of information we require in order to fully
assess and mitigate adverse effects on beaked whales.
Potential ‘Levels’ Of Human Impacts On Beaked Whales
The way that human activities affect other organisms can be examined from a number
of inter-connected angles ranging from animal welfare to global ecosystem
functioning. For this study, two specific angles will be considered. These are
demography and geographic space. In both cases, impacts can occur at a number of
different (and non-exclusive) ‘levels’, and understanding how an impact may affect
beaked whales at all of these levels is essential in terms of fully understanding how
human activities may affect beaked whales. In terms of demography, beaked whales
can be affected at the level of individuals, local aggregations (groupings of interacting
but not necessarily isolated individuals), reproductively isolated populations, and
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species. In terms of geographic space, beaked whales can be affected at the local,
regional, and global levels. Each combination of each level represents a different type
of conservation challenge, and by comparing different impacts across all of these
combinations, it allows an assessment of how different human impacts compare in
terms of conservation concerns.
Examples of Known and Potential Human Impacts on Beaked Whales
There are a number of known or potential human impacts on beaked whales. These
include:
1. Mid-Frequency Sonar: Mid-frequency sonar is known to result in the death of
individual beaked whales and cause multiple stranding events. However, the
number of events specific to the use of mid-frequency sonars remains low
(although possibly under-reported). Given current knowledge of this issue, midfrequency sonar is primarily known to affect beaked whales at the demographic
levels of the individual and local aggregations, and the local and regional
geographic levels (Table 1). It is currently unknown whether and how midfrequency sonar affects beaked whales at other demographic, such as species or
reproductively isolated populations, or geographic, such as global, levels.
Table 1:

Global
Regional
Local

Geographic Levels

Individuals

Demographic Levels
Reproductively
Local
isolated
Species
Aggregations
populations
3

3

3

1,4,7

2,5,7

3,5,7

3

1,4,6,7

1,2,4,5,6,7

2,4,5,7

2. General Noise Pollution: As with many other cetaceans, there is the potential for
noise produced by a wide variety of human activities to affect beaked whales either
directly (i.e. cause actual physical harm) or indirectly through interference with
natural usage of sound. Given current knowledge of this issue, general noise
pollution would primarily be expected to affect beaked whales at the demographic
levels of local aggregations and potentially small reproductively isolated
populations with limited ranges, and the local and regional geographic levels
(Table 1). It is currently unknown whether and how general noise pollution may
affect beaked whales at other demographic, such as individual or species, or
geographic, such as global, levels.
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3. Climate Change: Global climate change is likely to result in a number of changes
to the world’s oceans and, as with all other cetacean species, these changes are
likely to affect beaked whales in a variety of ways (not all of which will
necessarily be negative). Of particular concern here are species with restricted
ranges or those limited to cooler waters, and there is preliminary evidence that
such impacts may already be occurring for some species (e.g. northern bottlenose
whales – MacLeod et al., 2005). Given current knowledge of this issue, climate
change would primarily be expected to affect beaked whales at the demographic
levels of local aggregations, small reproductively isolated populations and species,
particularly those with more limited ranges and preferences for cooler waters. In
terms of geographic levels, climate change would primarily be expected to have
regional and global level affects (Table 1). It is currently unknown whether and
how climate change may affect beaked whales at levels such as the individual
demographic level or the local geographic level, such as individual or species, or
geographic, such as global, levels.
4. Bycatch: While this may not be as great an impact as it is for other small cetacean
species, beaked whales are known to be victim to bycatch in a number of fisheries,
and as the exploitation of deep-water fisheries continues to expand, this may
increase in the future. In terms of their geographic levels, bycatch at its current
level is likely to only be a relatively local scale problem in some locations,
although at some times it may have reached regional levels (such as the NE
Seaboard of the US – Read and Wade, 2000). Whether there is a sufficient amount
of bycatch of beaked whales in a sufficient number of locations around the world
to affect beaked whales at a global level is currently unknown; however, it seems
unlikely. In terms of demographic impacts, bycatch certainly affects beaked
whales at the individual level, and in some places at some times has likely to have
been sufficiently common to affect local aggregations and potentially populations
with relatively limited distributions in some local areas. However, given its current
levels, bycatch does not seem to represent a sufficiently high threat to affect any
beaked whales at the species level.
5. Overfishing of Prey: As coastal and surface fisheries become increasingly
depleted, deep-water species are becoming increasingly the target of commercial
fisheries. Since these fisheries often occur on the high seas, they are frequently
unregulated and stocks can become rapidly depleted. The targets of some of these
fisheries include known beaked whale prey. Fisheries have the potential to have
very large effects on deep-water ecosystems through altering species compositions
and size distributions, and damaging fragile benthic communities. This damage is
unlikely to directly affect individual animals. However, the removal of potential
prey and the altering of energy flows through deep-water ecosystems are likely to
affect local aggregations and populations in areas where deep-water fishing
pressure is high. At the moment it seems unlikely that over-fishing of prey is likely
to affect any beaked whales at the species level. However, given the likely
expansion of these fisheries, affects at this level, particularly for species with
limited distributions, it may become more likely in the future, but this will require
a great deal of research in order to assess whether it is happening. Similarly, in
terms of geographic levels, over-fishing of prey is likely to affect beaked whales at
local and regional levels, particularly in areas where fishing pressure is currently
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high. However, too little is known about the extent of over-fishing of deep-water
ecosystems to assess whether this may also be a problem for beaked whales at the
global level.
6. Whaling: Some beaked whale species are still targeted, in small numbers, by
whalers. While whaling has in the past been thought to affect northern bottlenose
whales at the species level, leading to a decline in the North Atlantic throughout its
range (Mitchell, 1977), currently whaling targets sufficiently small numbers of
beaked whales (primarily around Japan) to be a conservation issue for beaked
whales at the local geographic scale, and at the individual and possibly local
aggregation levels.
7. Plastic Bags: Plastic bags and other plastic refuse are becomingly increasingly
widespread in the world’s oceans. A number of marine predators seem particularly
prone to the ingestion of such plastic items. Of cetaceans, beaked whales seem to
be particularly vulnerable, possibly due to their reliance on suction-feeding for
prey capture, and there are a number of records of beaked whale deaths due to
plastic ingestion (e.g. Poncelet et al., 2000). Some species in some regions, such as
Cuvier’s beaked whales, Ziphius cavirostris, in the northeast Atlantic, seem to
have particularly high incidences of ingestion of and death from plastic bags.
Therefore, currently plastic bags are known to affect beaked whales at the
individual level and may be of sufficient prevalence to affect some species at the
local aggregation and population levels. As yet, it does not seem likely that plastic
bag ingestion affects any beaked whales at the species level. However, this may be
a possibility for some species with limited geographic ranges close to high
concentrations of humans. In terms of geographic levels, beaked whales are known
to be affected at the local level, and some species, such as Cuvier’s beaked whale
in the northeast Atlantic, may be affected at the regional level. However, currently
the extent of plastic bag pollution and ingestion by beaked whales at the global
level is unknown and requires further research.
Comparison between Impacts
From Table 1, it can be seen that most of the impacts on beaked whales discussed
here are known or thought to affect beaked whales at lower geographic and
demographic levels such as local aggregations or individuals at specific locations
(Table 1). While it may be that these impacts do not affect beaked whales at higher
levels, it seems more likely that this is due to a bias in detecting impacts of human
activities at different levels. Specifically, it is much easier to detect and identify local
impacts on individual beaked whales (particularly if from discrete sources) than it is
to identify an impact at a regional or global scale on a whole species. Detecting the
effects of impacts at these higher levels for beaked whales is hampered by the limited
geographic scope of most current beaked whale studies and a lack of understanding of
what constitutes reproductively isolated populations for most beaked whale species.
However, while lower level impacts may be important locally, impacts at
regional/global and population/species levels may be more critical for beaked whale
conservation as a whole. Currently, climate change is the only impact known to be
operating at these levels, and there is an urgent need to find out whether and how
other impacts also have effects at higher levels.
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Key Research Areas for Assessing Higher Level Effects
Investigating how beaked whales may be affected by human activities at the higher
geographic and demographic levels is not necessarily an easy area of research.
However, there are a few key areas which will prove central to such investigations.
These are:
1. Understanding population structure of beaked whale species (e.g. How do local
aggregations interact to form populations, and populations interact to form
species?).
2. Investigating or modelling beaked whale population dynamics (e.g. What is the
effect of removing individuals?).
3. Understanding how much we can extrapolate between local aggregations,
populations, and species (making the most of what we know from well-studied
groups).
4. Better understanding of the actual ranges of individual beaked whale species
(niche-based modelling).
5. Better understanding of sub-lethal effects and spatial extent of non-discrete
activities.
Exploring these areas of research will require a shift from a relatively local scale view
of studying beaked whales to a wider-scale view that concentrates on answering such
questions. Given the inherent limitations and difficulties of studying beaked whales, it
is likely that this can only occur through collaborative efforts between researchers
working in different geographic areas and using different approaches to studying
beaked whale biology.
REFERENCES
Frantzis, A. 1998. Does acoustic testing strand whales? Nature, 392: 29.
Klinowska, M. 1991. Dolphins, porpoises and whales of the world: the IUCN Red Data Book. IUCN –
the World Conservation Union, Gland, Switzerland. 429 pages.
MacLeod, C.D., Bannon, S. M., Pierce, G. J., Schweder, C., Learmonth, J.A., Reid, R. J. and Herman, J.
S. 2005. Climate change and the cetacean community of north-west Scotland. Biological Conservation,
124: 477-483.
Mitchell, E. 1977. Evidence that the northern bottlenose whale is depleted. Report to the International
Whaling Commission, 27: 195-203.
Poncelet, E., van Canneyt, O. and Boubert, J-J, 2000. Considerable amount of plastic debris in the
stomach of a Cuvier’s beaked whale (Ziphius cavirostris) washed ashore on the French Atlantic coast.
European Research on Cetaceans, 14: 44-47.
Simmonds, M.P. and Lopez-Jurado, L.F. 1991. Whales and the military. Nature, 351:448.
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3. CUVIER’S BEAKED WHALES, ZIPHIUS CAVIROSTRIS,
IN THE BAY OF BISCAY
Jaclyn Smith1, Paul Tyler1, Colin Macleod2, Tom Brereton3 & Clive Martin3
1

School of Ocean and Earth Sciences, National Oceanography Centre, Southampton, SO14 3ZH, UK
2
jas102@soton.ac.uk; School of Biological Sciences (Zoology), University of Aberdeen, Tillydrone
3
Avenue, Aberdeen, AB24 2TZ, UK; Biscay Dolphin Research Programme, 21 Southernhay Road,
Verwood, Dorset, BH31 7AN, UK.

INTRODUCTION
Since 1995, the Biscay Dolphin Research Programme (BDRP) has carried out twicemonthly shipboard surveys between Portsmouth, UK and Bilbao, Spain using the P&O
ferry ‘Pride of Bilbao’. Over the last 11 years, 30 species have now been recorded
including Cuvier’s beaked whale, Ziphius cavirostris, G. Cuvier, 1823 (Heyning,
1989). Cuvier’s beaked whale is an elusive deep diving species that occasionally
surfaces (Tyack, et al., 2006), which makes these animals very difficult to observe.
Transect surveys across the Bay of Biscay indicate that Cuvier’s beaked whales are not
randomly distributed, however, but are strongly coupled to the large topographic
feature, the CapBreton canyon (Williams et al., 2002). It is important to study these
animals as the global population for Cuvier’s beaked whale is unknown, and in order to
assess their geographical distribution it is important to understand their habitat
preferences.
It is well known that oceanographic features are important factors determining cetacean
distribution as their prey are attracted to the increased primary productivity associated
with some of these features (Davis et al., 2002). Many studies, including the work
carried out by the Biscay Dolphin Research Program, now suggest the Bay of Biscay to
be one of the most dynamic places with regards to wildlife – both seabirds and
cetaceans. The continental shelf break and the submarine canyons in the Bay of Biscay
are prime areas for upwelling and therefore perfect viewing spots for cetaceans.
Upwelling brings deep cold water rich in nutrients, providing feeding grounds for birds
and cetaceans. Seasonality and transport off the shelf to the deep water within canyons
has an impact on the downward flux of detritus so it is assumed to be a suitable habitat
for cephalopods, fish, crustaceans, and beaked whales.
The data analysis is based upon sightings and effort data collected over 10 years on
both dedicated and non-dedicated surveys. The objectives of this study are to focus on
the spatial and temporal distribution of Cuvier’s beaked whales in the south-eastern part
of the Bay of Biscay in relation to some environmental variables.
METHODS
More than 186,000 km has been surveyed during 135 trips, from 1995 to 2006.
Standard methods were used to record the sightings, environmental, and effort data.
The time, latitude/longitude position, angle and distance of each sighting were recorded
and then corrected for effort. Effort was recorded approximately every half hour and
included sea state, course, speed, visibility, wind speed and direction, cloud cover and
swell height. It should be noted that these surveys are performed all year round giving a
fairly balanced seasonal coverage. However, the analysis of sightings has been based
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on favourable sea conditions, sea state 3 or less and the total number of animals. The
data were analysed using ArcView GIS 3.2, and by applying a GAM in the statistics
programme Brodgar, to explore the relationship between Cuvier’s beaked whale
sightings and environmental variables that included Sea Surface Temperature (SST),
depth, slope and length of time observing.
RESULTS
Spatial and temporal distribution
Throughout the last 12 years, 63 Cuvier’s beaked whale sightings have been recorded,
totalling 146 animals. Of these only 50 sightings with 119 animals were taken into
account, once corrected for sea state 3 or less. By comparison to other beaked whales,
Cuvier’s beaked whale appears to be the most abundant and stable species over time.
Cuvier’s beaked whales are distributed predominantly in waters overlying the
CapBreton canyon in the south-eastern corner of the Bay of Biscay. The CapBreton
canyon stands out as an important area for cetaceans in the Bay of Biscay, in particular
for beaked whales; Cuvier’s beaked whale, Sowerby’s beaked whale, Mesoplodon
bidens, and northern bottlenose whale, Hyperoodon ampullatus as well as sperm whale,
Physeter macrocephalus. Interestingly, the non-dedicated surveys show Cuvier’s
beaked whales to be distributed over an area on the northern slopes of the continental
shelf, but in lower numbers.
The results indicate that these animals are seasonally distributed in the Bay of Biscay,
being more abundant during the spring months, with a higher encounter rate at the
beginning of spring. The non-dedicated sightings demonstrate this seasonal trend much
more clearly due to a larger sample since data are collected on every trip throughout the
year. Sightings start to increase and become spread out during spring through summer
(March-August), starting off in the south over the CapBreton canyon in spring, and
progressing north in summer to the northern continental slopes. During autumn through
winter (September-February), the sightings reflect a different pattern that shows a
decrease in numbers with a more concentrated distribution over the CapBreton canyon
area. Sightings throughout all seasons are mainly confined to intermediate waters of
2000 and 3000m depth.
Seasonal distribution is noticeable when looking at group size. Group sizes range from
1-4 individuals. During the spring months the average group size is 3, whilst in the
latter season’s smaller groups of 1-2 individuals are seen, with an exception in October
when the group size is 3 or 4. Bigger group sizes seen during spring and autumn
suggest a seasonal variation in group size.
The results from the GAM found the distribution of Cuvier’s beaked whale to be
significantly correlated with water depth (chi. sq = 7.8829, p<0.019), and a preference
for intermediate water depths of 2000 and 3000m was observed. At this stage in the
data analysis, slope, SST and the length of time spent watching these animals did not
prove significant; however, for the latter variable, a positive relationship was seen,
suggesting that an increase in the time spent observing increases the chance of seeing
them.
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CONCLUSIONS
Whilst the preliminary results are based upon an ongoing research project, three
conclusive points can be made. Firstly, Cuvier’s beaked whales are spatially distributed
over two specific areas within the Bay of Biscay. Secondly, they show a seasonal
distribution in these two areas, and lastly they prefer deep waters greater than 2000m
but less than 4000m. In order to assess distribution relative to these environmental
variables, plus others that did not prove significant, the size of the study area and other
sightings records will be investigated to obtain conclusive results. The casual data
collected on non-dedicated surveys will be better for doing this comparison as the
sample size is much greater.
REFERENCES
Davis, R.W., Ortega-Ortiz, J.G., Ribic, C.A., Evans, W.E., Biggs, D.C., Ressler, P.H., Cady, R.B.,
Leben, R.R., Mullin, K.D. and Wursig, B. 2002. Cetacean Habitat in the Northern Oceanic Gulf of
Mexico Deep-Sea Research I, 49: 121-142.
Heyning, J.E. 1989. Cuvier's beaked whale Ziphius cavirostris G. Cuvier, 1823. Handbook of Marine
Mammals, Vol. 4. River dolphins and larger toothed whales. (Eds. S.H. Ridgway and R.S.E. Harrison).
London: Academic Press.
Tyack, P.L., Johnson, M., Aguilar Soto, N., Sturlese, A. and Madsen, P.T. 2006. Extreme Diving of
Beaked Whales. Journal of. Experimental Biology, 209:4238-4253.
Williams, A.D., Rogers, A., Santos, B.M. and Brereton, T. 2002. Association between Beaked Whales
and Deep Sea Canyons. In: Challenger Society for Marine Science (Ed.). Challenger Center
Conference: Marine Science 2002, Plymouth Book of Abstracts.
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4. TOWARDS AN ACCOBAMS COLLABORATIVE EFFORT TO MAP
HIGHLY USED AREAS BY BEAKED WHALES IN THE MEDITERRANEAN
Ana Cañadas
ALNITAK, Nalón 16, 28240 Hoyo de Manzanares, Madrid, SPAIN alnitak.ana@cetaceos.com

Recalling ACCOBAMS’s purpose to reduce threats to cetaceans in the region and to
improve our knowledge of these animals, the Fourth meeting of the Scientific
Committee of ACCOBAMS (Monaco, November 2006) addressed the issue of the
impact of anthropogenic noise on marine mammals in the Mediterranean Sea, further
considering that the relationship between atypical mass strandings and military
manoeuvres has already been proven in several parts of the world, including the
Mediterranean (the last reported case of atypical mass stranding in Almería, Spain, in
January 2006).
In the specific case of Cuvier’s beaked whales, Ziphius cavirostris, it was stressed that
information on their distribution and habitat use in the Mediterranean is of
fundamental importance for preventing further events of injury and death. Therefore,
the Committee agreed that appropriate information on distribution and habitat use of
Cuvier’s beaked whales in the Mediterranean should be made available to interested
parties (national Navies, NATO, seismic exploration companies etc.) to prevent the
use of high intensity noise in potential high density or highly suitable areas for this
species.
Unfortunately, as stated in the Red List assessment developed for the Mediterranean
and Black Sea Cetacean Assessment Workshop (March 2006), appropriate data on
distribution and relative (or absolute) abundance of Cuvier’s beaked whales in the
Mediterranean are lacking. Therefore, the Scientific Committee agreed that a habitat
use modelling exercise (e.g. see Cañadas et al., 2005) should be attempted for the
Mediterranean Sea (or, at least, for the areas where enough survey effort has been
carried out to some extent), and Ana Cañadas was designated to co-ordinate this effort
and undertake the analysis.
The modelling initiative is a collaborative effort with all those holding suitable effort
and sightings data in the area. This represents an important step forward in two main
ACCOBAMS actions: the preparation of the basin wide survey, and the development
of the ACCOBAMS sightings database. In other words, this exercise could also serve
as a ‘test’ for the running of a sightings and effort database at the regional level. In
addition, it will require the creation of grids of cells for the entire area, and the
collection of appropriate environmental covariates, and it will provide very valuable
information for the design of the basin-wide survey.
With the aim of ensuring the mutual exchange of information and data, leading to the
dissemination and publication of scientific information, a Memorandum of
Understanding was prepared, stating the ownership of the data (which remains with
the data providers), allowing the coordinator to perform the analysis, and stating the
co-authorship for any outcome in the form of reports and/or publications is being
signed between ACCOBAMS and the data providers (Table 1).
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Table 1. Data availability
Source
Tethys Research
Institute
Pelagos Institute

Base
Italy

Survey area
Ligurian Sea

Greece

Hellenic Trench

GREC

France

CRC - Marineland

France

IFAW

UK

Oceana

Spain

Barbara Mussi

Italy

Tethys Research
Institute
University of
Valencia
SMRU

Italy
Spain

Alnitak

Spain

Western
Mediterranean
Western Ligurian
Sea
Southern
Mediterranean
Western
Mediterranean
Island of Ischia
(Italy)
Strait of Messina
(Italy)
Eastern waters of
Spain
Balearic Islands
(Spain)
Northern Alboran
Sea

UK

Years
1990 - 2006

1997 - 2004
2001 - 2004
2003- 2004
2006
2004 - 2006
2005 - 2006
2000 - 2002
2003 – 2006
1992 - 2006

Fig. 1 shows the effort and Fig. 2 the sightings of beaked whales accumulated by all
data provided and available for this study. The two circles show the areas for which
data will be available but have not yet been incorporated into the joint dataset.
The ownership of the data remains with the participant who will be fully acknowledged
for the contribution of data.
A final report will be prepared for the ACCOBAMS Scientific Committee, with the
authorship of all participants (data analyst and data providers). On the basis of this
report, the ACCOBAMS Secretariat will distribute advice to interested parties
(Member States, Navies, NATO, seismic exploration companies etc.).
If appropriate, the final report may be prepared for submission to a peer reviewed
journal, with the authorship of all participants (data analyst and data providers).
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Figure 1. Effort accumulated by all data providers. The circle show an area for which
data will be available for the analysis, but not yet incorporated within the joint dataset.
The box shows the area that will be included in the analysis.
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Figure 2. Sightings of beaked whales accumulated by all data providers. The circle
shows an area for which data will be available for the analysis, but not yet
incorporated within the joint dataset.
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This paper updates the Mediterranean beaked whale stranding summary that was
published in 2006, which covered strandings through 2004 (Podestà et al., 2006). The
complete list of papers from which the data were collected is reported in the
references listed in Podestà et al., (2006). This article includes new stranding events
recorded in 2005 and 2006.
Podestà et al. (2006) reviewed and documented primarily Cuvier’s beaked whale
(Ziphius cavirostris) stranding events recorded in the Mediterranean Sea, including
those that may not have been previously reported in the literature, such as those only
available in relatively inaccessible sources (e.g. local museums archives and
newspapers). This analysis of the historical literature, together with cross-referencing
and examining specimens held by regional museums, clarified a number of
inconsistent reports from earlier papers. All of the stranding sites were georeferenced; in many cases the exact latitude and longitude were not known so the georeferenced location of the beach, village or town where the stranding occurred was
used. Datasets were transferred to a Geographic Information System (ESRI ArcView
8) for validation of locations and display. The coastline and bathymetric data used for
the Mediterranean Sea is the IBCM bathymetric contours distributed by the British
Oceanographic Data Centre (BODC, UK).
We accumulated data for all beaked whales, however, the most common beaked
whale species found in the Mediterranean is the Cuvier’s beaked whale, of which we
have documented 327 stranded animals. We have 5 stranded animals of the genus
Mesoplodon. The first recorded Cuvier’s beaked whale stranding event was a skull of
a single animal in 1803 on the French coastline. We have also collected information
on events that were reported as mass strandings (2 or more animals) in the literature,
even if the carcasses were found spread over many miles of coast. In some cases,
some ‘single’ stranded animals were reclassified into one mass stranding event, based
on 2 or more animals being found stranded in a several day period and in close
proximity along the coastline. We recorded stranding events from 10 of the 20
Countries that border the Mediterranean Sea. In Fig. 1 the distribution of the stranded
animals is illustrated.
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Figure 1. Beaked whale stranding records in the Mediterranean Sea (1803-2006)

The study effort along the Mediterranean coast is extremely variable by area, and this
must be taken into account in any analysis. National networks have been operating in
France and Italy for many decades, and have stranding records that date back to the
beginning of the 19th century. The first record in Spain is nearly one hundred years
later. For other countries, records started within the first half of the 20th century. The
lack of strandings along the Northwest Adriatic indicates that this area may not be a
beaked whale habitat due to the shallow depth, as there has been relatively consistent
effort along the Italian coast. The lack of strandings on the coast of northern Africa on
the other hand may indicate a lack of effort, since many of these regions have deep
water typical of beaked whale habitat. There are little sighting data for these regions
as well.
As reported in Table 1, we divided the data into three categories: single animals only,
events with two animals, and those with three or more animals. Strandings resulting
from fishery bycatch were identified, and were not included in those events listed as
mass strandings. About 35% of all the animals stranded in Italy and about 40% of
those stranded in Greece were included in mass standing events of three or more.
Stranding events consisting of three or more animals occurred in four countries out of
the ten from which we have data.
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Table 1 - Number of animals and number of stranding events by Country. Strandings
of 1 and 2 animals include bycatch
Country

Total animals

Strandings of 1

Strandings of 2

Strandings of 3+

Italy

129

80

2

6 (45 animals)

Greece

88

39

7

Spain

42

36

1

6 (35 animals)
1 (4 animals)

France

35

27

2

1 (4 animals)

Algeria

13

9

2

Turkey

7

5

1

Israel

6

6

Croatia

5

5

Albania

1

1

Malta

1

1

Total

327

209

15 (30 animals)

14 (88 animals)

Figure 2. Strandings of two (yellow dots) and of three or more animals (red dots)
Mass strandings of three or more animals have primarily occurred in the two main
areas - the Ligurian and the Ionian Seas (Fig. 2). In the Ligurian Sea, there were five
events of three or more animals; four of these events occurred on the north-western
Italian coastline in the 1960s (three in one year), and one occurred on the northern
coast of Corsica about 10 years later. There have been no mass stranding events of
three or more in this region since 1974, although there have been many sightings as
recorded in surveys conducted in recent years.
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Figure 3. Strandings distribution and slope gradient

It is difficult to use strandings data to determine the distribution of animals. However,
geo-referencing of the data coupled with known bathymetric features in a region can
give an indication of where there is a probability of finding beaked whales. Fig. 3
shows the slope gradient derived from 1 degree bathymetric contours (GEBCO). The
lighter regions indicate high slope gradient; the dark line is the 1000 m contour. The
distribution of the stranding locations shows that most strandings of Cuvier’s beaked
whales occur near regions with steep slopes, which is consistent with known
sightings.
Only five Mesoplodon specimens have been reported stranded in the Mediterranean
Sea. One animal reported as Sowerby’s beaked whale (M. bidens) stranded in Italy in
1927, but it was not preserved and no clear species description was given. Based on
the morphological description provided, it was certainly not a Cuvier’s beaked whale
[‘the teeth are not on the tip of the lower jaw’]. A Blainville’s beaked whale (M.
densirostris) stranded in Spain in 1980. The first finding of a Gervais’ beaked whale
(M. europaeus) stranding in Mediterranean waters occurred on the Italian coastline in
2001. Anecdotal evidence reports the presence of two beaked whales stranded alive
and subsequently released along the coasts of the French Riviera. These whales
belonged to the genus Mesoplodon, but no further identification was possible based
on the collected evidence. These strandings indicate the presence of Mesoplodon in
the Mediterranean. However, no sightings data are available for this genus.
We have documented 238 Cuvier’s beaked whale stranding events consisting of 327
animals in the Mediterranean Sea over a 204-year period. Of these, 209 events
consisted of a single animal, 15 events consisted of two animals and the remaining 14
events consisted of three or more animals for a total of 88 animals, which represents
about a quarter (27%) of the total animals. The geo-referenced stranding locations
generally occur when regions of steep bathymetry are close to the coast.
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Ongoing field studies of Cuvier’s, Ziphius cavirostris, and Blainville’s beaked
whales, Mesoplodon densirostris, around the main Hawaiian Islands address aspects
of the biology and ecology of these species. These include: 1) diving behaviour, using
suction-cup attached time-depth recorders (Baird et al., 2006a, b); 2) population sizes,
using capture-recapture methods with photo-identification data; 3) habitat use, using
GIS analyses of effort and sighting data; 4) trophic ecology, using stable isotope
analyses of biopsy samples, genetic determination of prey from faecal samples, and
direct collection of prey items; 5) site fidelity/movements, through long-term photoidentification, short-term VHF radio tracking, and medium-term satellite tagging; 6)
social organisation, through analyses of associations based on photo-ID data and
observations of behavioural interactions; and 7) population structure, through genetic
analyses of biopsy samples, satellite tagging, and photo-identification.
Directed survey effort around all the main Hawaiian Islands has been ongoing since
2000, with 38,434 km of trackline surveyed through 2006. Cuvier’s beaked whales
are the seventh-most frequently encountered odontocete (1.27 sightings per 1,000 km
off the island of Hawai‘i), representing 3.4% of all odontocete sightings. Blainville’s
beaked whales are tied for the eight-most frequently encountered odontocete (0.86
sightings per 1,000 km off the island of Hawai‘i), representing 2.8% of all odontocete
sightings.
Capture-recapture estimates of population size take into account correction factors for
the proportion of marked animals in the populations. Mark change rates are low, and
numerous “marks” for each individual are considered (McSweeney et al., 2007); thus
the likelihood of missing matches is low. Models run to date are closed population
models, assuming no births, deaths or permanent migration occurs. While these
assumptions are likely not true, there is no information available on birth or death
rates, or permanent migration. Spatial heterogeneity of sampling has been minimized
in recent years, and movements of individuals have been documented over the entire
study area (McSweeney et al., 2007), suggesting that spatial heterogeneity of
sampling likely does not strongly bias the estimates. Each individual was classified as
“not distinctive”, “slightly distinctive”, “distinctive” or “very distinctive”. Only those
classified as distinctive or very distinctive were considered “marked” in the analyses.
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For Cuvier’s beaked whales, based on 22 groups, the proportion of individuals per
group that were marked averaged 0.985 (CV = 0.07). For Blainville’s beaked whales,
based on 20 groups, the proportion of individuals per group that were marked
averaged 0.89 (CV = 0.19). For Cuvier’s beaked whales, Petersen capture-recapture
estimates were undertaken for a number of pairs of years: 2003 – 2004 (estimate = 39
individuals, CV = 0.43); 2004 – 2006 (estimate = 46 individuals, CV = 0.28); 2005 –
2006 (estimate = 44 individuals, CV = 0.43); and pooled 2003/2004 versus 2005/2006
(estimate = 55 individuals, CV = 0.26).
Correcting for the proportion of marked individuals in the population results in a point
estimate of 56 individuals (using the pooled 2003/2004 versus 2005/2006 data). For
Blainville’s beaked whales, Petersen capture-recapture estimates ranged from 73
individuals (CV = 0.34) for 2003 – 2004, to 83 individuals (CV = 0.48) for 2005 –
2006. Using pooled 2003/2004 and 2005/2006 data, the estimate of the number of
marked individuals in the population was 125 (CV = 0.30). Correction for the
proportion of marked individuals in the population results in a point estimate of 140
individuals.
Despite the limitations of the analyses, it is clear that these populations are relatively
small. For Blainville’s beaked whales, there is some evidence of sampling both an
island-associated population and an offshore population. From directed efforts, 17
groups were identified in depths from 456 – 3,200 m between 2002 and 2006. The 14
shallowest groups (observed in depths ranging from 456 to 1,593 m) had an average
of 67% of the individuals seen more than once (SD = 0.31), and all of these groups
had at least one individual seen more than once. The three deepest groups (1,783 to
3,200 m) had no individuals re-sighted.
Studies of trophic ecology are ongoing, but preliminary analyses of stable isotopes
indicate that Blainville’s beaked whales feed at a higher trophic level than do shortfinned pilot whales, despite their use of similar habitats and their similar preferences
for feeding primarily on cephalopods.
Satellite tagging of four beaked whales, one Cuvier’s, and three Blainville’s, was
undertaken in 2006. Locations of the Blainville’s beaked whales were received for
periods of 15, 17 and 23 days after tag deployments. All three individuals remained
near the island of Hawai‘i during the period locations were received, although all
three left our study area off the west coast of the island, moving to the northern tip of
the island (all three individuals), and one individual moved briefly off the eastern side
of the island.
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ABSTRACT
In the Canary Islands, 11 mass strandings of beaked whales have currently been
reported, and at least six were coincident, both temporally and spatially, with naval
exercises. The specific mechanism that caused these strandings is still not completely
clear, partly due to the scarce knowledge about the ecology and biology of these
species. Since the early 1980s, the Society for Study of Cetaceans in the Canary
Archipelago (SECAC) has carried out a long-term cetacean stranding program. Until
now, 87 beaked whale strandings have been recorded along the coast of the Canary
Islands, with a total known of 119 animals from six species: Cuvier’s, Ziphius
cavirostris, Gervais’, Mesoplodon Europeaus, Blainville’s, M. densirostris, True’s,
and Sowerby’s beaked whale, M. bidens, and the northern bottlenose whale,
Hyperooden ampullatus. Strandings of the three former species have been recorded in
all months, demonstrating a year-round presence in this archipelago. True’s,
Sowerby’s and northern bottlenose whale could be considered as occasional visitors,
with one record of each. Sex ratio by species shows a dominance of females,
representing 52% in Cuvier’s, 70% in Gervais’, and 70% in Blainville’s beaked
whale. In Cuvier’s beaked whale, the longest TL (total length) was 620 cm (n=55),
the smallest sexually mature male (SMM) was 510 cm (n=10) and the smallest
sexually mature female (SMF) was 542 cm (n=6). In Gervais’ beaked whale, the
longest TL was 462 cm (n=18), the smallest SSM was 410 cm (n=4) and the smallest
SMF was 424 cm (n=2). In Blainville’s beaked whale, the longest TL was 435 cm
(n=7), the smallest SMM was 414 cm and the smallest SMF was 417 cm (n=4). The
proportion of beaked whales encountered in mass stranding events as a percentage of
the total strandings are 29% in Cuvier’s, 45% in Gervais’ and 37%
Blainville’s beaked whales. These results reflect that mass strandings represent an
important contribution to the stranding record of the family Ziphiidae in the Canary
Islands.
INTRODUCTION
In the Canary Islands eleven atypical mass strandings of beaked whales have been
reported to date, and at least six coincided, both temporally and spatially, with naval
exercises (Martín et al., 2004; Fernández et al., 2004a, 2004b, 2005; Santos et al.,
2007; see also Jepson et al., 2003). The specific mechanism involved in these
strandings is still not completely clear, primarily due to the scarce knowledge about
the ecology and biology of these species (Cox et al., 2006).
MATERIALS AND METHODS
Study area. The Canary Archipelago is located in the African continental edge and
consists of seven islands and various islets, with a total surface area of 7,273 km2 and
a coastline of 1,500 km. Its volcanic origin explains the almost absent continental
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shelf, reaching depths of up to 2,000 metres in the channels between the main islands,
and a depth of 1,500 metres between these and the neighbouring African coast. The
oceanographic parameters are conditioned by the Cold Canary Current, the
descending branch of the Gulf Stream, and the up-welling of cold waters from the
African coast. These factors contribute to warm temperate conditions with surface
temperatures lower than the ones corresponding to these latitudes, with a range of
values that vary between 17-18º C in winter and 22-24 ºC in summer.
Canary Islands Stranding network. Since the early 1980s, the Society for Study of
Cetaceans in the Canary Archipelago (SECAC) has carried out a long-term cetacean
stranding program in the Canary Islands and in collaboration with the Instituto de
Sanidad Animal (IUSA), of the Universidad de Las Palmas de Gran Canaria
(ULPGC) since 1996. This network is logistically coordinated by the Canary
Government.
Data Collection. The study period occurred between 1980 and 2006, although the
sampling effort was not homogeneous during all years. The stranded animals were
photographed and measured, according to Norris (1961), and, whenever possible, a
post mortem analysis was performed to obtain biological information, collecting the
stomach contents, reproductive organs, epizoits, parasites, as well as tissue samples
for genetic studies. Osteological material and tissue samples of most specimens were
collected, and are kept in the collections of the Canary Islands Cetacean Museum
(MCC) in Lanzarote.
RESULTS AND DISCUSSION
Number of strandings. Until now, 87 beaked whale strandings have been recorded
along the coast of the Canary Islands, making a total of 119 animals from six species:
Cuvier’s (n=84), Gervais’ (n=22), Blainville’s (n=11), True’s (n=1), Sowerby’s
beaked whale (n=1), and northern bottlenose whale (n=1).
Year-round presence. Cuvier’s, Gervais’ and Blainville’s are the beaked whales most
commonly found in the Canary Islands. Strandings of these three species have been
recorded in all months, demonstrating a year-round presence in this archipelago.
True’s, Sowerby’s and northern bottlenose whales could be considered occasional
visitors, with one record each.
Age and sex composition. Concerning the age and sex classes in the sample, mature
animals dominate in Cuvier’s and Blainville’s beaked whale, and immature animals
(mainly females) in Gervais’ beaked whale. Sex ratio by species shows a
predominance of females, representing 52% in Cuvier’s, 70% in Gervais’, and 70% in
Blainville’s beaked whale.
Biological summary. In Cuvier’s beaked whale, the longest animal (n=55) was a 620
cm male. The smallest sexually mature male (n=10) was 510 cm long. The smallest
sexually mature female was (n=6) 542 cm. The longest fetus (n=3) was 125 cm. The
smallest calf (n=4) was 220 cm. In Gervais’ beaked whale the longest animal (n=18)
was a 462 cm female. The smallest sexually mature male (n=4) was 410 cm. The
smallest sexually mature female (n=4) was 424 cm. The longest foetus (n=2) was 87
cm and the smallest calf (n=4) 179 cm in Blainville’s beaked whale and the longest
animal (n=7) was a 435 cm female. The smallest sexually mature male (n=2) was 414
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cm. The smallest sexually mature female (n=4) was 417 cm. The longest fetus (n=1)
was 162 cm. The smallest calf (n=1) was 149 cm (35 kg). A 149 cm long and 35 kg
male was brought to a maintenance pool after stranding, where it survived for 34
hours. Its necropsy revealed an incomplete development of the organs, suggesting that
it was born prematurely.
Single vs Mass strandings. The relative proportion of beaked whales encountered in
mass strandings is: 29% in Cuvier’s, 45% in Gervais’ and 37% in Blainville’s beaked
whales. These results show that mass strandings represent an important contribution
to the stranding record of the family Ziphiidae in the Canary Islands.
Strandings vs sightings. Up to the present time, three beaked whale species have been
sighted in Canary Islands waters. Blainville’s and Cuvier’s beaked whale are most
commonly found around the islands, especially the former, which is more frequently
sighted in certain locations, including off SW La Gomera, SW Tenerife, El Hierro
and SE Fuerteventura islands (V. Martín, unpublished data). We have only six
documented sea observations of Gervais’ beaked whale (V. Martín, unpublished
data).
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An acoustic recording tag, the DTag, was used to monitor the acoustic behaviour of
individual Blainville’s beaked whales off the island of El Hierro, where they are
found year-round near the coast. DTags are suction-cup attached digital tags that
record sound up to ultrasonic frequencies, together with high resolution orientation
and depth data.
Tagged Blainville´s beaked whales foraged at depth during day and night, performing
long foraging dives averaging 45 min separated by series of shorter and shallower
non-foraging dives. The whales were silent except during a vocal phase at the deep
part of foraging dives, during which they attempted to catch an average of 30 prey per
dive at depths down to 1300 m, with little variation in swimming speed. Echoes from
the seabed, produced by the clicks of the whales while echolocating, show that
Blainville’s beaked whales forage both on mesopelagic and epibenthonic prey.
Foraging dives of these medium sized beaked whales resemble those of the much
larger sperm whales and are routinely deeper and longer than the average dives of any
other non-Ziphiid marine mammal. For these medium sized whales this implies that
dives extend beyond their calculated aerobic dive limit (ADL) and Blainville’s beaked
whales may have reduced their metabolic rate (MR) in order to minimize the diving
time during which they are obliged to use inefficient anaerobic pathways that create
an oxygen debt.
These observations from a small number of DTags seem to point to the following
model for foraging ecology in Blainville's beaked whales: this species appears to
select small- or medium-sized prey with low movement capacity; such slow, small
prey items will generally have low calorific values, but could be captured without
intense exercise, making this tactic compatible with a low MR; low MR allows
beaked whales to extend the duration of foraging dives, and so select and target a
large number of prey items. The limited data available suggest that Blainville’s
beaked whales seem to have evolved exquisite physiological and behavioural
adaptations to target a highly specialized foraging niche in the deep water ecosystem.
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INTRODUCTION
The ability to detect marine mammals in a specific area is a fundamental requirement
for the correct implementation of mitigation procedures aimed at reducing the impact
of high power acoustic sources during either civil or military operations. Passive
acoustic monitoring is one of the tools used for this task. In order to be detectable,
animals must emit acoustic signals whose time-frequency structure and repetition rate
are detectable with the used equipment. Cuvier’s beaked whale, Ziphius cavirostris, a
critical species when sonar operations are concerned, is difficult to detect. Its acoustic
features have been discovered recently by using sophisticated digital recording tags
(DTAG) developed by WHOI (Johnson et al., 2004; Zimmer et al., 2005), but
traditional sub-surface detection devices have never been proven reliable. CIBRA
developed a high quality wideband towed array with the purpose of detecting Cuvier’s
beaked whales, and tested it in an area hosting a known population. The experiment
was a success, with animals recorded after having been sighted. We thus decided to
search other recordings made with equivalent equipment in habitats where beaked
whales’ sightings had occurred or that were at least compatible with their presence.
Clicks matching the Cuvier’s beaked whale model were found on two more occasions
but with some variation from the known model based on DTAG recordings.
METHODS
In late September 2005, CIBRA participated in a NURC (NATO Undersea Research
Center) research campaign (Zifio 05) in the Ligurian Sea to study Cuvier’s beaked
whales, characterize their habitat, and possibly remotely record their acoustic signals.
The CIBRA team worked onboard the Krill, a 12 metre-long catamaran, with the
CIBRA PAM (Passive Acoustic Monitoring) equipment, based on a high quality
towed array (150m tow cable, 12 m hose, 25 m tail, 2 channels output, 100 kHz
bandwidth), connected to a wideband low-noise front-end to allow digital recording
with nearly 90 kHz bandwidth (192 kHz sampling rate).
The same equipment, but a with sampling rate of 96 kHz, was used on the cruise
CEDAR 05 across the Gulf of Lion and the Ligurian Sea in May-June 2005, aboard
the RV Endeavour.
The third detection experiment took place on a deep platform placed on the seafloor
on the east coast of Sicily, 25 km off Catania, at 2050 m depth. The platform, named
ODE, equipped with four broadband hydrophones (30 Hz-45 kHz) and connected to
the INFN labs in Catania with a fibre optic cable, allows continuous digital
transmission (96 kHz sampling, 24 bit resolution) of received sounds. The
hydrophones on the ODE acoustic module are attached to the upper part of the
platform frame, forming a tetrahedral antenna of about 1 m per side. Hydrophones
H1, H2, H4 lie in the same plane at about 2.5 m from the seabed, H3 is placed on the
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top vertex at about 3.2 m from the seabed. The 3D configuration allows the tracking
of deep moving sources (bearing and azimuth) without the distortion of the subsurface thermal layers. When the surface reflections are clearly linkable to individual
clicks, it is also possible in some cases to locate the source by using the so called
“virtual hydrophone”.
RESULTS
ZIFIO 05. On September 25th, the Krill quietly approached the location where
Cuvier’s beaked whales had been sighted by another vessel. Close to the location of
the last sighting, the team saw the blows of two animals immediately before their
dive. No other animals of any species were observed before or after this sighting. The
catamaran was stopped, the engines were turned off, and the array sank to more than
40 metres, although not in a vertical orientation (the tail weighs more than the head)
due to strong drifting conditions. A few minutes after the animals started their dive,
high frequency click trains on the real-time spectrogram display were shown
(SeaProUltra, two channels, 96 kHz bandwidth). Later, analyses on the recorded files
showed click series with features matching the description given by recent literature
based on D-TAG recording (Johnson et al., 2004; Zimmer et al., 2005), although
never matching the description given by Frantzis et al. (2002). Recorded clicks (Fig.
1) show energy between 20 and 60 kHz (a spectrum centred on 40 kHz with a slight
frequency increase within the waves packet), click duration of about 300 s, and
average ICI of 380 ms (range 370-415).

Fig. 1. Waveform of a click received on the two hydrophones of the towed array.
X-tic 500 s

Frequency centre, bandwidth, waveform, duration, repetition intervals and amplitude
variations related to head scanning movements indicate that the recording captured
the emissions of two Ziphius cavirostris, with overlapping click series. It is worth
noting that the amplitude of the clicks is not constant but oscillating, as expected by a
directional source swimming and scanning the environment with left-right movements
of the head. In such a case, the hydrophones receive the highest amplitude peaks when
in the beam axis or in other emission lobes.
CEDAR 05. On May 28th, at 5:10 pm, clicks were recorded during a series of
Cuvier’s beaked whale sightings. Other than regularly spaced clicks (Fig. 2), short
patterns of clicks (Fig. 3) with the same spectral shape were recorded from the same
direction. These clicks do not match the known model. Is this pattern part of a
repertoire still to be investigated?
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Fig. 2. 3.2 s spectrogram of clicks recorded after beaked whales were observed to
start a dive. Wideband towed array below the thermocline (x-axis 3280 ms, x-tics 80
ms, y-axis 48 kHz).

Fig. 3. 3.2 s spectrogram of clicks recorded from the same direction of the clicks
shown in the previous slide (x-axis 3280 ms, x-tics 80 ms, y-axis 48 kHz)
NEMO-ODE. Recordings made on November 27th, 2005 show clicks of unusual
amplitude. At the platform depth, 2050 m, sperm whale clicks are often received
loudly as the animals dive deeply close to the receiving hydrophones. On the contrary,
whistles and clicks from dolphins, which stay within a few hundred metres of the
surface, are recorded with much lower amplitude. The unusual clicks appeared similar
to those emitted by Cuvier’s beaked whales, with received amplitude much greater
than that of the usual dolphin clicks, indicating a deep source (work in progress) that
matches well with the known dive depths of beaked whales (Johnson et al., 2004).
The typical habitat of Cuvier’s beaked whales appears to be over sharp continental
slopes, but they have never been reported in the ODE area. However a few
strandings have been recorded on the Calabria and Sicilia coasts. The closest
strandings were in April 2006, 10 km south of Messina (Podestà et al., 2006; Podestà
et al., this volume) and 70 km north of ODE. Panigada et al. (2007) also report a few
encounters in the Messina Strait area.
Received clicks (Figs. 4 and 5) match well with DTAG data, but show larger ICIs
(Inter Click Intervals), being 460-480 ms rather than 400 ms, again with oscillating
amplitude.

34

Fig. 4. Two-channel spectrogram. Series of clicks spaced 460-480 ms, much louder
than clicks from shallow dolphins, with oscillating amplitude.

Fig. 5. A click received on the 4 hydrophones of ODE. The waveform display (xaxis 9.6 ms) shows a time length of 300 s, compatible with the click of a Ziphius
cavirostris.

DISCUSSION
According to D-TAG data, Cuvier’s beaked whales do vocalize at great depth, at high
frequency, and with a narrow emission beam. Only a small amount of energy reaches
the surface, which is why so many attempts to record these animals with traditional
sub-surface hydrophones were unsuccessful in the past. For a long time, these animals
were considered to be almost silent. This factor, coupled with their long dives and
behaviour while at the surface, contributes to their mysteriousness and has made their
distribution almost unknown.
The recordings presented here are among the first wideband recordings of Ziphius
cavirostris clicks made with a sub-surface towed array, that match DTAG data, and
may be the first ever made with a deep platform. These recordings show click series
compatible with the known model but also show variations not described elsewhere.
It is now proven that passive acoustic detection of the Cuvier’s beaked whale is
feasible. However, to develop an efficient detection system, an increase in the
detection probability is required, both through further improvement of bandwidth and
sensitivity as well as by towing the hydrophones as deeply as possible to stay near to
the depths at which the whales search for prey by using sound.
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"Being in the beam" appears to be an essential condition to get clicks with high
signal-to-noise ratio, though towing a deep sensor could be a solution for improving
the probability of off-axis detection (lower noise from the surface, closer distance
from the sources, better propagation path).
Along with technical improvements, more knowledge of the Ziphius sounds is
required to build a reliable species identification model that takes into account the
entire acoustic repertoire, i.e. all the possible variations of the basic model depicted by
the DTAG.
Results shown here prove that the development of a passive acoustic detection system
is feasible for research, conservation, and for mitigation operations in areas where the
presence of Cuvier’s beaked whales must be estimated and monitored.
In this field, research and technical developments can give strong support to
conservation.
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ABSTRACT
In recent years strandings of members of the Ziphiidae family have been closely
related to military manoeuvres. Investigating organs that can be excited by the
midrange sonars in the 3000-7000 Hz frequency range, the acoustical engineer will
look for a fluid cavity 40 cm long and for very thin bones. In the Cuvier’s beaked
whale, both things are placed together and connected to the tympanic bulla. They are
the Ziphius mandible and the mandibular fat bodies. In this study, we first present the
experimental characterization of the mandible bone as a compression wave transmitter
and then conduct a comparative study with other seven toothed whales in the waters
of Canaries which could, presumably, have been subjected to the same sonar. Finally,
the bending behaviour of the bone coupled with the fat bodies modelled by means of a
finite element program is presented. Experimental and numerical work shows that the
Cuvier’s beaked whale can be especially sensitive in this sonar frequency range.
INTRODUCTION
Members of the family Ziphiidae, unlike most other cetacean species, do not naturally
undergo massive beachings, although these have been on the rise in recent decades,
coincident with the development of tactical medium-frequency military sonar for
submarine detection. For those cases in the Canary Islands in which the deaths of
Ziphiidae have been linked with the use of military sonar, the sonar in use was of a
medium frequency, in the range of 3 to 8 kHz.
It is curious that other organs, closely related to the hearing process in these animals,
such as the lower jaw and the acoustic fat channel surrounding it, do not appear to
have received adequate attention, especially considering that the acoustic fat is in
direct contact with the tympanic bulla (Anonymous, 2001; Evans, et al., 2002). A
resonance in these components could generate discomfort, leading the animal to a
rapid surfacing manoeuvre and subsequent injury due to decompression (Aguilar Soto
et al., 2005). Moreover, it is not necessarily the first frequency that is the one to be
excited by the sonar. If we look for a structural-type resonance (flexure modes) in a
bone for frequencies from 3 to 8 kHz, the likely candidate would be a flexible bone
with thin walls. The beaked whale’s lower jaw meets these requirements. For a cavity
to resonate at the same frequencies, it must have a length of approximately 50 cm.
The acoustic fat channel of an adult Cuvier beaked whale can range between 40 and
45 cm. For the sake of comparison, we can consider the length of the middle ear
human channel, 2 to 3 cm, responsible for humans’ sensitivity in the 2 to 4 kHz range.
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THE AUDITORY PERCEPTION SYSTEM
The auditory perception system in odontocetes has been studied by different
researchers, with the papers by Norris (1968a; 1968b; 1980; Norris and Harvey, 1974)
among others, being of particular interest. We are primarily concerned with analyzing
the acoustic pathways that sound can take to reach the tympanic bulla. Figure 1 shows
a schematic cross-section of an odontocete’s lower jaw. The tympanic bulla is not
shown in its proper physical location; it is only shown to indicate that it can be excited
from the cranium or via the acoustic fat.

Figure 1. Possible sound paths to the tympanic bulla. Path A-C is investigated with
our experiment. Path A-B by means of a numerical model

The speculation is that sound can take three paths to reach the bulla. These are
represented in Figure 1. In the first path, the sound crosses the skin and fat of the
rostrum and enters the porous part of the bone (A). The excitation then propagates as
a longitudinal compression wave (C), reaching the apophysis. The vibrating jaw bone
also couples with the acoustic fat as a bending wave (B). Path (B) is important for
species with a thin bone, like the Cuvier’s beaked whale. In the present study, path AC is investigated experimentally, and path A-B by means of a numerical model. Path
D is represented in order to show that sound can reach the acoustic fat through the
oval window.
EXPERIMENTAL PROPERTIES PATH A-C
The starting hypothesis is that the lower jaw plays an important role in the
transmission of sound to the ear, due to its structural conformation and mechanical
properties. Thus, vibrations from the water to the jaw are best transmitted in the
anterior part, since this “beak” is covered by a thin layer of skin and fat, unlike the
rest of the jawbone which is coated by thick layers of blubber and other tissues.
Moreover, the porosity of the beak must allow for a good impedance matching
between fat and bone. That is why the beak is better suited to distinguishing
vibrations.
Studies of the jawbone’s elastic properties have revealed differences in texture, colour
and consistency with respect to the cranium, which suggest that not only is the
directionality in the shape of the beak decisive, but also that the bony characteristics
of the jaw may have a differentiated anatomical configuration.
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METHODS
These characteristics naturally led us to conduct an experiment in which the sharp,
front end of the jaw was submerged in water and then stimulated with different
emissions to measure the vibrations transmitted by the bone to the apophysis, which is
where the jawbone rests in the cranium, on the cartilage that makes up the joint.
Experimental settings
The need to stimulate the specimen with a wide range of high frequencies, and in a
fashion similar to that experienced in its natural environment, suggested the use of
water on the tip of the beak as the excitation medium. A hexagonal prism-shaped
container with acoustic emitters situated radially with respect to the tip of the jaw was
constructed. The design of the experimental set-up used low-frequency, flexible
elastic supports, both for the measuring instruments as well as for the bone. The
frequency of the bone support is less than 1Hz for all the samples (see Figure 2).
Due to the porosity of the bone in the apophysis, a surgical-grade screw was used to
connect the accelerometer and its support nut. The screw acted as a rigid support for
transmitting the signal to the accelerometer.

Figure 2. Experimental setup

The accelerometers used were ICP piezo-electrical, manufactured by PCB. The
accelerometer has a sensibility at 100 Hz of 0.517 mV/(m/s2), with a cross-axis
sensitivity of 1.6%. The resonant frequency is 91.0 kHz, with a frequency range
between 1 and 10,000 Hz. The accelerometer has a corresponding signal conditioner
and a low pass filter with a 10 kHz cut-off frequency. The mass of the accelerometer
plus the suspended coaxial cable is 20 g. The acquisition frequency was 30 kHz.
The experiment was carried out by first submerging the bone in water for 20 min.
Then the screw was inserted in place into the apophysis, and the beak was centred in
the water container. The emissions then began as a series of pure tones from 500 to
8,000 Hz. A measurement was taken every 100 Hz.
Specimens measured
The jawbone specimens analysed can be seen in Figure 3. The red straight line shows
how far they were submerged in water, and coincides with value B in Figure 3. Table
1 shows the corresponding measurements.

39

Figure 3. Specimens analysed. Jawbone dimensions

If the mass averaged along the length of the bone is used as the measure of
compactness, we see that the beaked whale (1) ranks fourth. The bottlenose dolphin
(5) has the most compact jawbone, as Figure 3 shows.
EXPERIMENTAL RESULTS
To characterize the behaviour of the jawbone as a transducer, its admittance, the ratio
of the speed (m/s) to the applied pressure (Pa), is used. A comparison of the measured
admittances is shown in Figures 4a and 4b). The results clearly show a higher
sensisitivity, admittance, in the jawbone of the beaked whale in some regions of the
spectrum. It presents sharp high sensitivity peaks at the 1.1, 1.5, 1.7, and 2.1 kHz
frequencies. It also presents zones that differ significantly from those of other species
in the 2.2 to 3.0 and 4.9 to 6.1 kHz ranges, with peaks at 2.6 and 5.7 kHz,
respectively. Surprisingly, in the range from 3.0 to 4.7 kHz, many of the species
depicted in Figure 4a show a similar or higher sensitivity to Ziphius.
Table 1. Jawbone data for the species analyzed

1
2
3
4
5
6
7
8

Name
Ziphius cavirostris
Grampus griseus
Globicephala melas
Steno bredanensis
Tursiops truncatus
Stenella frontalis
Stenella coeruleoalba
Delphinus delphis

Mass (g)
430.3
284.6
298.7
193.3
314.0
50.0
92.5
60.6

L (cm)
73.0
42.0
47.5
41.6
46.2
31.5
37.5
36.7

A (cm) B(cm) Mass/L
13.5
46.1
5.90
11.0
29.0
6.78
13.5
35.2
6.29
8.5
20.5
4.65
9.8
27.5
6.80
6.3
17.2
1.59
7.0
22.5
2.47
7.0
19.3
1.65

The results show a greater sensibility by Ziphius with respect to the other species
analyzed in a part of the spectrum, but not in all. Below 2 kHz and from 4.9 to 6.1
kHz, the difference is significant, and indicates an area where future research should
be intensified.
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Figures 4 a and b. Admittance for the different species analysed. In both, the
response of Ziphius cavirostris (solid red line) is included for the sake of comparison

NUMERICAL MODEL FOR PATH A-B
In this study, we have measured the elastic properties of the mandible bone and
prepared a numerical model of the coupled system (Felippa and Militello, 1990;
Bermúdez and Rodríguez, 1994; Bathe et al., 1995; Correa, 2005). The model is
solved with an ad hoc finite element program running in MATLAB. In our model,
bending of the jawbone is allowed, in contrast with other models that only assume
compressive behavior of the organs (Aroyan, 2001). In Figure 5, we show the FEM
model. The acoustic fat is enclosed by a rigid wall. The jawbone is clamped in the
apophysis and symmetry conditions are imposed at the rostrum.
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Figure 5. FEM model and specimen

MODEL RESULTS
Coupled resonance
In Figure 6, we present the more relevant coupled eigen frequencies computed. It can
be seen that the main behaviour of the mandible is bending. The mode obtained at
7305 Hz can be easily excited from the animal’s oval window.

Figure 6. Pressure in fat cavity and displacements in bone at 4199 Hz, up
(longitudinal mode), 4827 Hz, middle (transversal mode) and 7305 Hz (oval window
mode).

External pressure excitation over rostrum
An oscillating external pressure of amplitude 1 is applied over the rostrum (Fig. 7a).
In Figure 7b, we can see the pressure amplitude inside the fat cavity for an excitation
frequency of 7.3 kHz. The maximum amplitude reaches a value of 5, indicating the
possibility of pressure build up near the cochlear.
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Figures 7a and b. The green surface shows the place were an oscillatory pressure is
imposed. On the right, we have the pressure distribution for a 7.3 kHz excitation

CONCLUSION
The results show that in the frequency range from 5 to 7.5 kHz, the system
comprising the jawbone and the acoustic fat cavity, presents a considerable response
in three of the acoustic pathways already defined: paths A-C (experiment), A-B
(excitation at the rostrum) and D-B (excitation at the oval window).
The experiment shows that the jawbone is an elastic and complex structural
component, and it would be incorrect to think of it as a waveguide whose propagation
properties only depend on its density and cross sectional area.
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