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Background information

The Tethys Research Institute has conducted, as commissioned by the Direzione Generale
Protezione della Natura del Ministero del’Ambiente e della Tutela del Territorio e del Mare
(MATTM), two campaigns of satellite telemetry of fin whale (Balaenoptera physalus) in the
Mediterranean Sea, with the aim of gaining insights on the species fine scale habitat use as well as

migration patterns and routes across the Region.

In fact, although a series of research activities have already produced detailed information on the
presence, distribution, abundance, density, habitat use and diving behavior for the species, and
despite the previous tagging effort, information on movements and migrations of fin whales within

the Basin is still rather limited.

For many populations of large cetaceans, the relationship between the summer feeding and the
winter breeding grounds is unknown and mostly the subject of speculation. Gaining knowledge on
the geographic range, seasonal distribution, population structure, and migration routes is thus
essential to identify the potential detrimental effects of anthropogenic activities within the area
where those species occur. The current lack of such knowledge hampers the difficulties to develop
and implement effective mitigation measures and long-term conservation efforts of these marine

mammals within the Mediterranean Sea.

Furthermore, as strongly emphasized during the joint IWC - ACCOBAMS workshop organized in
Beaulieu-sur-Mer in September 2010, there is an urgent need to collect information on the
population structure of Mediterranean fin whales, important for the correct interpretation of the

estimates of abundance and density and to evaluate possible trends is space and time.

Finally, the activities carried out and the data collected so far are therefore not only particularly
relevant in terms of conservation and management of the species, but also central in terms of
capacity building and education. In fact, in light of the many collaborations established with
established national and international professionals and organisations, and given the high profile of
the innovative tools used, this project could contribute to the ongoing discussions within the
international scientific community on this approach to cetacean research, and represent a leading

example for the Mediterranean Region.



Data collection
Tagging tools

Two different categories of satellite transmitters were used during the first and the ongoing phase

of the project:

e Low Impact Minimally Percutaneous External- LIMPET electronic tags (Figure 1a and 1b),
originally designed for medium-sized cetaceans (such as killer whales, Orcinus orca),
applied to the whale with small anchoring systems. These tags are generally applied in the
area of the dorsal fin and are characterized by relatively minimally invasive effects, since
the instrument is of modest size and weight, and remains outside the body of the whale.

Tags are usually applied with a crossbow or air rifle.
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Fig. 1a - LIMPET tag.



Fig. 1b - LIMPET tag with deployment arrow.

¢ ‘“Implantable” tags (Fig. 2a) which penetrates with the whole cylindrical body into the
muscle tissue of the animal, with the exception of the antenna. These tags have been used
with great success with several species of large whales, including fin whales and sperm
whales. The main advantage of implantable tags lies in the larger batteries. The anchoring
system may change based on the species and to increase the period of data transmission.
They are usually deployed through a specially designed pneumatic gun (gun ARTS; Figure
2b). The plot in Figure 3 shows the average duration recorded for species marked in the

last decades using implantable tags.



Fig. 2a — Implantable tag on a sperm whale.

Fig. 2b — Gun ARTS used to deploy implantable tags.
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Fig. 3 — Mean tag longevity per species and tag model since 1993, with details on deployment
methods (after Mate et al., 2007).

Study areas

The first tagging campaign (first phase) was carried out in the waters of the Ligurian Sea, North-
Western Mediterranean Sea, in September 2012. The area (Figure 4) is one of the most productive
sectors of the Mediterranean Basin and is a well know summer feeding ground for the fin whale as
well as a region with an high occurrence of cetaceans. The whole surveyed area falls within the
waters of the Pelagos Sanctuary for Mediterranean Marine Mammals (hereafter “Pelagos

Sanctuary”).
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Fig. 4 — The study area in the North-Western Ligurian Sea.

The second campaign (second phase; ongoing) was carried out in March 2013 in the waters
surrounding the Island of Lampedusa, Sicily Channel, Central Mediterranean Sea (Figure 5). The
knowledge on the presence of cetaceans in the area is limited, but it represents one of the few

known winter feeding grounds for fin whales in the Mediterranean Sea, so far reported.

Fig. 5 — The study area in the Sicily Channel.



The area contains critical sea bird and cetacean habitats, deep sea corals, seamounts, and highly
productive, very shallow offshore banks, and it supports a high productivity and nursery areas for
several shark species as well as critical sea bird habitats. Furthermore, the area comprises
important spawning sites for charismatic species such as the bluefin tuna and the swordfish.
Therefore, the Sicily Channel has been considered and proposed as a high priority area to be
included in future conservation plans under the Convention on Biological Diversity (CBD) and the
Specially Protected Areas and Biological Diversity Mediterranean (SPA/BD).

Research platforms

For the 2012 survey in the Ligurian Sea a 18 metres sailing boat (Figure 6) was used as the main
navigation/observation platform, while a speed-boat (Figure 7) was used as the main tagging
platform.



Fig. 6 — Navigation/observation platform used in the Ligurian Sea.
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Fig. 7 — Tagging platform used in the Ligurian Sea.

The project carried out in 2013 in the waters surrounding the Island of Lampedusa was a land
based project, with daily expeditions at sea by means of a speed boat (Figure 8), as main

navigation/observation and tagging platform.
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Fig. 8 — Tagging platform used in the Sicily Channel.

Preliminary results

Fin whale tagging

During the first phase of the research project in the waters of the Pelagos Sanctuary a total of 13
non-consecutive days were spent at sea. A total of 1299 km, of which 1102 km (85%), were
travelled in positive conditions. An overall number of 53 sightings of cetaceans, belonging to four
different species were recorded: striped dolphin (Stenella coeruleoalba, n = 26, 49.1%), fin whale
(Balaenoptera physalus, n = 25, 47.1%), sperm whale (Physeter macrocephalus, n = 1, 1.9%) and
Cuvier's beaked whale (Ziphius cavirostris, n = 1, 1.9%). Figure 9 shows the tracks travelled during

the research campaign, while the locations of the sightings are shown in Figure 10.
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Fig. 9 — Tracks travelled during the research campaign in the Ligurian Sea.
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Fig. 10 — Location of the sightings recorded during the 2012 campaign (purple=striped dolphin,
red=fin whale, grey=Cuvier's beaked whale e green=sperm whale).
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In total, 8 fin whales were tagged (3 “LIMPET” and 5 “Implantable” tags). The instruments
remained on the body of the whales for a period ranging between 2 and 142 days (average 52.8
days). The implantable tags performed better than the LIMPET ones, remaining on the body of the
whales for about double the time. The tracks of the 8 tagged whales are shown in the Figures 11a

— 17a as well as the location of the tags on the body of the animals (Figure 11b — 17b).

Fig. 11a — The position of the instrument on the animal Bp Tel 04.
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Fig. 11b — The tracks travelled by the animal Bp TEL 04.

Fig. 12a — The position of the instrument on the animal Bp Tel 05.
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Fig. 12b — The tracks travelled by the animal Bp TEL 05.
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Fig. 13a — The position of the instrument on the animal Bp TEL 07.
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Fig 14a - The position of the instrument on the animal Bp TEL 15.
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Fig. 14b — The tracks travelled by the animal Bp TEL 15.

Fig. 15a — The position of the instrument on the animal Bp TEL 25.
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Fig. 15b — The tracks travelled by the animal Bp TEL 25.

Fig. 16a — The position of the instrument on the animal Bp TEL 26.
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Fig. 16b — The tracks travelled by the animal Bp TEL 26.

Fig. 17a — The position of the instrument on the animal Bp TEL 29.
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Fig. 17b — The tracks travelled by the animal Bp TEL 29.

During the first campaign of the ongoing second phase of the project in the waters surrounding the
Island of Lampedusa, 13 days were spent at sea. Unfortunately, the generally bad weather and
sea conditions, as well as the low occurrence of fin whales, only allowed the deployment of 3
satellite transmitters that remained on the body of the whales for a very short time. Figure 18

shows the tracks of the tagged whales.

Satellite transmitters were deployed between 3 and 13 March 2013, during 7 days of research
effort at sea. The three whales were marked by the inflatable with implantable tags shorter than the
ones used in the Ligurian Sea in 2013. The choice to use transmitters of different lengths was
made to evaluate the performances of different anchoring systems and to possibly further reduce
the potential impacts of the tag on the whale. The first tag transmitted for 8 days, the second one
for 4 days, while the third one remained on the whale for 13 days. Different causes may have led to
this rather scarce performances, one of them possibly being the shallow depth of the water around
the Island of Lampedusa. It can, in fact, be hypothesised that whales do touch the bottom during
dives, therefore scrubbing the tag off the body. Another cause may lay in the interactions between
different animals associated with feeding activities; whales may get close to each other and

therefore detaching the transmitter off the bodies.
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Fig. 18 — Fin whale tracks off Lampedusa Island (different colours represent different whales).

Given the small sample size of the Lampedusa campaign data, it is not possible to present any
result on the short- and mid-term movements and migration of whales in the area, therefore the

need to replicate the fieldwork in 2014 as well.

We are currently planning the field work for 2014 and in order to avoid similar situations to those
experienced in 2013, we plan to deploy LIMPET tags only. Having a higher position on the dorsal
fin and a smaller size, we are confident that interactions between the animals and with the bottom

of the sea will not cause any detachment from the animals.

On the other hand, the analyses of the movement of the 8 fin whales tagged in the Pelagos
Sanctuary highlighted the significance of this area for the species and, at the same time, showed
how the animals use a wider area than previously thought, extending their movements in the

waters of the Gulf of Lyons and in those adjacent to Spain.

Potential critical feeding areas

While at the moment it is not possible to investigate the presence of critical feeding areas for fin
whales in the Sicily Channel due to the small sample size, interesting information have been

gained for the waters of the North-Western Mediterranean Sea. Current investigation and ongoing
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data analysis show how the tagged whales remained in the NW Mediterranean longer than

expected, possibly due to the concomitance of peculiar oceanographic and climatic conditions.

An innovative approach to investigate the potential feeding habitat of fin whales in the western
Mediterranean has been developed based on the occurrence of mesoscale productive fronts that
have been identified or hypothesized to play a key role on feeding of fin whales and of other large
pelagic predators. This new innovative approach is important to fullfill and implements the
requirements under the Marine Strategy Framework Directive (MSFD) towards the establishment
of monitoring programs (by 2014), the development of conservation measures (by 2016) and the

mitigation of human-induced threats on Mediterranean cetacean populations (by 2020).

Figures 19-20 show the movements of the tagged whales overlapped to potential feeding grounds
in the NW Mediterranean Sea. Feeding habitats were determined mainly from the simultaneous
occurrence of large oceanic fronts of satellite-derived sea-surface chlorophyll content (CHL a) and
temperature (SST). Overall, fin whale potential habitat occurs frequently during summer in dynamic

areas of the general circulation, and is substantially more spread over the basin in winter.

In the following figures the tracks of some selected whales have been overlapped to areas which
can be considered as foraging habitats. In Fig. 19 one whale remains at the boundary of a
presumed feeding area in the central Ligurian Sea, between Corsica Island and the mainland;
while in Fig. 20 the tagged whale remain in a feeding area between the Balearic Islands and the
coast of Spain, at the borders of the Gulf of Lions. Particular oceanographic conditions in the area,
such as permanent frontal systems, allow high levels of upwelling events, thus making this area
particularly rich in biomass. The selected habitats are predicted over a summary of 15 days,
therefore daily specific events may go unnoticed.
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Fig. 20 — Fin whale tracks overlapped to presumed feeding habitats (1-15 November 2012)
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Ongoing and future activities

Due to the scarce results obtained during the first research cruise in the Sicily Channel, a second
expedition has been planned for the month of February-March 2014 in the same area, with the
objective of deploying more satellite transmitters. The main goal is to gain knowledge on the short-
and mid-term movements of fin whales in the region and to identify critical feeding habitas for the
species, as well as the potential to identify long-term migration routes and pattern between the
winter and the summer feeding grounds. Knowledge of these ecological parametres would
definitely help to identify, plan and improve protection measures and to implement mitigation

actions from anthropogenic threats, such as those represented by ship strikes, for example.

The intended outputs of the planned future filed work effort are:

e reports and presentation at national and international conservation meetings and
workshops
e presentations to national and international meetings and conferences

e scientific articles published in intternational journals

Capacity buildings and public awareness

The project carried out so far has been developed, planned and carried out in close collaboration
with several national and international organizations and professionals. Researchers from the
Institute for Environmental Protection and Research (ISPRA, Italy), The University of Siena (Italy),
the Institute Aqualie (Brazil), the International Whaling Commission (IWC) and the U.S. National
Oceanic and Atmospheric Administration (NOAA) are involved in all the different phases oof the
project, from data collection to data analysis. The project was also attended by French researchers
of the group GIS3M - Groupement d'Intérét Mammiféeres Scientifigue pour les Marins de
Méditerranée et leur environnement. This wide collaboration is important to deepen the current
academic discussion on this approach to cetacean research and helps to take into consideration all
the possible issues (legal, technica, ethical) strictly related to satellite telemetry. Furthermore, the
inclusion in the project of leading scientists and the use of state of the art tools for data collection
has the potential to represent a leading example within the Mediterranean Sea with important

outcomes for capacity buildings and public awareness.



26

Main scientific literature and references

Andrews R.D., Pitman R.L., Ballance L.T. 2008. Satellite tracking reveals distinct movement
patterns for Type B and Type C killer whales in the southern Ross Sea, Antarctica. Polar
Biology, 31:1461-1468.

Azzellino A., Gaspari S., Airoldi S., B. Nani. 2008. Habitat use and preferences of cetaceans along
the continental slope and the adjacent pelagic waters in the Western Ligurian Sea. Deep
Sea Research Part | 55: 229-323.

Azzellino, A., Panigada, S., Lanfredi, C., Zanardelli, M., Airoldi, S., Notarbartolo di Sciara, G. 2012.
Predictive habitat models for managing marine areas: Spatial and temporal distribution of
marine mammals within the Pelagos Sanctuary (Northwestern Mediterranean sea). Ocean &
Coastal Management 67: 63-74.

Bailey H., Mate B.R., Palacios D.M., Irvine L., Bograd S.J., Costa D.P. 2009. Behavioural
estimation of blue whale movements in the Northeast Pacific from state-space model
analysis of satellite tracks. Endangered Species Research, 10:93-106.

Baird R.W., Schorr G.S., Webster D.L., McSweeney D.J., Hanson M.B., Andrews R.D. 2010.
Movements and habitat use of satellite-tagged false killer whales around the main Hawaiian
Islands. Endangered Species Research, 10:107-121.

Baker C.S., Herman L. 1989. Behavioral responses of summering humpback whales to vessel
traffic: Experimental and opportunistic observations. Technical Report NPS-NR-TRS-89-01.
National Park Service, Alaska Regional Office, Anchorage, AK.

Balmer B.C., Wells R.S., Schwacke L.H., Rowles T.K., Hunter C., Zolman E.S., Townsend F.I.,
Danielson B., Westgate A.J., McLellan W.A., Pabst D.A. 2011. Evaluation of a single-pin,
satellite-linked transmitter deployed on bottlenose dolphins (Tursiops truncatus) along the
coast of Georgia, USA. Aquatic Mammals 37(2):187-192.

Balmer B.C., Schwacke L.H., Wells R.S. 2010. Linking dive behavior to satellite-linked tag
condition for a bottlenose dolphin (Tursiops truncatus) along Florida’s northern Gulf of
Mexico coast. Aquatic Mammals 36(1):1-8.

Bentaleb I., Martin C., Vrac M., Mate B., Mayzaud P., Siret D., de Stephanis R., Guinet C. 2011.
Foraging ecology of Mediterranean fin whales in a changing environment elucidated by
satellite tracking and baleen plate stable isotopes. Marine Ecology Progress Series,
438:285-302.

Born E.W., Acquarone M., Knutsen L.O. Toudal L. 2005. Homing behaviour in an Atlantic walrus
(Odobenus rosmarus rosmarus). Aquatic Mammals 31(1):23-33.

Burtenshaw J.C., Oleson E.M., Hildebrand J.A., McDonald M.A., Andrew R.K., Howe B.M., Macer
J.A. 2004. Acoustic and satellite remote sensing of blue whale seasonality and habitat in the
Northeast Pacific. Deep-Sea Research 11 51:967-986.

Corkeron P.J., 1995. Humpback whales (Megaptera novaeangliae) in Hervey Bay, Queensland:
Behaviour and responses to whale watching vessels. Canadian Journal of Zoology 73:1290—
1299.



27

Cotté C., d'Ovidio F., Chaigneau A., Lévy M., Taupier-Letage I., Mate B., Guinet C. 2011. Scale-
dependent interactions of Mediterranean whales with marine dynamics. Limnology and
Oceanography, 56(1):219-232.

Coyne M.S., Godley B.J. 2005. Satellite Tracking and Analysis Tool (STAT): an integrated system
for archiving, analyzing and mapping animal tracking data. Marine Ecology Progress Series
301:1-7.

Druon J.N., Fromentin J.M., Aulanier F., Heikkonen J. 2011. Potential feeding and spawning
habitats of bluefin tuna in the Mediterranean Sea. Marine Ecology Progress Series 439:
223-240.

Druon, J.N., Panigada, S., David, L., Gannier, A., Mayol, P., Arcangeli, A., Cafiadas, A., Di Méglio,
N., Gauffier, P. 2012. Potential feeding habitat of fin whale in the Western Mediterranean
Sea. Marine Ecology Progress Series, 464:289-306.

Ford J.K.B., Reeves R.R. 2008. Fight or flight: antipredator strategies of baleen whales. Mammal
Review 38, 50-86.

Garrigue C., Zerbini A.N., Geyer Y., Heide-Jgrgensen M.P., Hanaoka W., Clapham P. 2010.
Movements of satellite-monitored humpback whales from New Caledonia. Journal of
Mammalogy, 91(1):109-115.

Hart K.M., Hyrenbach K.D. 2009. Satellite telemetry of marine megavertebrates: the coming of age
of an experimental science. Endangered Species Research, 10:9-20.

Hauser N., Zerbini A.N., Geyer Y., Heide-Jgrgensen M.P., Clapham P. 2010. Movements of
satellite-monitored humpback whales, Megaptera novaeangliae, from the Cook Islands.
Marine Mammal Science, 26(3):679—-685.

IWC Scientific Steering Group (Weller D., Brownell R. Jr., Burdin A., Donovan G., Gales N., Larsen
F., Reeves R., Tsidulko G.). Progress report on the proposed research programme for
satellite tagging western gray whales in 2010. Report of IWC Scientific Steering Group, June
2010.

Jahoda M., Lafortuna C.L., Biassoni N., Almirante C., Azzellino A., Panigada S., Zanardelli M.,
Notarbartolo di Sciara G. 2003. Mediterranean fin whale's (Balaenoptera physalus) response
to small vessels and biopsy sampling assessed through passive tracking and timing of
respiration. Marine Mammal Science 19(1):96-110.

Jefferson T.A., Stacey P.F., Baird RW. 1991. A review of killer whale interactions with other
marine mammals: predation to co-existence. Mammal Review 21, 151-180.

Lydersen C., Martin A.R., Gjertz |., Kovacs K.M. 2007. Satellite tracking and diving behaviour of
sub-adult narwhals (Monodon monoceros) in Svalbard, Norway. Polar Biology 30(4):437-
442.

Mate B., Mesecar R., Lagerquist B. 2007. The evolution of satellite-monitored radio tags for large
whales: One laboratory’s experience. Deep-Sea Research Il, 54:224-247



28

Olsen E., Budgell P., Head E., Kleivane L., Ngttestad L., Prieto R., Silva M.A., Skov H., Vikingsson
G.A., Waring G., @ien N. 2009. First satellite-tracked long-distance Movement of a sei whale
(Balaenoptera borealis) in the North Atlantic. Aquatic Mammals 35(3):313-318.

P. de S. Alves L.C., Moreira S., Simdes-Lopes P.C., Andriolo A. 2010. Behavioral responses of
humpback whales, Megaptera novaeangliae (Cetacea: Balaenopteridae), to satellite
transmitter deployment procedures. Zoologia, 27(1):1-6.

Panigada, S., Lauriano, G., Zanardelli, M., Pierantonio, N., Donovan, G., Zerbini, A., Geyer, Y.,
Druon J-N., Fossi, M.C., Notarbartolo di Sciara, G. 2013. Satellite tracking of fin whales in
the Pelagos Sanctuary (western Mediterranean sea). European Research on Cetaceans, 27.

Richardson W.J., Wursig B., Greene C.R. 1990. Reaction of bowhead whales, Balaena mysticetus,
to drilling and dredging noise in the Canadian Beaufort Sea. Marine Environmental
Research 29:135-160.

Royer F, Fromentin JM, Gaspar P. 2004. Association between bluefin tuna schools and oceanic
features in the western Mediterranean. Marine Ecology Progress Series 269: 249-263

Schofield G., Lilley M.K.S., Bishop C.M., Brown P., Katselidis K.A., Dimopoulos P., Pantis J.D.,
Hays G.C. 2009. Conservation hotspots: implications of intense spatial area use by breeding
male and female loggerheads at the Mediterranean’s largest rookery. Endangered Species
Research, 10:191-202.

Schorr G.S., Baird R.W., Hanson M.B., Webster D.L., McSweeney D.J., Andrews R.D. 2009.
Movements of satellite-tagged Blainville’'s beaked whales off the island of Hawai'i.
Endangered Species Research, 10:203-213.

Sivle L.D., Kvadsheim P.H., Fahlman A., Lam F.P.A., Tyack P.L., Miller P.J.0. 2012. Changes in
dive behavior during naval sonar exposure in killer whales, long-finned pilot whales, and
sperm whales. Front. Physio. 3:400.

Watkins W.A., Moore K.E., Wartzok D., Johnson J.H. 1981. Radio tracking of finback
(Balaenoptera physalus) and humpback (Megaptera novaeangliae) whales in Prince William
Sound, Alaska. Deep Sea Research 28A: 577-588.

Watkins W.A., Tyack P. 1991. Reaction of sperm whales (Physeter catodon) to tagging with
implanted sonar transponder and radio tags. Marine Mammal Science 7:409-413.

Watkins W.A. 1981. Reactions of three species of whales Balaenoptera physalus, Megaptera
novaeangliae and Balaenoptera edeni to implanted radio tags. Deep Sea Research 28A:
589-599.

Zerbini A.N., Andriolo A., Heide-Jgrgensen M.P., Pizzorno J.L.,. Maia Y.G., VanBlaricom G.R.,
DeMaster D.P., Simdes-Lopes P.C., Moreira S., Bethlem C.. 2006. Satellite-monitored
movements of humpback whales Megaptera novaeangliae in the Southwest Atlantic Ocean.
Marine Ecology Progress Series, 313:295-304.



