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ABSTRACT

1. The ecology and status of fin whales Balaenoptera physalus in the Mediterranean Sea is
reviewed. The species’ presence, morphology, distribution, movements, population structure,
ecology and behaviour in this semi-enclosed marine region are summarized, and the review
is complemented with original, previously unpublished data.

2. Although the total size of the fin whale population in the Mediterranean is unknown, an
estimate for a portion of the western basin, where most of the whales are known to live, was
approximately 3500 individuals. High whale densities, comparable to those found in rich
oceanic habitats, were found in well-defined areas of high productivity. Most whales concen-
trate in the Ligurian-Corsican-Provengal Basin, where their presence is particularly noticeable
during summer; however, neither their movement patterns throughout the region nor their
seasonal cycle are clear.

3. Based on genetic studies, fin whales from the Mediterranean Sea are distinct from North
Atlantic conspecifics, and may constitute a resident population, separate from those of the
North Atlantic, despite the species’ historical presence in the Strait of Gibraltar. Fin whales
are known to calve in the Mediterranean, with births peaking in November but occurring at
lower rates throughout the year. They feed primarily on krill Meganyctiphanes norvegica
which they capture by diving to depths in excess of 470 m. It is suggested that the extensive
vertical migratory behaviour of its main prey may have influenced the social ecology of this
population.

4. Known causes of mortality and threats, including collisions with vessels, entanglement in
fishing gear, deliberate killing, disturbance, pollution and disease, are listed and discussed in
view of the implementation of appropriate conservation measures to ensure the species’
survival in the region.
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INTRODUCTION

Because of the frequently pelagic distribution which characterizes fin whales Balaenoptera
physalus (L. 1758) in both breeding and feeding habitats, this species is among the least known
of all mysticetes. According to common knowledge, fin whales migrate seasonally between
localized, high-latitude summer feeding grounds and widely dispersed warm-temperate and
tropical winter breeding grounds (e.g. Evans, 1987). However, there are many problems with
this simple paradigm as pointed out by several authors in the past (e.g. Ingebrigtsen, 1929;
Jonsgérd, 1966), and later evidenced through acoustic data (Clark, 1995; Watkins et al.,
2000).

Fin whales in the Mediterranean, which could constitute a separate resident population
on the basis of genetic evidence (Bérubé ez al., 1998), congregate during summer in highly
productive localities to feed, but their winter distribution remains unknown. Unlike in the
major oceans, the peculiar Mediterranean environment may provide whales with opportuni-
ties for extending their breeding activities in summer and their feeding activities in winter. It
is thus not unlikely that fin whales in the Mediterranean have adapted to a more forgiving
environment by modifying their ecology, behaviour, and reproductive physiology. The aim of
this paper is to review current knowledge concerning the fin whale in the Mediterranean Sea.
During the last two decades, considerable attention has been dedicated to this ‘population’.
These studies have revealed interesting aspects of the fin whale’s ecology and biology, but
have also raised further questions; the most intriguing of which are the relationship between
Mediterranean and North Atlantic fin whales, their movement patterns in the Mediterranean,
and their feeding and breeding habits in the region. This review is intended to summarize
what is known about Mediterranean fin whales and to highlight major gaps in knowledge. It
identifies further research that is needed to better understand and conserve this clearly
atypical mysticete population.

Large cetaceans have been known to exist in the Mediterranean since very ancient times,
thanks to unambiguous descriptions left to posterity by a number of naturalists and philos-
ophers. In particular, Aristotle’s @aAdloave and Pliny the Elder’s Ballaena were likely fin
whales, as both authors recognized the animal as different from the sperm whale @vontnp
or Physeter (Gervais, 1864; Brusina, 1889). Fin whales may well have always been the most
common of the great whales in the Mediterranean Sea. Today, this species still occurs
frequently off the coast of western Liguria, which was called in Roman times Costa Ballaenae,
the ‘Coast of whales’ (Orsi Relini ez al., 1992). For obscure reasons such knowledge became
lost for centuries, and until very recently the great whales were considered rare and accidental
in the Mediterranean even by respected marine zoologists (e.g. Tortonese, 1965).
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Very rarely has a Balaenoptera been identified in the Mediterranean as belonging to a
species other than B. physalus. Such rare occurrences primarily involve the small, highly
distinctive minke whale B. acutorostrata, which occasionally occurs in the region (Notarbar-
tolo di Sciara & Demma, 1997; Van Waerebeek ez al., 1999). Sei whales B. borealis are
extremely rare in the Mediterranean, and blue whales B. musculus and Bryde’s whales B. edeni
have never been positively identified there.

METHODS

In this paper we have reviewed all fin whale records from the Mediterranean that we could
find. While we recognize that our collection may be incomplete, it nevertheless will be
sufficient to provide a clear understanding of the present state of knowledge regarding this
species in the study region. Data on fin whale sightings and findings were found in a variety
of sources, ranging from reports from field campaigns, through single stranding, capture or
vessel collision accounts, stranding reports, annotated lists of museum collections (e.g. Cag-
nolaro, 1996), and occurrences reported in the local news from which species identification
could be unambiguously made. Major sources of first-hand information were the stranding
reports published yearly by Raymond Duguy for the French coasts from 1972 to 1992, and
those published by the Centro Studi Cetacei for the Italian coasts from 1987 to 2001. Among
published reports, only those providing sufficient certainty about species identification were
used in this summary, and sighting data were considered only when provided by trained
observers; uncertain or unconfirmed sightings, deriving from summaries of observations
reported by non-specialists or amateurs, were not considered because of the high rate of
mistaken species identification deriving from such sources (Zanardelli, Notarbartolo di Sciara
& Acquarone, 1992). Although fin whales were once abundant and (after 1921) intensively
hunted in the Strait of Gibraltar and in the area immediately to the west, we have excluded
these capture records from this review, in the belief that those whales concerned belonged to
a non-Mediterranean population (see ‘Relationship between Mediterranean and Atlantic fin
whales’). To highlight fin whale distributional patterns in the study region through sighting,
stranding, vessel collision and capture events reported in the literature or deriving from our
original data, the Mediterranean basin was subdivided into seven subregions; whenever
possible, national or subnational boundaries were used (Fig. 1). To assemble the data sum-
marized in Table 1 and listed in the Appendix, remarkable difficulties were encountered in
wading through accounts in which original data were interspersed with derivative and repet-
itive summaries. To address these problems, the following criteria were adopted: (i) for each
specimen, the earliest certain account was given priority; (ii) if a single specimen was referred
to by more than one paper, we listed such papers in chronological order; (iii) when in doubt
concerning whether subsequent reports given by the same author referred to different indi-
vidual whales, or whether reiterate accounts existed for the same individuals, we have retained
only the data contained in the latest review work by that author, when available, in the
assumption that it contained the previous observations.

To address the question of whether fin whales in the Mediterranean differ dimensionally
from their oceanic conspecifics, we selected in the literature all the specimens for which
measurements (as opposed to eye estimates) were reportedly taken. However, very rarely was
the method of measurement described in such accounts, providing a potentially significant
source of error in the data. For example, the large fin whale specimen displayed in the Monaco
museum, which at the time of capture was reportedly 20 m long, turned out to be 18.8 m
long when mounted as a skeleton (Rode, 1939). Furthermore, the largest specimen on record
for the Mediterranean, the 25.6 m-long Saint-Cyprien whale, which was measured in 1828,
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Fig. 1. Subregions of the Mediterranean Sea.

should be critically reassessed. Based on actual, recent measurements made between the
perpendiculars to the tip of the snout and the fluke notch, it is very unlikely that Mediterra-
nean fin whales exceed 20 m (L. Cagnolaro, Museo Civico di Storia Naturale, Milano,
personal communication).

To elucidate seasonality of births, findings and observations of fin whales <8 m were
plotted by month. The following criteria were adopted: (i) actual measurements performed
on stranded individuals were complemented by eye-estimates at sea performed by experienced
observers, under the assumption that such estimates are sufficiently accurate when involving
very small (< 8 m) whales; (ii) the month of birth was extrapolated from neonate and foetal
length assuming a length at birth of 5.2 m and a growth rate of 0.8 m/month in the early
months of life; (iii) sighted whales simply labelled as ‘very small calves’ were placed in the
month in which they were observed.

NOMENCLATURAL NOTES

On the basis of vertebral differences (Lonnberg, 1931) and body size (Tomilin, 1946), the fin
whale B. physalus (L. 1758) was divided into two geographically disjunct subspecies: B. p.
physalus from the northern hemisphere and B. p. quoyi (Fischer, 1829) from the southern
hemisphere. Fin whales in the Mediterranean Sea would thus belong to B. p. physalus.

In the past, fin whales in the Mediterranean have been the subject of considerable nomen-
clatural confusion. de Lacépede (1804), based on a specimen stranded on 21 March 1798 on
the island of Sainte-Marguerite (Cannes, southern France), created B. rorqual, later renamed
B. mediterraneensis by Lesson (1828), perhaps in accordance with the common name
‘Rorqual de la Méditerranée’ proposed by Cuvier (1823). Based on the 1798 specimen,
Fischer (1829) introduced the name of Balaena antiquorum, later renamed Physalus antiquo-
rum by Gray (1868) (Giglioli, 1880; Ficalbi, 1907). Another fin whale specimen, the largest
on record from the Mediterranean, which stranded near Saint-Cyprien (Perpignan, southern
France) on 27 November 1828, was named Balaenoptera aragous by Farines & Carcassonne
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Table 1. Summary of fin whale sightings, strandings, directed captures, collisions and accidental captures in
the Mediterranean (number of specimens), subdivided into seven subregions (see Fig. 1). Numbers followed
by ‘+” are minimum numbers. This summary is derived from the data listed in the Appendix

Found

stranded Captured or  Vessel
Subregion Sighted ordead harpooned  collision Bycatch Total %
A: Western Basin 134 47 2 5 - 188 7.7
B: Ligurian-Corsican-Provengal 1703+ 71 8 18 5 1805+  73.8

Basin and Gulf of Lions

C: Tyrrhenian Basin 260+ 51 2 8 1 322+ 132
D: Adriatic Basin 23 11 - - - 34 1.4
E: Ionian/Central Basin S+ 16 2 1 - 70+ 2.7
F: Aegean Basin 10+ 3 - - - 13+ 0.5
G: Levantine Basin T+ 6 - - - 15+ 0.6
Total 2188+ 205 14 32 6 2447+ 100
% 89.4 8.4 0.6 1.3 0.2 100

(1829). One year later, Companyo (1830) erroneously applied to this specimen the Linnaean
name B. musculus. Subsequently, many authors (including Cornalia, 1872; Richiardi, 1874;
Giglioli, 1880; Flower, 1885; Brusina, 1889; Trois, 1893; Parona, 1896; Ficalbi, 1907, 1919;
Borri, 1927) used B. musculus ‘auctorum’ (nec L. 1758), as well as Rorqualus musculus (Cuvier,
1836) for the fin whale from the Mediterranean. It was only at the end of that century that
True (1898) managed to restore the correct name for the fin whale, proving that B. musculus
referred to the blue whale (Tomilin, 1957).

MORPHOLOGY AND SIZE

In the absence of appropriate morphometric comparisons of skeletal and other characters, it
is currently impossible to provide any evidence that Mediterranean fin whales differ morpho-
logically from their oceanic conspecifics. Based on the available information, characterizing
the body size of Mediterranean fin whales is also difficult, given that the available sample is
derived from strandings, which is a biased sampling procedure. A length—frequency distribu-
tion of 103 specimens of fin whales found stranded along Mediterranean shores between 1798
and 1997, selected from the literature among those for which actual measurements were
reportedly taken, is shown in Fig. 2. The mean length of the sample is 13.8 m (S.E. =0.52).
The maximum measured length, 25.6 m, is that of the 1828 Saint-Cyprien male (see ‘Nomen-
clatural notes’ above); however, we don’t consider this ancient measurement to be reliable, as
the measuring method was not described. Mediterranean fin whales thus appear to grow to
a larger size than fin whales from the north-eastern US continental shelf (Hain ez al., 1992),
but are similar to the north-eastern North Atlantic whales studied by Aguilar & Lockyer
(1987). To determine length at birth of Mediterranean fin whales, the lowest size classes of
Fig. 2 were considered in greater detail, and are shown in Fig. 3, where the length—frequency
distribution of all whales having a total length <8 m (n=20; mean =5.9 m, S.E.=0.2) is
represented. The data suggest that the conspicuous peak around 5.2 m, likely caused by an
increased mortality at birth, may be assumed, in absence of better evidence, as mean length
at birth for Mediterranean fin whales. On this basis, as remarked by Duguy (1990a), Medi-
terranean fin whales appear to be born substantially smaller than their 6.4 m-long North
Pacific conspecifics (Lockyer, 1984), albeit not quite as small as the mean size at birth (4.57 m)
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18 r Fig. 2. Length—frequency distribution of 103
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reported by Duguy & Vallon (1976) and Duguy & Collet (1983). Sex information was
available for 75 specimens in our sample (38 males and 37 females), thus allowing a size
comparison between sexes. Although, as expected, female mean length (14.66 m) was greater
than in males (13.39 m), the difference was insignificant (Mann—Whitney U-test), perhaps
due to the heterogeneity deriving from a sample composed of stranded animals.

The strikingly asymmetrical pigmentation patterns of Mediterranean fin whales are con-
sistent with those described for north-west Atlantic specimens by Agler ez al. (1990). These
include: (i) white or pale grey lower and upper lips and apical third of baleen on the right
side of the head, and dark on the left side; (ii) a whitish patch (‘blaze’) extending dorsally
and caudally from the right side of the head; and (iii) a light V-shaped pattern (‘chevron’),
with a rostrally orientated apex caudal to the blowholes, curving back down on both sides,
and often brighter on the right side. The shape and brightness of these coloration patterns
show great variability among individuals, thus allowing photo-identification.

DISTRIBUTION

Fin whales are found throughout the Mediterranean region, where they are the most common
mysticete species (Notarbartolo di Sciara & Demma, 1997). By contrast, they are absent from
the Black Sea (Tomilin, 1957), nor were they ever reported in the Sea of Marmara (Oztiirk,
1995). In spite of their wide distribution throughout the region, however, the published
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records indicate that their occurrence is conspicuously uneven. Of the various areas con-
cerned, the Ligurian-Corsican-Provengal Basin/Gulf of Lions (Area B) is by far the most
important; the Western, Tyrrhenian, Adriatic and Ionian/Central Basins (Areas A, C, D and
E) appear to be of intermediate significance. Finally, fin whales seem to occur only rarely in
the Aegean and Levantine Basins (Areas F and G). Although such geographical imbalance
is partly due to more intense scientific coverage in the north-western portion of the Mediter-
ranean, the marine region between southern France, north-western Italy and northern Sar-
dinia, and surrounding Corsica, is clearly of special importance for Mediterranean fin whales.
The relevant information on fin whale presence in the different subregions, ranked into three
categories of decreasing importance to fin whales, is summarized below.

Subregion of high importance for fin whales

Area B: Ligurian-Corsican-Provengal Basin and Gulf of Lions (continental France, Liguria,
north-western and southern Corsica, northern and western Sardinia) In this subregion,
where sighting reports are strikingly abundant (Table 1), B. physalus ranks second after
Stenella coeruleoalba in sighting frequency (Notarbartolo di Sciara ez al., 1993). The clearest
demonstration that this area is particularly important to fin whales is provided by a survey
conducted over most of the western Mediterranean in the summer of 1991, in which the
species was consistently sighted only in Area B (Forcada et al., 1996). Several sighting surveys
subsequently conducted in the area (e.g. Notarbartolo di Sciara et al., 1993; Orsi Relini ez al.,
1994; Forcada, Notarbartolo di Sciara & Fabbri, 1995; Gannier, 1997a, 1997b) confirmed its
importance for fin whales. The abundance of B. physalus in the area can be explained by the
well-known productivity of the offshore waters in the Ligurian-Corsican-Provengal Basin,
where a permanent frontal structure provides the conditions for high primary production
(Jacques, 1990). This productivity sustains a large biomass of krill, Meganyctiphanes norveg-
ica (Orsi Relini et al., 1992, 1994), the fin whales’ main prey in the region. This is perhaps
the reason why fin whales are found in the area in greatest numbers during summer, which
is known to be the species’ feeding season. However, sighting cruises (Gannier & Gannier,
1993; Orsi Relini et al., 1994) and the deployment of bottom-mounted hydrophones (Clark,
Borsani & Notarbartolo di Sciara, 2002) during autumn and winter have demonstrated that
the whales’ presence in Area B, perhaps in smaller numbers, is continuous throughout the
year.

Subregions of intermediate importance for fin whales

Area A: Western Basin (comprised between Spain, Morocco and Algeria) The presence of
B. physalus in this area is well known from both strandings (Casinos & Vericad, 1976; Casinos
& Filella, 1975, 1977; Grau, Aguilar & Filella, 1980; Grau et al., 1986; Raga et al., 1991;
Boutiba, 1994a; Boutiba et al., 1996; Borrell et al., 2000) and sightings (Viale & Frontier,
1994; Caifiadas et al., 1999). Overall occurrence is at much lower levels than in Area B. Fin
whale presence in the area apparently becomes increasingly scarce from east to west (Franco
& Mas, 1994; Viale & Frontier, 1994; Forcada et al., 1996; Canadas et al., 1999). Today, fin
whales are very rare in the Strait of Gibraltar, after 30 years of whaling activity which ended
in the late 1950s and extirpated fin whales from the Strait region and contiguous Atlantic
waters (Clapham & Hatch, 2000).

Area C: Tyrrhenian Basin (west coast of continental Italy except Liguria, northern and west-
ern Sicily, northern Tunisia, southern and eastern Sardinia, and eastern Corsica) Abundant
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records of fin whale sightings and strandings in this subregion exist in the literature, probably
as a reflection of a relatively high interest in cetaceans by local zoologists of the 19th and
20th century. However, the species’ abundance here is clearly lower than in Area B (Notar-
bartolo di Sciara et al., 1993), probably because the offshore waters are not as productive.
Marini et al. (1996b) reported that fin whales are present in the area throughout the year,
with peaks in spring and early autumn; this may reflect migratory movements to and from
the Ligurian Sea feeding grounds. This observation is corroborated by results from a fin whale
sighting programme conducted in 1995 aboard Italian Navy vessels, which indicated a north-
ward movement of whales from Tyrrhenian to Ligurian waters between May and June
(Nascetti & Notarbartolo di Sciara, 1996). However, localized hot spots of fin whale concen-
trations in Area C may exist. One such site was recently discovered over the ‘Cuma’ submarine
canyon, between the islands of Ischia and Procida and the coast of continental Italy, where
waters are known to be locally highly productive and where fin whales have been seen
engaging in surface feeding (Mussi et al., 1999).

Area D: Adriatic Basin (eastern Italy, Slovenia, Croatia, Bosnia-Herzegovina, Yugoslavia,
Albania) Fin whale occurrence in the Adriatic Sea is scarce, particularly in its shallow
northern and central portions where appropriate fin whale habitat is lacking. However, both
strandings (Brusina, 1889; Kolombatovic, 1894; Lepri, 1914; Princi & Bussani, 1976; Pilleri
& Gihr, 1977; Anonymous, 1987, 1991, 1992) and sightings (Rallo, 1979; Politi et al., 1992;
Politi, Airoldi & Notarbartolo di Sciara, 1994; Stanzani, Bonomi & Bortolotto, 1997) are
known from the subregion, particularly in recent years (D. Holcer, Croatian Natural History
Museum, Zagreb, personal communication; Affronte, 2000), perhaps also reflecting an
increasing interest in cetaceans by the general public and the media. Occurrence of fin whales
in the Adriatic probably stems from the movement of sporadic individuals wandering north-
wards from the Ionian feeding grounds to the south.

Area E: Ionian/Central Basin (eastern and southern Greece, Libya, Malta, eastern Tunisia,
southern and eastern Sicily, south-eastern continental Italy) The scant published record
concerning the presence of fin whales in this area, where little research has been conducted,
probably does not reflect the real situation and results in an underestimate of the whales’
abundance here. Fin whales have been known to strand and have been caught in the Gulf of
Taranto (Parona, 1896, 1908), eastern and southern Sicily (Parona, 1908; Anonymous, 1988,
1994b), off the east coast of Tunisia (Heldt, 1949; Postel, 1956; Ktari-Chakroun, 1981), and
off the western coast of Greece and adjacent islands (Frantzis et al., in press). Sightings of
fin whales have been made in the Gulf of Taranto (Cerioni et al., 1996), off the Ionian coast
of Calabria (Parona, 1908; Tethys original data), and off eastern Sicily (Tethys original data;
Giordano et al., 1995). Fin whales have also been observed in the waters of Lampedusa Island
(Marini, Villetti & Consiglio, 1996d), where the seasonal presence of whales in late winter
and spring is apparently well known locally. A sighting of Balaenoptera sp., most likely B.
physalus, is reported by Marini, Carpentieri & Consiglio (1996a) off southern Peloponnese.
Politi, Airoldi & Notarbartolo di Sciara (1994) frequently observed fin whales off the western
coast of Greece, also reported by Frantzis et al. (in press); here oceanographic conditions
may sustain substantial zooplankton biomass and thus feeding aggregations of fin whales.

Subregions of low importance for fin whales
Area F: Aegean Basin (eastern and northern continental Greece, western Turkey, and to the
south a line from south-eastern Greece to south-western Turkey, connecting the islands of
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Crete, Karpathos and Rhodes). Fin whales are extremely rare in this subregion. Oztiirk (1995)
generically states that ‘the Fin Whale is the only baleen whale species present in Aegean Sea’,
but does not provide further details. Three strandings are known from the Aegean Basin: one
in Chalkis, Evoikos Gulf, on 3 September 1953, a second of a juvenile (13.5 m) female near
Kavala, northern Aegean, on 25 December 1997 (Frantzis ef al., in press), and a third near
Kusadasi, Turkey (B. Oztiirk, Istanbul University, pers. comm., no date provided). Fin whale
sightings in the Aegean are also scarce. Ozturk (1995) reports sightings but provides no
details. An individual of Balaenoptera sp., very likely B. physalus, is reported by Marini et al.
(1996a) very close to the southern coast of the Greek island of Karpathos; and sightings of
fin whales were repeatedly made in the Saronikos Gulf (Greece) in Spring 1998 (Frantzis
et al., in press).

Area G: Levantine Basin (southern Turkey, Cyprus, Syria, Lebanon, Israel, Egypt, and the
southern coast of Crete). The situation here is apparently very similar to that in Area F.
Strandings of fin whales have been reported in Egypt (Flower, 1932; Paulus, 1966), Israel
(Marchessaux, 1980), and southern Turkey (B. Oztiirk, Istanbul University, pers. comm.; A.
Dede, Istanbul University, pers. comm.). One sighting was reported by Marchessaux (1980)
near Gavdos, Crete (Greece), and fin whales were apparently sighted off Antalya and Fethiye,
southern Turkey (B. Oztiirk, Istanbul University, pers. comm.). Recently, the occurrence of
two young fin whales in this subregion were reported: a juvenile female, 10.25 m long,
stranded in March 2000 at Yumurtaljk, Adana, Turkey (A. Dede, posted on 11 March 2002
on the ECS-ALL Discussion List), and a newborn specimen, about 4 m long, observed in
very shallow waters in Larnaka Bay, south-east Cyprus, on 21 October 2001 (A. Frantzis and
E. Economou, pers. comm.).

HABITAT

Fin whales in the Mediterranean appear to be markedly pelagic. They are primarily observed
in deep offshore waters, although their occurrence over the continental shelf is not unusual.
Of 62 fin whale groups sighted by Forcada et al. (1996) during a dedicated line-transect survey
in the western Mediterranean, only two were observed in waters shallower than 1000 m, and
overall mean water depth at which sightings were made was 2360 m (S.E. = 46.8). Similarly,
93 sightings made in the western Ligurian Sea between 1990 and 1991 were characterized by
a mean water depth of 2248 m (Zanardelli, Notarbartolo di Sciara & Jahoda, 1992). Gannier
(1995) estimated that whale density in north-western Mediterranean waters deeper than
2000 m was 65 times higher than in waters shallower than 500 m. Most of the sightings made
by Marini et al. (1996b) in the central Tyrrhenian Sea also occurred beyond the 2000 m
isobath. By contrast, the mean water depth from 20 fin whale sightings made over a wide
portion of the central Mediterranean Sea (Notarbartolo di Sciara et al., 1993) yielded a lower
value and with a greater variance than the Ligurian Sea values alone (mean = 1775m,
range = 25-2500 m, S.E. = 218). These observations suggest that fin whale habitat is variable
across the species’ Mediterranean range. This is corroborated by the observations made by
Politi, Airoldi & Notarbartolo di Sciara (1994) off the western coast of Greece (Ionian Sea),
in which fin whale sightings were associated with a mean water depth of 624m (n=9,
S.E. =70.8).

In some years, however, fin whales are frequently seen over the narrow shelf waters unusu-
ally close to the coast, probably as a result of different oceanographic conditions in those
years; this is true even in the Ligurian Sea. Airoldi ez al. (1999) report dramatic year-to-year
differences in mean water depths and in distances from the coast of fin whale sightings from
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a whale-watching vessel in front of Imperia; these decreased from 2293 m and 31 700 m
(n=12) in 1996 to 1301 m and 14 100 m (n = 20) in 1997, with whales during the latter year
seen as close as 1300 m to the shore. It is noteworthy that during that same period, between
June and September 1997, fin whales were unusually abundant in the shallow coastal waters
of the Gulf of Lions, occasionally entering small bays and harbours (Beaubrun ez al., 1999).
Sergeant (1977) noted that, unlike ichthyophagous fin whales, which have a very predictable
distribution, plankton-feeding fin whales change their distribution annually; this was ascribed
to variation in prey distribution, and was reflected in interannual variability in fin whale
catches.

Extensive observations in other parts of the world confirm that fin whale habitat appears
to be primarily characterized by high densities of the species’ principal prey and the physical
conditions that facilitate its accumulation, irrespective of water depth (Sergeant, 1977; Wood-
ley & Gaskin, 1996). Such conditions often occur in neritic waters, such as those off the
north-eastern coast of the USA and Canada, where fin whales are mostly observed over the
continental shelf and even within estuaries such as the St. Lawrence (Sergeant, 1977; Ray
etal., 1978). In such regions, fin whale distribution is marked by a preference for areas
characterized by high topographic variability, where conditions exist for extensive water
mixing and enhanced primary production (Hain et al., 1992).

In the western Ligurian Sea a close relationship between the presence of fin whales and
concentrations of krill M. norvegica was noted in early spring (Relini ez al., 1994) and summer
(Orsi Relini et al., 1992). This is likely connected to areas of divergence of the Ligurian-
Provengal Front (Jacques, 1990; Le Vourch ef al., 1992). A heterogeneous spatial distribution
of fin whales in relation to oceanographic features and zooplankton patchiness was also
observed in areas of the western Mediterranean, including the Alboran Sea and the Algerian
Basin (Viale, 1991; Viale & Frontier, 1994). During a summer survey in 1991, Forcada et al.
(1996) observed that the mean surface water temperature at fin whale sighting locations was
significantly lower than in zones without whales, indicating a likely association of whales with
productive upwelling waters. However, surface temperatures collected in association with
sightings of cetaceans in the Ligurian-Corsican-Provengal Basin, during a line-transect survey
conducted in summer 1992, revealed that the surface water in locations of fin whale sightings
(n =51, mean =28.13 °C, S.E. =0.147) was significantly warmer (unpaired, two tailed z-test,
t =—12.5, P <0.001) than in locations of striped dolphin sightings (n =73, mean =25.53°C,
S.E. =0.14); this suggests differential habitat choice by these two species with respect to
oceanographic patterns.

No information exists on the relationship between fin whale presence and oceanographic
features and zooplankton concentrations in other portions of the Mediterranean, such as the
Tyrrhenian Sea, the Sicily Channel and particularly the Ionian Sea, where limited evidence
(faeces) exists of whale feeding activity on euphausiids.

RELATIONSHIP BETWEEN MEDITERRANEAN AND

ATLANTIC FIN WHALES

Whether fin whales in the Mediterranean belong to an Atlantic population which migrates
seasonally through the Strait of Gibraltar, or to a resident population permanently isolated
within the Mediterranean, has been the subject of long debate. Zoologists from the early 19th
century, such as Cuvier (1823), Lesson (1828), Fischer (1829) and Farines & Carcassonne
(1829), considered fin whales found in the Mediterranean as belonging to species endemic to
this sea, and named them accordingly. The notion that fin whales regularly enter the Medi-
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terranean from the North Atlantic subsequently gained increasing favour among some
observers, including Richiardi (1874), Borri (1927), Paulus (1966), Jonsgard (1966), Cagno-
laro (1977) and Viale (1981, 1985). Elaborate but unsubstantiated conjectures were proposed
in successive instalments by Viale (1977a, 1977b, 1981, 1985), who envisaged two discrete
populations of fin whales in the Mediterranean, both immigrants from the Atlantic: one
entering to breed at the beginning of winter from its summer feeding grounds off north-west
Scotland, the other arriving in May—June to feed from a supposed Mauritanian winter
breeding ground. Such conjectures were also stimulated by the observation, discussed by
Jonsgard (1966), that oil extracted from whales captured off the Hebrides in summer had a
high iodine content; this led that author to suggest winter feeding by such whales in the
Gibraltar area and possibly in the Mediterranean, where iodine content of the whales’ prey
is known to be higher than the Atlantic average. An intermediate possibility, with at least
part of the Mediterranean fin whales remaining during winter in the basin — as hinted by
reduced winter observations in the north-western Mediterranean — was proposed by Duguy
& Vallon (1976), Duguy et al. (1983) and Duguy (1989).

The conviction that fin whales enter the Mediterranean through Gibraltar may have been
at least in part influenced by knowledge of the existence of large numbers of fin whales in
the Strait area and adjacent Atlantic waters. These were the object of a very successful, albeit
short-lived whaling industry (Cabrera, 1925; Teonnessen & Johnsen, 1982; Sanpera & Aguilar,
1992). A first-land station was established in Getares, Spain, on the west side of the Bay of
Gibraltar, and began operating with two catchers in April 1921 in the Strait waters and nearby
Atlantic (Sanpera & Aguilar, 1992). Captured species included fin, sperm, sei and even (in
1925) blue whales, but 93% of the catch was composed of fin whales (Tennessen & Johnsen,
1982). These were captured year-round, suggesting that the area represented both feeding
and breeding grounds for a likely resident population (Ingebrigtsen, 1929; Jonsgard, 1966).
During the initial years the operations were quite successful, with a mean of over 19 000
barrels of oil produced per catcher, among the highest ever recorded for any whaling opera-
tion (Tennessen & Johnsen, 1982). Given the success of the operation, in 1924 two additional
companies were granted permission to hunt whales in the Strait area with two floating
factories and an uncertain number of whale catchers, in addition to the original Getares land
station. Other companies were set up during that period and operated out of the African side
of the Strait, however, no catch figures are known from these (Sanpera & Aguilar, 1992). By
1926, with a minimum of 4149 fin whales killed in only 6 years (Sanpera & Aguilar, 1992),
the population had collapsed, with catch per unit effort (CPUE) values declining from a
maximum of 54 whales per catcher per month in 1922 down to only six at the end of the
period (Clapham & Hatch, 2000), and operations were no longer profitable due to lack of
whales (Tennessen & Johnsen, 1982). Operations did continue, albeit at a much slower pace,
in the following years, however, catch records were not retained except for a figure of 66 fin
whales processed in 1934 by a floating factory in Gibraltar (Anonymous, 1942). After 1936,
with the onset of the Spanish civil war followed by World War II, whaling was discontinued.
Land stations were again established after the war in the Strait. One was located at Benzou,
Spanish Morocco, on the African side of the Strait, and primarily operated in Atlantic waters
(Furnestin, 1949); the other was again in Getares. Both operations were short-lived due to
the inability of catcher boats to find sufficient whales (Tennessen & Johnsen, 1982; Sanpera
& Aguilar, 1992; Clapham & Hatch, 2000). Although records for this last phase of the
Gibraltar operations do not exist for the entire period, between 1948 and 1954 a total of 199
fin whales was caught and processed in Benzou (Anonymous, 1950; Aloncle, 1964), while 102
fin whales were processed in Getares between 1950 and 1953 (Sanpera & Aguilar, 1992). These
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12 Fig. 4. Seasonal distribution of sightings and
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statistics, however, probably greatly underestimate the total number of fin whales killed by
whalers in the Strait area since 1921. The remnants of the local fin whale population was
exploited until the late 1970s by pirate whaling, which harvested hundreds of animals off the
coast of the Iberian Peninsula (Best, 1992), venturing occasionally perhaps as far as the Strait
of Gibraltar (Sanpera & Aguilar, 1992).

The existence of large numbers of whales in the Strait during the first half of the 20th
century may be taken as evidence of a population continuum between the Atlantic and the
Mediterranean. However, this idea is contradicted by the results of Bérubé et al. (1998), who
conducted genetic studies using samples of fin whales from a number of different locations
of the North Atlantic and in the Ligurian Sea. Their study found that fin whales in the
Mediterranean are genetically different from those of the Atlantic, and thus likely belong to
a resident, reproductively isolated, population. Significant levels of divergence and heteroge-
neity in both mitochondrial and nuclear DNA were found between Mediterranean and
Eastern North Atlantic specimens, and nucleotide diversity among Mediterranean fin whales
(estimated to be 0.0057) was significantly lower than that found in North Atlantic whales
(0.0113). The hypothesis that fin whales in the Mediterranean are an isolated population is
corroborated by clear indications that breeding takes place inside the basin, including numer-
ous findings of stranded neonates (Fig. 4; see also the Appendix). Marini ez al. (1992, 1996b),
based on 4 years of fin whale sightings made year-round from ferries crossing the central
Tyrrhenian Sea, also argued in favour of the hypothesis of fin whales permanently residing
in the Mediterranean and isolated from the Atlantic. However, Notarbartolo di Sciara (1994)
cautioned that the mere decreased abundance of fin whales observed in the northern Medi-
terranean in the colder seasons could not be considered sufficient evidence for such a hypoth-
esis. That B. physalus in the Mediterranean may have been an isolated population was
mentioned as early as 1881 by renowned Norwegian zoologist Georg O. Sars; he noted that
fin whales had been observed in the Mediterranean and off Norway at the same time, thus
leading to the supposition that ‘within every greater area there was a whale stock which visited
the nearest coast without undertaking longer migrations than necessary for finding food’
(Jonsgard, 1966).

Such circumstantial evidence supports the hypothesis that the Gibraltar fin whales which
were exploited in the first half of the 20th century formed a population of limited range and
size, which barely trespassed into the Mediterranean and thus did not interbreed with whales
residing in the central-western Mediterranean. In this context, a comparison of genetic
material from Atlantic, Mediterranean and Gibraltar whales, preserved from the former
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whaling operations, would be highly desirable. Based on such a hypothesis, records of cap-
tures and sightings of fin whales in the Strait of Gibraltar and adjacent Atlantic waters were
excluded from Table 1. Fin whales were likely extirpated from the Strait area, as demonstrated
by the dearth of sightings since the 1960s (Bayed & Beaubrun, 1987; Hashmi & Adloff, 1991;
Walmsley, 1996; Cafiadas et al., 1999). As proposed by Clapham & Hatch (2000), this prob-
ably occurred because the cultural memory of the existence of that habitat was lost within
the population. An alternative explanation, that the increase in local shipping activity has
discouraged nearby whales from returning, seems less likely.

MOVEMENTS WITHIN THE MEDITERRANEAN

Considerable speculation has been put forward concerning fin whale movements and migra-
tions within the Mediterranean Sea. Most of the information available on this subject relates
to the north-western Mediterranean in summer, leaving the situation in the rest of the basin
and for the remainder of the year open to considerable conjecture. Extensive observations
confirm the presence of large numbers of fin whales in the Ligurian Sea during the summer
months (Duguy & Vallon, 1976; Zanardelli, Notarbartolo di Sciara & Jahoda, 1992;
Zanardelli et al., 1999). Active feeding in this region has been confirmed by frequently
observed defecation episodes. The early summer increase in the Ligurian-Corsican-Provengal
Basin coincides with the well-known seasonal migration pattern towards feeding grounds
observed in oceanic whales. Likewise, the decline of whale abundance in early autumn is
suggestive of a seasonal migration away from the Ligurian Sea feeding ground (Duguy &
Vallon, 1976), similar to that observed in other fin whale populations. While in the Ligurian
Sea, fin whales show significant site fidelity, as evidenced by the numerous re-sightings of
identified individuals made during a 9-year study (1990-98); single individuals have been
encountered up to four times in different years, and up to three within-season re-sightings of
the same individuals have been recorded at intervals varying from 1 to 90 days (Zanardelli
et al., 1999). Similar observations were also reported by Fabbri & Lauriano (1992).

The putative arrival of whales in the Ligurian-Corsican-Provengal Basin in early summer
and their later departure, at the outset of autumn, is mirrored by the bimodal sighting
frequency of whales observed by Marini et al. (1996b) further south in the central Tyrrhe-
nian Sea; peaks were recorded in April-May and September—October, suggesting that, at
least in part, access to the northern feeding grounds, as well as departure, occurs through the
Tyrrhenian Sea. In a sighting programme conducted in 1995 aboard Italian Navy ships
(Nascetti & Notarbartolo di Sciara, 1996), most fin whales sighted before the end of May
were scattered in the Tyrrhenian Sea, while after early June they were concentrated in the
Ligurian Sea. Predictably, fin whale sightings in the feeding grounds sharply decrease from
summer to winter (Duguy & Vallon, 1976); this decrease apparently involves an order of
magnitude (Gannier & Gannier, 1997), and contrasts with a less dramatic decline in sight-
ings in the central Tyrrhenian Sea (Marini ef al., 1996b). Fin whales, however, never com-
pletely leave the Ligurian-Corsican-Provengal Basin. They are found there year-round
(Duguy & Vallon, 1976; Poggi, 1982; Palazzoli, 1983; Gannier & Gannier, 1990; Duguy,
1990a; Relini et al., 1994), as further demonstrated in 1999 by extensive winter recordings of
fin whale vocalizations off Corsica and western Liguria (Clark, Borsani & Notarbartolo di
Sciara, 2002).

A major gap in our knowledge of Mediterranean fin whale ecology concerns whale move-
ment patterns in the remainder of the region and throughout the seasonal cycle. Marini et al.
(1996d) speculated that fin whales migrate to the southern part of the Mediterranean during
winter, when resources diminish and climatic conditions worsen. From here, in spring, they
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would move back to the Ligurian Sea but also to other areas such as the Tonian Sea and the
Levantine Basin. Such a notion is supported by Marsili & Focardi (1996), who observed a
drop of DDT levels in the blubber of Mediterranean fin whales after 1990 and suggested a
connection between a possible whales’ winter presence in north African waters and the
decreased use of DDT in Africa. However, given the well-known ability of these persistent
organic compounds to disperse over wide geographical ranges and to enter the marine food
web at the global level (Loganathan & Kannan, 1991), this hypothesis must be considered
speculative.

We suggest an alternative interpretation of the pattern of fin whale movements in the
Mediterranean. It is possible that whales aggregate in specific productivity hot spots during
their peak feeding season, and disperse over wider areas throughout the Mediterranean basin
at times of the year in which feeding ceases to be their predominant occupation. If such times
were to coincide with the mating season, the remarkable range over which fin whale vocal-
izations can be heard (Payne & Webb, 1971; Watkins et al., 1987) might mean that dispersal
over a relatively limited area such as that of the Mediterranean would not preclude the finding
of mates. Unlike humpback and grey whales, which congregate for mating in well-defined
breeding grounds, oceanic fin whales are thought to disperse widely during their mating
season (Payne & Webb, 1971; Tyack, 2000). The challenges of mate location that this pre-
sumably creates should be reduced in the more confined area of the Mediterranean (Notar-
bartolo di Sciara et al., 1999). At this stage of knowledge, however, speculating about
movement patterns of fin whales within the Mediterranean is unwarranted without a rigorous
observation scheme and long-time tracking of a sufficiently large number of individuals.

POPULATION DATA

No inference can be made concerning the population structure of B. physalus in the Medi-
terranean, nor about whether fin whales found in the region belong to a single, panmictic
population or to a metapopulation comprised of a number of subunits. Evidence deriving
from sex ratios and sightings of groups having different age composition, limited to the
Ligurian-Corsican-Provengal summer feeding grounds, argues against sex or size segregation
in this area (Zanardelli et al., 1999), unlike fin whales off Iceland studied by Rervik et al.
(1976). The genetically determined sex ratio in a sample of 100 biopsied whales (51 females
and 49 males) from the Ligurian Sea did not significantly differ from parity ()
P <0.01)(Zanardelli et al., 1999).

The total number of fin whales present in the Mediterranean Sea is unknown. Various
attempts have been made in the past at guessing numbers of fin whales in portions of the
western Mediterranean. A population size of 400 individuals during summer between the
French and Italian coasts north of the Rome parallel was proposed by Duguy & Vallon
(1976). However, details of the reasoning for obtaining such a number were not presented.
Viale (1981, 1985) tried to extrapolate population size in the area north of 42°N from data
collected during a number of different cruises, which resulted in a crude estimate of between
500 and 2000 individuals. Marini et al. (1992) remarked that, in their opinion, ‘... the number
of fin whales [in the Mediterranean] up until now has been over-estimated, due to the
morphological similarity of this species with B. edeni and B. borealis’. However, this conclu-
sion seems unjustified: Bryde’s whales have never been reported in the Mediterranean, and
the entire record for sei whales in the region comprises only two certain strandings and two
sightings (Bompar, 2000). Data to estimate population size were first collected in the region
through dedicated line-transect surveys conducted over most of the western Mediterranean
in 1991 (Forcada et al., 1996), and over a more limited area centred on the Ligurian-Corsican-
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Provengal Basin in 1992 (Forcada, Notarbartolo di Sciara & Fabbri, 1995). During the first
of these cruises, in which most whale sightings were concentrated in a narrower area com-
prising the continental coast of France, Italy, western Corsica, north-western Sardinia, and
Minorca, mean fin whale density was found to be 0.02408 individuals/km? (S.E. = 0.0065,
%CV 27.0, 95% C.I. 0.0143-0.0405). The overall abundance estimate was given as 3583
whales (S.E. =967, 95% C.I. 2130-6027). In the 1992 cruise, whale density was lower, with
0.0155 individuals/km?® (S.E. = 0.0033, %CV 21.77, 95% C.1. 0.0101-0.0235), giving an overall
abundance in that area of 901 whales (S.E. =196.1, %CV 21.77, 95% C.1. 591-1374). Further
line-transect survey effort conducted in the same area yielded a strikingly consistent whale
density estimate of 0.015 individuals/km? (Gannier, 1997a, 1997b). Fin whale densities were
surprisingly high in the Mediterranean, a marine region which was not known to be able to
sustain large whale populations; indeed, densities were higher than those estimated for North
Atlantic feeding grounds, suggesting a very high availability of prey in the region (Forcada
et al., 1996).

REPRODUCTION

Figure 4 summarizes the available data (listed in the Appendix) on records of neonate fin
whales in the Mediterranean, by month. Although the frequency of occurrence of neonates
appears to be greatest between September and January, with a peak in November, as also
reported by Viale (1985), the available data indicate that fin whale births may occur through-
out the year in the Mediterranean. These data do not support the assertion by Di Natale &
Mangano (1983), who suggested a calving period between May and September based on
reports from amateurs. A birth peak in late autumn-winter in Mediterranean fin whales
would be consistent with the known breeding patterns for the species elsewhere (Gambell,
1985). The apparent extension of the calving season beyond this period suggests that the
peculiar Mediterranean environmental conditions (including perhaps availability of prey
extending beyond a single season, and mild climate) may put less pressure on a narrow birth
season than the oceanic environment, thus offering energetic advantages, ultimately resulting
in increased reproductive success (Clapham, 2001). A similar reproductive trait was appar-
ently adopted by inshore-form Bryde’s whales off South Africa (Best, 1977), in sharp contrast
with non-migratory humpback whales from the Arabian Sea that have retained markedly
seasonal reproductive habits (Mikhalev, 1997). A rare case of multiparity was observed in
August 1980, when a 19.2 m-long female stranded near Toulon (France) bearing three foet-
uses: two 1.4 m-long males and a 1.3 m-long female (Besson, Duguy & Tardy, 1982); a
possible link between such abnormal gestation and the death of the mother was not suggested
by the authors.

Information is lacking to suggest localized calving grounds in the Mediterranean. Marini
et al. (1992) suggested that fin whales during winter migrate to the southern part of the
Mediterranean to give birth and to mate, and reported ‘sightings of females with calves’
during winter in the waters around the Sicilian island of Lampedusa (Marini et al., 1996d).
However, the wide geographical distribution of the overall record of neonate fin whales in
the Mediterranean argues against any precise calving location for fin whales in the Mediter-
ranean Sea. Of the 56 newborn individuals in our record, 19% were found in Area A, 40%
in Area B, 35% in Area C, and 2%, respectively, in Area D, E and F. Considering the uneven
geographical distribution of records (Table 1), this pattern supports the alternative hypothesis
that fin whales in the Mediterranean may be dispersed throughout a wider portion of the
basin during breeding (Notarbartolo di Sciara et al., 1999). Such a notion is in agreement
with Ingebrigtsen (1929), who suggested that fin whales do not set out on definite breeding
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migrations like blue, humpback and sei whales, but rather give birth in any part of the sea
as soon as their foetus is fully grown.

FEEDING

It is now known that the Mediterranean Sea encompasses pelagic areas of remarkable
primary productivity (Jacques, 1990). These areas can sustain a large zooplanktonic (notably
euphausiid) biomass (Casanova, 1970; Goy & Thiriot, 1976), and thus a viable population
of feeding fin whales. This recent view contrasts with the ancient belief, summarized by 19th
century zoologist Charles Dessalines d’Orbigny (quoted by Brusina, 1889), that fin whales
would enter the Mediterranean from the Atlantic in pursuit of their prey, either fish or
plankton (Paulus, 1966), and then starve to death because the allegedly low-productive
Mediterranean waters could not sustain them (Tortonese, 1965; Di Natale & Giuffré, 1976).

Balaenoptera physalus is a known predator of a wide spectrum of marine organisms. These
range from copepods to euphausiids to small schooling fish such as capelin Mallotus villosus
and herring Clupea harengus (Jonsgard, 1966; Sergeant, 1977; Gambell, 1985), as well as
anchovy Engraulis encrasicolus (Jonsgard, 1966), sand lance Ammodytes spp. (Overholtz &
Nicolas, 1979), and probably sardine Sardina pilchardus (Sergeant, 1977). Several authors
(reviewed in Jonsgard, 1966) proposed that in the North Atlantic crustaceans (mostly krill)
constitute the preferred food of fin whales, which exploit fish only when crustaceans are
unavailable. Knowledge of the species’ feeding habits in the Mediterranean is partial, being
based primarily on the inspection of a small sample of stranded whales’ stomachs (Viale,
1985; Besson, Duguy & Tardy, 1982; Orsi Relini & Giordano, 1992) and on limited scat
analyses, all from the Ligurian-Corsican-Provengal area. Such information indicates M.
norvegica as the only known prey in this portion of the Mediterranean. Fin whale faeces,
appearing as bright orange, football-sized floating masses, are frequently observed during
summer in the Ligurian Sea feeding grounds (Richard, 1936; Orsi Relini & Cappello, 1992).
Faeces are also seen in localized regions of the southern Tyrrhenian Sea (Mussi et al., 1999)
and of the eastern Ionian Sea off Greece (Tethys Research Institute, unpublished data). On
32 occasions from 1990 to 1999, defecating whales were observed by the Tethys Research
Institute in the Ligurian Sea, and faecal samples were collected in 31 cases. Orsi Relini &
Giordano (1992) analysed 15 of these and found the exclusive presence of M. norvegica in
various developmental stages, thus indicating a monospecific predatory habit by the observed
whales.

Fin whales have long been thought to concentrate in summer in the Ligurian Sea for
feeding reasons (Duguy & Vallon, 1976; Viale, 1985; Duguy, 1990a). Relini et al. (1992, 1994)
and Orsi Relini ez al. (1992) demonstrated the strong correlation between whales and krill,
which they found to be present in the Ligurian Sea throughout the year, although in greater
concentrations during summer. They found the greatest densities of both whales and krill in
association with areas of divergence of the Ligurian-Provencal front.

Observations of fin whales engaging in feeding, frequent on many feeding grounds in the
world (e.g. Watkins & Schevill, 1979), are strikingly absent in the Ligurian-Corsican-
Provengal Basin, in spite of the wealth of direct observation time collectively spent by many
investigators on these feeding grounds. This is likely related to the vertical distribution and
movement pattern of the whales’ main prey in the area. Meganyctiphanes norvegica in the
Mediterranean is known to spend the daylight hours at depths often below 1000 m, and to
migrate to about 30-50 m from the surface only during the night (Casanova, 1970; Fran-
queville, 1971). Accordingly, fin whales in the Ligurian Sea perform the deepest dives known
for the species, exceeding 470 m (Panigada et al., 1999), and their feeding behaviour was thus
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never seen at the surface. For the same reason, foraging associations between whales and
marine birds are extremely scarce in the Ligurian-Corsican-Provengal Basin. Rare instances
have been reported of Cory’s shearwaters Calonectris diomedea and black terns Clidonias
niger flying over fin whales, perhaps attracted by swarms of euphausiids driven to the surface
by the feeding cetaceans (Forcada et al., 1996). Forcada et al. (1996) noted that fin whales in
the north-western Mediterranean feeding grounds were found in groups (mean = 1.44)
smaller than in most known feeding grounds in the North Atlantic (typically composed of
1.4-2.5 individuals), or in the Southern Ocean (mean = 2-3). Since whale group size is related
to the pattern of prey distribution, which in the Mediterranean is likely to be very patchily
dispersed over a wide area, a loose schooling behaviour would reduce intraspecific competi-
tion and maximize foraging efficiency (Forcada et al., 1996).

Very little is known about the availability of krill to whales in seasons other than summer,
and whether Mediterranean fin whales feed at other times of the year. Orsi Relini et al. (1994)
found krill in the Ligurian Sea in all seasons covered by their sampling (spring, summer and
autumn). In winter an indirect indication of abundance is provided by the well-known mass
stranding events of euphausiid swarms along the coast of western Liguria, southern France
and Monaco (Franqueville, 1971; Orsi Relini ef al., 1994). In the absence of better knowledge
throughout the region, it can be suggested that krill is available as a prey over a wide temporal
span, perhaps even year-round, and the hypothesis should be tested that fin whales in the
Mediterranean may not be limited by their environment to a strict summer feeding season.

Whether fin whales in the Mediterranean feed solely on krill is also unknown. Stomachs
were inspected and faeces were analysed only in the Ligurian-Corsican-Provencal Basin
during summer, and in different seasons and different areas whales may resort to other prey
types, such as small schooling fish. Jonsgard (1966) observed that in the North Atlantic fin
whales are planktophagous during summer and ichthyophagous in winter; this may also be
the case in the Mediterranean, where the potential importance of micronectonic fish should
not be neglected (Viale, 1985). The possibility that fin whales seen in unusually high numbers
near the coast in the Gulf of Lions in summer 1997 may have been engaging in feeding on
abundant sardines and anchovies was proposed by Beaubrun ez al. (1999). This event may
have been related to a possible temporal scarcity of the M. norvegica biomass, caused by a
supposed delay of the spring phytoplankton bloom. That fin whales in the wider Mediterra-
nean may not be as closely linked to M. norvegica is also indicated by reports of B. physalus
chasing fish from other portions of the region, such as the Alboran Sea (Canadas et al., 1999)
and off Ischia in the southern Tyrrhenian Sea (Mussi et al., 1999). More research is needed
in other Mediterranean areas where the existence of fin whale feeding grounds is suspected
in order to ascertain whether feeding occurs on fish as well as on crustaceans in such places.
Such areas would include the western Ionian Sea off the Greek coast, and the waters sur-
rounding the Sicilian island of Lampedusa (Marini et al., 1996d).

BEHAVIOUR

Fin whales, like most mysticetes, are social mammals which are presumed to be capable of
communicating over large distances (Payne & Webb, 1971). Because of the range of their
vocalizations, it is quite likely that they can maintain social cohesion even when perceived by
human observers to be alone. While we recognize the difficulty of reliably defining the concept
of a ‘group’ in mysticetes (see Clapham, 2000), the term ‘group’ used here means °... affilia-
tions in which two or more individuals swim side by side within 1-2 body lengths and
generally coordinate at least their surfacing and diving, as well as their speed and direction
of movement’ (Clapham, 2000).
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Table 2. Group sizes of fin whales observed in the Mediterranean Sea

n Mean S.E. Range Location Reference
478  2.15 1-30 Ligurian-Corsican-Provengal Basin ~ Duguy & Vallon (1976)
107 1.48 Ligurian Sea Zanardelli, Notarbartolo di Sciara &
Jahoda (1992)
20 1.5 0.19 14 Central Mediterranean Notarbartolo di Sciara er al. (1993)
53 1.5 0.1 1-3 Ligurian-Corsican-Provengal Basin ~ Forcada, Notarbartolo di Sciara &
Fabbri (1995)
62 144 0.08 Ligurian-Corsican-Provencal Basin  Forcada et al. (1996)
123 1.44 1.18  1-11 Central Tyrrhenian Sea Marini et al. (1996b)
1.44 Off north-western Sardinia Lauriano (1997)
1.25 Gulf of Lions, Ligurian-Corsican- Beaubrun er al. (1997)
Provengal Basin
1.64 Ligurian-Corsican-Provencal Basin ~ Gannier (1997b)
75 171 0.11 1-5 Ligurian Sea Airoldi et al. (1999)

Mean fin whale group size in the Mediterranean was often recorded, and is summarized
in Table 2. Most authors agree in reporting mean group sizes ranging between 1.3 and 1.7
whales. A notable exception is given by Duguy & Vallon (1976), who reported a much higher
mean group size of 2.15 with as many as 30 individuals seen together; these, however, might
have been feeding aggregations quite different from the close, coordinated associations
defined above. Group size values from the Mediterranean are lower than most of those
reported elsewhere, but intermediate between the values from the north-eastern US continen-
tal shelf given by Seipt et al. (1990) and those reported by Hain et al. (1992) from the same
area. This suggests that, aside from a problem of definition, the question of what makes fin
whales associate is a complex one that needs further investigation. Most Mediterranean
values refer to whales sighted on their summer feeding grounds, where a possible adaptive
explanation for smaller group sizes, related to the patchiness of prey, was proposed by
Forcada et al. (1996). It is noteworthy that in fin whale groups sighted year-round in the
central Tyrrhenian Sea, outside known feeding grounds, variance was higher and the maxi-
mum observed group size reached the unusually high value of 11 (Marini ez al., 1996b). Based
on re-sightings within seasons of photo-identified whales in the Ligurian Sea, group compo