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equatorial hiatus, seasonal, migration 1. The global distribution of fin whales Balaenoptera physalus is not fully under-

stood. Existing maps can be divided into two conflicting categories: one showing a
*Correspondence author. continuous global distribution and another showing an equatorial hiatus (gap in
the global distribution) between approximately 20°N and 20°S. Questions also
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P remain about the seasonal distribution of fin whales.
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Revision accepted: 30 April 2015 2. To explore the suggested equatorial hiatus and seasonal distribution patterns,
Editor: KH we synthesised information on fin whale distribution in the post-whaling era

(1980-2012) from published literature, publicly available reports and studies con-
doi:10.1111/mam.12048 ducted by various organisations. We created four seasonally stratified maps

showing line-transect density estimates, line-transect survey effort, acoustic detec-
tions, and sightings.

3. An equatorial hiatus in the global distribution of fin whales during the post-
whaling era is supported by numerous line-transect surveys and by the rarity of
equatorial acoustic detections and sightings, and corroborated by whaling era
reports, morphological analyses, and genetic analyses.

4. Our synthesis of post-whaling era data is consistent with results from other
studies indicating that fin whales are more abundant at higher latitudes during
warmer months and more abundant at lower latitudes (although these latitudes
are still greater than 20°) during colder months. However, our synthesis and
results from other studies also indicate that some fin whales in both hemispheres
remain in higher latitudes (50°-60° north or south) during colder months
and in lower latitudes (to approximately 20°-30° north or south) during warmer
months, indicating that seasonal fin whale movements differ from the seasonal
migrations of blue whales Balaenoptera musculus and humpback whales
Megaptera novaeangliae.

Mammal Review 45 (2015) 197-214 Published 2015. This is a US Government work and is in the public domain in the USA. 197



Post-whaling era fin whale distribution

E. F. Edwards et al.

5. Our maps of global fin whale distribution provide a comprehensive picture of
current knowledge and highlight important geographical and temporal data gaps.
Surveys should be conducted within the identified data gaps in order to increase
fine-scale spatial and temporal knowledge of distribution patterns, improve fin
whale taxonomy, and identify areas of elevated fin whale densities that may
require management of threats, such as ship strikes.

INTRODUCTION

During the commercial whaling era (approximately 1890—
1980), over 900000 fin whales Balaenoptera physalus were
removed from the global population, reducing abundance
by over 70% (Brownell & Yablokov 2009, Reilly et al. 2013).
Commercial whaling ceased globally in 1982 (with a few,
relatively small exceptions), when the International Whaling
Commission’s moratorium on whaling set catch limits to
zero (Stoett 2011). Fin whales are now protected by global
directives, such as the International Union for Conservation
of Nature (Endangered on the TUCN Red List of Threatened
Species) and the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (Appendix I).
They are also protected by law in the USA (Endangered
under the Endangered Species Act and Depleted under the
Marine Mammal Protection Act), Canada (Threatened
under the Canadian Committee on the Status of Endan-
gered Wildlife), Europe (Protected under Conservation of
Habitats and Species Regulations), the Mediterranean
region (Protected under the Agreement on the Conserva-
tion of Cetaceans in the Black Sea, Mediterranean Sea and
contiguous Atlantic area), the Pacific Islands region (Appen-
dix I and II of the Convention on the Conservation of
Migratory Species of Wild Animals) and Australia (Vulner-
able under the Environment Protection and Biodiversity
Conservation Act).

Fin whale abundance in the post-whaling era appears to
have increased off the west coast of the USA (Moore &
Barlow 2011), along the coast of western Greenland
(Heide-Jorgensen et al. 2010), in the Northeast and Central
Atlantic (Vikingsson et al. 2009) and in the northern Gulf of
Alaska (Zerbini et al. 2006). However, the recovery status of
fin whales in other areas is unclear. In a number of regions,
including the North Pacific Ocean, the North Atlantic
Ocean, the Mediterranean Sea and along the coast of South
Africa, ship strikes have been documented (Laist et al. 2001,
Panigada et al. 2006, Redfern etal. 2013). A study of ship
strikes that included 11 whale species found that fin whale
strikes were the most frequent (Laist et al. 2001). Additional
direct threats to fin whales include entanglement in fishing
gear and limited hunting (near Greenland, near Iceland, and
in the Antarctic; Reilly et al. 2013). Indirect threats include
pollution and contaminants, recreational and commercial

use of preferred habitat, increasing ocean noise, and reduc-
tions in prey and habitat availability because of climate
change. Appropriate management units are required for the
successful recovery of fin whale populations around the
world. To define these units, more information is needed
about fin whale taxonomy and population structure in the
post-whaling era. The Society of Marine Mammalogy
recognises the Northern Hemisphere, Southern Hemisphere
and pygmy subspecies of fin whales. Recent genetic analyses
show that finer-scale distinctions exist (i.e. North Pacific
and North Atlantic fin whales should not be considered one
subspecies), suggesting a need to revise global fin whale tax-
onomy (Archer et al. 2013).

Understanding the global distribution of a species can
help with taxonomic analyses. For example, distribution
gaps may suggest populations that are reproductively iso-
lated. Global maps of fin whale distributions in the Encyclo-
pedia of Marine Mammals (Aguilar 2009) and on OBIS-
SEAMAP (Ocean Biogeographic Information System
Spatial Ecological Analysis of Mega-vertebrate Populations;
Anonymous 2013a) show a continuous global distribution,
suggesting no spatial or temporal structure. However, other
global maps show an equatorial hiatus (gap in the global
distribution) between approximately 20°N and 20°S
(Mizroch etal. 1984, Meredith & Campbell 1988, Perry
et al. 1999, Reilly et al. 2013). Questions also exist about the
seasonal distribution of fin whales. Two of the hiatus maps
suggest seasonal migrations in both hemispheres, and that
fin whales occupy higher latitudes in warm months and
lower latitudes in cold months (Mizroch etal. 1984,
Meredith & Campbell 1988). Meredith and Campbell
(1988) suggest population substructure within each hemi-
sphere. Environmental envelope modelling also suggests
relatively continuous distributions in the North Pacific
Ocean, North Atlantic Ocean and Southern Hemisphere,
but reduced probability of occurrence between approxi-
mately 20°N and 20°S (mapping methods are described by
Kaschner et al. 2006; Kesner-Reyes et al. 2012; the map can
be viewed on the AquaMaps website; Anonymous 2013b).
Additionally, Mizroch et al. (2009) suggest that fin whales
remain in the temperate and/or polar North Pacific and are
not found south of approximately 20°N, even in winter.

To explore the global distribution of fin whales in the
post-whaling era (1980-2012), we synthesised information
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from published literature, publicly available reports, and
studies conducted by various organisations. Where possible,
we mapped published estimates of fin whale density from
dedicated line-transect surveys. We also mapped published
line-transect surveys in which very few or no fin whales
were seen, which allowed us to document areas where fin
whales were rare or absent. Line-transect effort was mapped
as the number and spatial extent of surveys. We also
mapped fin whale presence using acoustic detections and
sightings data, because recent analyses show that only 25%
of the world’s oceans has been surveyed for cetaceans using
line-transect techniques, and that survey effort is geographi-
cally uneven and biased towards summer months (Kaschner
et al. 2012). Maps for each data type (density, line-transect
effort, acoustic detections, and sightings) were stratified by
season, because migratory movements could create large
seasonal differences in the relative abundance of fin whales.

METHODS

Data sources

A wide variety of techniques are used to estimate cetacean
distribution, abundance, trends and population parameters
(e.g. birth and death rates), including line-transect surveys,
non-standardised surveys, photo-identification catalogues,
mark-recapture methods and incidental observations
(Forney & Wade 2006). We included location data collected
between 1980 and 2012 by studies using any of these tech-
niques, to summarise post-whaling era fin whale distribu-
tions. Data were taken from published literature and
publicly available reports, and were contributed by various
organisations (see the Acknowledgements and Appendix
S1). Stranding data were not included because the origin of
the stranded animal is usually unknown and may not be
well represented by the location of the stranding.

Seasonal fin whale density was mapped using published
estimates of density derived from line-transect surveys. We
included line-transect surveys in which no fin whales were
seen and large-scale line-transect surveys (573000 km® to
19.148 X 10° km*) in which one to eight fin whales were
observed, in order to document areas where fin whales are
absent and rare (Kinzey et al. 1999, 2000, Hammond et al.
2002, Mullin & Fulling 2003, Jackson etal. 2004, 2008,
Barlow & Taylor 2005, Hammond 2006); these surveys were
assigned a density of zero in the seasonally stratified maps.
The published boundaries for each survey, including survey
strata where available, were scanned, digitised, and
imported into mapping software (ArcGIS for Desktop 10;
Anonymous 2010) using the original projection, if known,
or the projection that provided as close a match as possible
to the published map. For a few small-scale line-transect
surveys in which no fin whales were sighted (e.g. Ballance
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etal. 2001, Dolar et al. 2006, Dualu-Drouout et al. 2008),
survey boundaries were approximated by a polygon encom-
passing all survey tracks. Vertices were added to each survey
boundary to ensure they were correctly re-projected when
mapping the global distribution.

Seasonal fin whale presence was mapped using acoustic
detections and sightings from all available sources. The
locations of acoustic detections have been published using
either the exact location of individual hydrophones (e.g.
Stafford et al. 2007, Nieukirk et al. 2012) or the area con-
taining SOSUS (US Navy Sound Surveillance System)
hydrophones (for these hydrophones, the exact location is
not made available, so they cannot be allocated to an indi-
vidual grid cell; see Moore et al. 1998, Charif & Clark 2009).
We used the geographical coordinates of hydrophone loca-
tions to map fin whale presence when available; otherwise,
the locations were digitised from published maps. The area
in the North Pacific (approximately 2.998 x 10° km?* Moore
etal. 1998) and the area in the Northeast Atlantic Ocean
(approximately 1.991 x 10° km? Charif & Clark 2009) con-
taining SOSUS hydrophones were mapped using the same
procedures followed for the line-transect surveys. The
detection range of a hydrophone varies according to equip-
ment and physical environment; the detection ranges of the
hydrophones associated with the studies that we used to
map fin whale distributions were between 10 and 100 km
(Payne & Webb 1971, Watkins et al. 1981, Sirovic et al. 2007,
Simon et al. 2010, Nieukirk et al. 2012, Delarue et al. 2013).

Sightings data included opportunistic sightings (e.g. Reid
etal. 2003), sightings from non-systematic surveys (e.g.
Matsuoka et al. 2009), sightings from line-transect surveys
(e.g. Barlow 2010), tagging locations (e.g. Sanpera et al.
1985, Mikkelsen etal. 2001) and photo-identification
studies (e.g. Aguilar et al. 1983). The geographical coordi-
nates of sighting locations were contributed from individual
studies, downloaded from OBIS-SEAMAP on January 2014
(Anonymous 2014), or taken from published literature.
When necessary, sighting locations were digitised from pub-
lished maps.

Mapping

Seasonal fin whale data were mapped in 100 x 100 km grid
cells using ArcGIS for Desktop 10 (Anonymous 2010). The
World Cylindrical Equal Area projection (WKID 54034)
was selected to maintain equal areas when working with
published estimates of fin whale density. The spatial resolu-
tion of the grid was derived from reported acoustic detec-
tion ranges (see Data Sources) and fin whale swimming
speeds. Fin whales are capable of swimming at a wide range
of speeds, but on average they swim at 2—6 km/hour (Ray
et al. 1978, Watkins et al. 1981, 1996, Mikkelsen et al. 2001,
Heide-Jorgensen et al. 2003, Lafortuna et al. 2003, Gannier
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2005, Schorr etal. 2010). Consequently, each side of our
100 x 100 km grid cells represents approximately the dis-
tance travelled each day by fin whales at an average swim-
ming speed of 4 km/hour.

Published density estimates from line-transect surveys
were assigned to all grid cells within and on survey bound-
aries. Strata-specific density estimates were used when avail-
able. If a grid cell was within the boundary of multiple
strata from a single survey (e.g. a grid cell crossed the
boundary of two strata), the area of the cell within each
stratum was calculated and the cell density was calculated as
the area-weighted average of the strata densities. When a
grid cell contained density estimates from multiple surveys
(e.g. surveys conducted in multiple years), the cell density
was calculated as the average of the survey densities within
each season. It can be challenging to compare density esti-
mates from different surveys because line-transect methods
and assumptions may vary between surveys (Williams et al.
2011, Jewell etal. 2012). Consequently, we followed the
approach of Forney and Wade (2006) and mapped three
broad categories of densities. The category limits were
selected based on the frequency distribution of density esti-
mates in individual cells. Additionally, we assessed north—
south patterns in summer fin whale densities in each
hemisphere (June to August in the Northern Hemisphere,
December to February in the Southern Hemisphere) by
averaging the grid cell densities in 10° latitudinal bands.

Individual grid cells containing one or more sightings or
acoustic detections from hydrophones in known locations
were assigned a fin whale presence. Fin whale presence was
also assigned to all grid cells within and on the boundary of
larger areas containing SOSUS hydrophones. Seasonally
stratified maps (December—February, March—May, June—
August and September—November) were produced for each
data type (density, line-transect survey effort, acoustic
detections and sightings). Density estimates were assigned
to season using the survey dates. When a survey was con-
ducted in multiple seasons, the estimated density was
assigned to all seasons containing 10 or more survey days.
Acoustic detections and sightings were assigned to season
using reported dates. Maps are presented using the Robin-
son projection (WKID 54030) centred on 60°W. Higher
resolution versions of seasonal maps for density, line-
transect effort, acoustic detections and sightings are pre-
sented in Appendices S2-S17.

RESULTS

Line-transect surveys, acoustic detections and sightings
suggest that the global distribution of fin whales includes
temperate and polar latitudes in both hemispheres. These
areas are separated by an equatorial hiatus in the global dis-
tribution. Fin whale density was generally greater than zero
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at latitudes north of 20°N in the North Pacific Ocean (38
studies conducted primarily between June and November),
north of 30°N in the North Atlantic Ocean (52 studies con-
ducted primarily between June and August) and south of
50°S in the Southern Hemisphere (nine studies conducted
primarily south of 60°S between December and February;
Figs 1 and 2; Appendices S1-S9). Summer fin whale density
appears to peak near 70°N and 50°S (Fig. 3). In the southern
hemisphere, the peak in fin whale density is based on a
single survey conducted in the Scotia Sea and around the
Antarctic Peninsula between December and February
(Figs 1 and 2; Appendices S2 and S6). Latitudinal peaks in
fin whale density could not be assessed in other seasons
because the number of surveys was too small.

At the three higher-latitude locations with line-transect
survey effort during all four seasons (Figs 1 and 2; Appendi-
ces S2-S9), fin whales were absent (the Aleutian Islands,
Brueggeman etal. 1987), rare (California, Forney etal.
1995), or less dense (northeast USA, Kenney et al. 1985)
during the boreal winter (December—February) and more
abundant during the boreal summer (June—August), consis-
tent with well-known seasonal differences in detection fre-
quency in these areas (e.g. Clapham & Irene 1991, Forney &
Barlow 1998, Mizroch et al. 2009). Similarly, fin whales tend
to be seen more frequently in the summer than in the
winter in the most northerly areas of the western Mediterra-
nean Sea (e.g. the Ligurian Sea; Notarbartolo di Sciara et al.
2003, Laran & Drouot-Dulau 2007, Aissi et al. 2008). Line-
transect surveys failed to detect fin whales at higher lati-
tudes (north of about 20°N) in only a few areas and seasons,
including the southern and eastern Mediterranean Sea
(May—October; Forcada et al. 1996, Boisseau etal. 2010),
the North Sea (June—August; Hammond etal. 2002,
Hammond 2006), the southeastern coast of the USA
between Cape Hatteras and southern Florida (January—
August; Appendix S1), the northeastern temperate Pacific
(March-June; Barlow & Taylor 2005), and the Chukchi-
Beaufort Sea area (June—-November; Ljungblad et al. 1988,
Anonymous 2007, Ireland etal. 2009, Clarke & Ferguson
2011, Clarke et al. 2011; Fig. 1; Appendices S2-S5).

Fin whale presence data (89 studies in the Northern Hemi-
sphere and 25 studies in the Southern Hemisphere; Appendix
S1) are consistent with the patterns from line-transect
surveys that show fin whale densities greater than zero at
higher latitudes in both hemispheres. Specifically, fin whale
acoustic detections and sightings occurred at higher latitudes
in the Northern Hemisphere (north of 20°N) during all
seasons (Figs 4 and 5; Appendices S10-S17); sightings were
most numerous during summer (June—August), but also
occurred during winter (December—February), spring
(March—May), and autumn (September—November). In the
Southern Hemisphere, fin whale sightings were also most
numerous at higher latitudes (south of 20°S) during summer

200 Mammal Review 45 (2015) 197-214 Published 2015. This is a US Government work and is in the public domain in the USA.



Post-whaling era fin whale distribution

E. F. Edwards et al.

‘sdew 8say1 JO SUOISIBA uonN|osal Jaybiy 4oy GS—zS sadipuaddy 995 JaquIsAoN
—laquialdas (p) ‘1snbny—aunr (3) ‘KejN—uiel (0) ‘Aienigad—laquiadaq (e) :(;wy Jad ssjeym uly) Alsusp [euosess abelane snjesAyd eisidouseieg sjeym uly (Z102-0861) eJe buleym-1sod L “6ig

6100 =< [l 6100 > pue c00'0 =< [ €000 > puE D < o 6100 =< [l 6100 > pue coo'o =< M €000 > pue o < 0
2wy Jad sejeym Luny Jad sajeym

ms ws mg b s?a .5.8 .S.g:?eu_?rnm_ 8— 2.051

3.06 3.08 3.0€ .0 M.Of M.09 M.06 M.OZLM.0SI 081 3.051
= - “ - - - . < - i -

8.00 <o B i .‘ \@; i . T sm

T Nere e (p) e e e S e (29)
JaquianoN —Jaquisydag 1snBny—aunp
6100 =< [l 6100 > pue €000 =< I €000 >PUEO < [} 6100 =< [l 6100 > pue €000 =< [ €00°0>pue < 0
.w)y Jad sajeym 2wy Jad sajeym

3.06 3.00 3.06 .0 M.OE M.09 M.06 M.OZIM.0SL 081 3.051 ms 3.00 3.08 D ;-S ;as ;.8 ;ueﬂwgcs_. 2— 3.054
e ..i..!rn.h. . n.l.m

w.g 3.08 w.g 0 MOE M08 M.06 M.OZLM.05L 081 3,051 ADV 3,06 3.00 3.06 .0 AOE A.09 M.D6 M.OZLM.OSL .08l 3.05L Amv

Aepy —yosepy Aenige4—Jaquadaq

201

Mammal Review 45 (2015) 197-214 Published 2015. This is a US Government work and is in the public domain in the USA.



E. F. Edwards et al.

Post-whaling era fin whale distribution

"sdew 9say} JO SUOISIDA UOIN|OSaJ 13YBIY 10} 65-95 Sadipuaddy 995 IaqUISAON

—13quialdas (p) 1snbny—aunr () ‘RelN—-ydue (q) ‘Aienigad—aquiadaq (e) :(192 pub wX 00l X 001 Jod skoains jo Jaquunu) Hoyd ASAINS 1dasueI}-aul| [BUOSESS (Z10Z-0861) eld Bulleym-1sod °z 614

oz< [ oz-u [N o-o [N s-z '
(unf 004 X wf 00L) 1192 pUB Jad skaains jo saquiny

3.08 3.00 30C .0 M.OE M.OF M.0E M.OZIM.0SE 081 3.081
- , ; " s -
T = -
- e - il

3.06 3.08 306 0 MOE M09 MO8 M.OZLM.0SL 081 3.051

JaquianoN - Jaquisides

oz< [ oz-1 [N oi-o [N §-2 '
(wx 001 x wy 001) 182 pub Jad skeains jo sequiny
3.06 3.00 308 .0 M.OE M.09 M.06 M.OZIM.0SI .08 3.051

—_——
e =

T

s.00

N.09 %.&uv\f/, \ e & 5 ltw.l““%ﬂh“ \\ -

3.06 3.00 3.06 .0 M.OE M.09 M.06 M.OZEM.0SI 081 3.054 AQV

Aepy—yosep

oz< [N oz-u [N oi-o [N s-Z 3
(w 0ot x wy 00t) 1182 pubB sad shaains jo Jaquiny

3.06 3.08 3.0€ .0 MOE M09 M.08 MOZIM.OSL 081 3051

f e el e =

1snBny —aunp

oz < [ oz-u [ oi-o [l §-2 i
(usy 001 x W 004) 1122 PUB Jad shanins Jo saquiny

3.06 3.00 3.0¢ .0 M.0E M.00 M.06 M.OZIM.05L .08L 3.051
= - - - + : - . -

Ateniga4—Jaquaoseq

Mammal Review 45 (2015) 197-214 Published 2015. This is a US Government work and is in the public domain in the USA.

202



E. F. Edwards et al.

(a)
— 0016 4
S
< 0.014
[
b 0.012
«
<G
= 0.01 -
2
= 0.008
2 0.006 -
g P
P 0.004
2
S 0.002 -
£ 0 o 'y s :
0 10 20 30 40 50 60 70 80

(b)
& 0003 -
£ .
5 0.0025
o
3
= 0002 |
=
2
< 00015
=
2

0.001 -
S . »
Q@ [}
©  0.0005
=
2
£ 0 : 3 : : : : : )
- 0 10 20 30 40 50 60 70 80

Latitude (degrees)

Fig. 3. Post-whaling era (1980-2012) fin whale Balaenoptera physalus
average summer density (a) June-August in the Northern Hemisphere
and (b) December—February in the Southern Hemisphere, in 10° latitu-
dinal bands. Error bars represent + 2SE.

(December—February; Fig. 5; Appendices S14-S17). Post-
whaling era data are very limited in other seasons, but some
sightings have been documented during all seasons between
Argentina and Antarctica (near the Falkland Islands at
approximately 50°S-55°S) and west of Chile (approximately
30°S; Fig. 5; Appendices S14-S17). Acoustic detections have
also been documented in the Southern Ocean during
summer, autumn and winter (December—August; Fig. 4;
Appendices S10-S13). In 40 non-standardised studies
(Appendix S18), fin whales were not detected in only four
locations at latitudes higher than 30° north or south: the
Black Sea (Notarbartolo di Sciara 2002, Dede & Tonay 2010),
the North Indian Ocean (Ballance & Pitman 1998), and in
fjords in eastern Canada (Diemer etal. 2011) and New
Zealand (Lusseau & Slooten 2002). The northernmost obser-
vations of fin whales in the Pacific Ocean were made in the
southern Chukchi Sea, at approximately 70°N, between June
and August (Figs 4 and 5; Appendices S10-S17). In the Atlan-
tic Ocean, the northernmost observations of fin whales were
also made between June and August, at approximately 80°N
between eastern Greenland and Svalbard, and approaching
the ice edge at approximately 70°N between Canada and
western Greenland (Figs 4 and 5; Appendices S10-S17). The
southernmost observations of fin whales were made between
December and February. They were found approaching the
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ice edge in the Southern Ocean at approximately 80°S (Figs 4
and 5; Appendices S10-S17).

Line-transect surveys suggest that fin whales are rare to
absent in equatorial latitudes between 20°N and 20°S
(Figs 1 and 2; Appendices S2—-S9). Several of these surveys
were conducted over large spatial scales and multiple
seasons: 13 surveys were conducted in the Gulf of Mexico
(all seasons; approximately 25°N-30°N), 10 surveys were
conducted off the east coast of the USA, south of Cape
Hatteras (December—August; approximately 25°N-35°N),
and 20 surveys were conducted in the eastern tropical
Pacific Ocean (July—December; approximately 30°N-20°S).
Additionally, several smaller-scale surveys were conducted,
including off the east coast of Brazil (August—October;
Andriolo etal. 2010), near the Maldives Islands (April;
Ballance et al. 2001), in the Bay of Bengal (February; Smith
etal. 2008), in the Mergui Archipelago (February—March;
Smith & Tun 2008), and near Reunion Island (all seasons;
Dualu-Drouout etal. 2008; Figs1 and 2; Appendices
S1-S9). An equatorial hiatus is also consistent with the
rarity of fin whale acoustic detections and sightings
between approximately 20°N and 20°S (Figs4 and 5;
Appendices S10-S18).

DISCUSSION

Our synthesis of information from published literature,
publicly available reports and studies conducted by various
organisations suggests that the global distribution of fin
whales in the post-whaling era (1980-2012) includes tem-
perate and polar latitudes higher than approximately 20°N
in the North Pacific Ocean, 30°N in the North Atlantic
Ocean, and 20°S in the Southern Hemisphere (Fig.6). It
also suggests that the distribution of fin whales in the
Northern and Southern Hemispheres is separated by an
equatorial hiatus (Fig. 6). This global distribution pattern
conflicts with maps suggesting that fin whales are distrib-
uted from pole to pole (Aguilar 2009, Anonymous 2013a);
instead, it agrees with maps showing an equatorial hiatus
(Mizroch etal. 1984, Meredith & Campbell 1988, Perry
et al. 1999, Anonymous 2013b, Reilly et al. 2013). The lati-
tudinal boundaries proposed for the equatorial hiatus in the
global distribution of fin whales do not represent strict
boundaries, because both fin whale abundance and habitat
are spatially and temporally dynamic.

An equatorial hiatus in the global distribution of fin whales
during the post-whaling era is supported by line-transect
surveys in multiple oceans (Figs 1 and 2; Appendices S2-S9)
and by a general lack of sightings (Fig. 5; Appendices S14—
S18). For example, only two fin whale sightings (at approxi-
mately 16°N and 15°S) were made during 10 years of
dedicated line-transect surveys conducted in the eastern
tropical Pacific Ocean from July to December (Hamilton et al.
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Fig. 6. Global distribution of fin whales Balaenoptera physalus in the post-whaling era (1980-2012). Blue (dark grey in grey-scale) indicates fin

whale occupancy.

2009). Additionally, only six fin whale sightings out of 997
sightings of large whales identified to species were made in the
same general area during all seasons between 1980 and 1990
on more than 470 tuna purse-seine trips carrying trained
scientific observers (Jackson 2012). Although there have been
some acoustic detections of fin whales between 15°N and
30°N in the Atlantic Ocean, these detections were much less
common at the southernmost than at the northernmost
hydrophones (Nieukirk et al. 2004). Pulse series similar to
those attributed to fin whales in the North Atlantic have been
recorded between 8°N and 8°S in the eastern tropical Pacific
Ocean (Stafford et al. 1999). However, attributing these series
to fin whales is not consistent with the significant survey effort
in this region, as noted by Stafford et al. (1999). Additionally,
fin whales were not reported in 34 cetacean presence studies
conducted between 23°N and 12°S (Appendix S18).

An equatorial hiatus in the global distribution of fin
whales is also corroborated by whaling era reports, mor-
phological analyses, and genetic analyses. Specifically, most
catches of fin whales occurred north of approximately
30°N in both the North Atlantic and North Pacific Oceans,
and south of approximately 20°S in the Southern Hemi-
sphere (Kellogg 1929, Mackintosh 1946, Nishiwaki 1966,
Tomilin 1967, Christensen et al. 1992). A few whaling era
records exist of fin whale catches in equatorial regions: off
the coast of Ecuador (approximately 0% Clarke 1962), off
the coast of Peru (approximately 15°S; Clarke 1962, Reeves

& Smith 2006), off the coast of Congo (approximately 0°%
Mackintosh 1942) and off the coast of Angola (approxi-
mately 15°S; Mackintosh 1942). However, although signifi-
cant whaling effort occurred in these areas (thousands of
humpback whales Megaptera novaeangliae were caught;
Mackintosh 1942), fin whale catches were infrequent and
did not lead to sustained fin whale fisheries. Whaling
reports suggest that an equatorial hiatus in the global dis-
tribution of fin whales is likely to have existed during the
whaling era as well as during the post-whaling era.

Fin whales in the Northern and Southern Hemispheres
have been designated as separate subspecies based on mor-
phological differences (Aguilar 2009), suggesting reproduc-
tive isolation within each hemisphere. Recent genetic
analyses suggest that populations in the North Pacific and
North Atlantic Oceans should not be considered the same
subspecies (Archer et al. 2013), implying that they are also
reproductively isolated. These patterns of reproductive iso-
lation are consistent with an equatorial hiatus in the global
distribution of fin whales. An equatorial hiatus is also con-
sistent with the near-complete absence of fin whale sight-
ings within the North Indian Ocean during the whaling era
(Tomilin 1967) and thereafter (Figs 1 and 5; Appendices
$2-85 and S14-S18).

Questions remain about the seasonal distribution of fin
whales within temperate and polar areas (see Mizroch et al.
2009). Although relative abundances may change seasonally
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in the northern and southern portions of these areas, fin
whales are found in many regions year-round, which has
important management implications. Line-transect surveys
conducted during multiple seasons at three higher-latitude
locations in the post-whaling era provide results consistent
with those of other studies showing that fin whales are more
abundant at higher latitudes during warmer months and
more abundant at lower latitudes (although these latitudes
are still greater than 20°) during colder months. For
example, fin whales catches and sightings were more
common during summer months than during winter
months at latitudes greater than 50°N in the Northern
Hemisphere off Labrador-Newfoundland (Hay 1982),
around Greenland, Iceland, the Faroe Islands, and Norway
(Jonsgard 1966), and in the Bering Sea, Chukchi Sea, and
Gulf of Alaska (Mizroch et al. 2009). Similarly, catches and
sightings were more common during summer months
south of about 50°S in the Southern Hemisphere (Kellogg
1929, Tomilin 1967). Tagging studies in Antarctica (Brown
1962) and the North Pacific (Mizroch etal. 2009) have
documented fin whale movement from higher latitudes to
lower latitudes during winter months.

Both our synthesis of post-whaling era data and results
from other studies suggest that some fin whales remain in
higher latitudes during colder months and in lower latitudes
during warmer months, indicating that not all fin whales
perform concerted seasonal migrations. For example, fin
whales have been observed at higher latitudes during all
seasons in the North Atlantic Ocean off Norway between
approximately 60°N and 70°N (Kellogg 1929, Jonsgard 1966),
near the Faroe Islands at approximately 62°N (Jonsgard
1966), and off Newfoundland at approximately 55°N
(Jonsgard 1966). In the North Pacific Ocean, numerous fin
whale acoustic detections and sightings have been made north
of 40°N during winter months (Mizroch et al. 2009). In the
Southern Hemisphere, fin whales were observed year-round
near South Georgia at approximately 54°S (Mackintosh 1942)
and off the coast of Chile (Tomilin 1967, exact location not
reported). During the summer months, numerous fin whale
sightings have been made atlower latitudes (north of approxi-
mately 20-30°N) in both the North Atlantic and North Pacific
Oceans (Fig. 5; Appendices S14-S17). Although they are less
frequent, summer sightings have also been made at lower
latitudes (south of approximately 20-30°S) in the Southern
Hemisphere (Fig. 5; Appendices S14-S17). These observa-
tions at higher latitudes during cold months and lower lati-
tudes during warm months support the suggestion by
Mizroch et al. (2009) that some individuals may remain at
these latitudes year-round, that some individuals may make
short migrations before returning to these latitudes, or that
the population structure of fin whales is more complicated
than is suggested by a simple seasonal migratory movements
model.

Post-whaling era fin whale distribution

The important question of where fin whales breed
remains to be answered. Morphological data collected
during the whaling era indicate that fin whales breed pri-
marily during winter in both Northern and Southern Hemi-
spheres (Lockyer 1986). Increased sightings during winter,
rather than summer, months are uncommon. In both hemi-
spheres, the few reports available of higher abundance
during winter months come from lower, temperate latitudes
(approximately 30-35°), including off the coasts of Japan
and Korea (Omura 1950, Tomilin 1967) and around the tip
of South Africa, at Saldanha Bay on the south-western coast
and Durban on the south-eastern coast (Mackintosh &
Wheeler 1929). Tagging studies during and after the whaling
era provide some additional information about fin whale
movements within temperate and polar latitudes. Specifi-
cally, movements have been observed between the Southern
Ocean and the coasts of Chile, Brazil and South Africa (30—
70°S; Brown 1962), between the Azores and Iceland (40—
65°N; Silva etal. 2013), between the northwest coast of
Mexico (central Baja California) and the west coast of the
USA (northern California, 26-40°N; Falcone & Schorr
2014), between the Faroes and westward of the Bay of
Biscay (46—62°N; Mikkelsen etal. 2001), and along the
coasts of the western and eastern North Pacific (30-60°N;
Mizroch et al. 2009). Recent satellite tagging conducted off
the south-western coast of the USA found that fin whales
aggregated along the coast during autumn and winter, dis-
persed farther offshore during spring and summer, and
used several areas year-round (Falcone & Schorr 2014).
None of the tagged fin whales travelled south of approxi-
mately 26°N (Falcone & Schorr 2014).

Based on the scarcity of winter sightings and catch
records, Wheeler (1946) and Hain etal. (1992) suggested
that fin whales generally disperse to unobserved, open
ocean areas during their winter breeding season. While our
maps cannot be used to identify breeding areas, they do
suggest that fin whale breeding areas differ from those of
blue whales and humpback whales. In particular, blue
whales and humpback whales are known to migrate from
high-latitude, temperate feeding grounds to low-latitude,
tropical breeding grounds (Clapham 2009, Sears & Perrin
2009). The line-transect surveys in the eastern tropical
Pacific were conducted between August and November,
when southern hemisphere whales would be expected to
breed in this area. Blue whales and humpback whales were
observed on these surveys, but fin whales were not
(Hamilton etal. 2009). The equatorial hiatus in the
global distribution of fin whales suggests that fin whales
do not conduct the same long-distance, seasonal migra-
tions to tropical latitudes as blue whales and humpback
whales.

Our maps highlight important geographical and
temporal data gaps in our knowledge of global fin whale
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distribution. As seen in a global review of cetacean line-
transect surveys conducted by Kaschner etal. (2012), line-
transect survey data were biased towards the Northern vs.
the Southern Hemisphere, summer vs. winter seasons, and
near-shore vs. pelagic areas. Even in the Northern Hemi-
sphere, most areas have been surveyed only once, generally
during a single season, and there are many data gaps
(Fig. 2; Appendices S6-S9). In the Southern Hemisphere,
data are available primarily from the Southern Ocean
during austral summer, from December to February
(Fig. 2; Appendices S6-S9). The Southern Hemisphere is a
particularly important data gap because the majority of fin
whale catches occurred in this hemisphere (Reilly et al.
2013). In particular, surveys that have been conducted in
the post-whaling era in the Southern Hemisphere do not
include formerly important winter whaling areas such as
Saldanha Bay and Durban on the west and east coasts of
South Africa (Kellogg 1929, Mackintosh & Wheeler 1929,
Mackintosh 1942, 1966, Best 1994), and along the east and
west coasts of South America (Clarke 1962, Zenkovich
1962, Jose Perez et al. 2006, Reeves & Smith 2006). Also,
the post-whaling era Southern Ocean surveys (Branch &
Butterworth 2001a) may not have included a potentially
large number of fin whales occupying feeding grounds
somewhat north of the Southern Ocean boundary
(Miyashita et al. 1995, Branch & Butterworth 2001b). The
one line-transect survey conducted just north of the
Southern Ocean (Hedley et al. 2001) did record higher fin
whale density (Fig. 1; Appendices S2-S5). In the Pacific
Ocean, there are very few post-whaling era data from the
former whaling areas around Japan and Korea (Omura
1950), and none south of Japan (approximately 35°N),
including in the East China Sea between Japan and Taiwan
where a separate stock of fin whales may have been exter-
minated by whaling (Nishiwaki 1966). Similarly, very few
post-whaling era data are available from the southern
Indian Ocean despite the importance of various whaling
areas there (Miyashita etal. 1995, Reeves & Smith 2006).
Conducting surveys within these identified data gaps is
important, as is collecting data to characterise more accu-
rately the seasonal distributions and movements of fin
whales in areas of known presence.

Our seasonally stratified maps of fin whale global distri-
bution during the post-whaling era show that an equato-
rial hiatus exists between fin whale distributions in the
temperate and polar latitudes of the Northern and South-
ern Hemispheres. This hiatus suggests that fin whales do
not make the long-range, seasonal migrations into tropical
regions that are typical of other large baleen whales (blue
whales and humpback whales). While changes in abun-
dance can be seen between the higher and lower latitudes
within their temperate and polar distributions, fin whales
occupy many regions during all seasons, which suggests a

E. F. Edwards et al.

need for year-round management considerations. To gain a
more complete understanding of fin whale distributions,
we must address the important geographical and temporal
data gaps highlighted by our global maps. This informa-
tion can provide fine-scale knowledge of distribution pat-
terns, which could improve our understanding of fin whale
taxonomy and enhance our ability to identify areas of
elevated fin whale densities that may require management
of threats, such as ship strikes.
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Appendix S1. Data sources for fin whale (Balaneoptera physalus) distribution maps. DPS = detected presence study, LTS = line transect study,

AD = acoustic detections,OS = opportunistic sightings, MR = mark/recapture, ST = satellite tags.
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SEFSC 2011 southest coast, USA LTS ship, OS 2011 June - August
SEFSC 1981  Gulf of Mexico LTS ship 1981 August - September
SEFSC 1993  Gulf of Mexico LTS ship 1993 January - February
Mullin et al. 1994  Gulf of Mexico DPS 0os 1989 fall

SEFSC 1994  Gulf of Mexico LTS ship 1994 August - September
Jefferson and Schiro 1997  Gulf of Mexico review 0os unknown summer
SEFSC 1999  Gulf of Mexico LTS ship 1999 August - September
Davis et al. 2000  Gulf of Mexico GULFCET 1l LTS ship+aerial 1996 - 1998 all months
SEFSC 2001la  Gulf of Mexico LTS ship 2001 August - September
SEFSC 2003  Gulf of Mexico LTS ship 2003 June - August
SEFSC 2004  Gulf of Mexico LTS ship 2004 April-June
Maze-Foley and Mullin 2006  Gulf of Mexico LTS ship 1991 - 2001 spring
SEFSC 2007  Gulf of Mexico LTS ship 2007 June - August
SEFSC 2009  Gulf of Mexico LTS ship 2009 June - August
SEFSC 1995  Carribean LTS ship 1995 January - March
SEFSC 2001b  Puerto Rico LTS ship 2001 February - April
Swartz and Burks 2000  Venezuela DPS 0os 2000 February - April
Ridoux et al. 2010 French Guiana AAMP-France DPS oS 2008 October
Atlantic Ocean; south, west:

Andriolo et al. 2010 Brazil LTS ship 1998 - 2001 August - October
Siciliano et al. 2011  Brazil review 0s 2002 - 2006 March - July
White et al. 2002  Southwest Atlantic (Falklands) DPS 0os 1998 - 2001 all months
SWA/INCC 2012 Southwest Atlantic (Falklands) DPS 0os 1998 - 2001 all months
Pacific Ocean; north:

Moore et al. 1998  north Pacific Ocean DPS AD 1991 - 1992 all months
Mizroch et al. 2009  north Pacific Ocean NMML/POP DPS 0s 1980 - 2001 all months
Matsuoka et al. 2011  north central Pacific Ocean IWC/Japan survey DPS 0os 2010 July - August
Pacific Ocean; north, east:

McDonald et al. 1995 northeast Pacific Ocean DPS AD 1990 August
Moore et al. 1999  northeast Pacific Ocean DPS OS/AD 1994 July-Aug., Jan.-Nov.
Jones et al. 2011 northeast Pacific Ocean DPS AD 2000 - 2010 September - November
SWEFSC/Research Cruises 2012 northeast Pacific Ocean DPS 0os 1980 - 2010 all months
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Brueggeman et al. 1987  Alaska LTS aerial 1985 April - December
Treacy 2002 Beaufort Sea LTS aerial 2000 September - October
BOEMRE-MMS Alaska 2007 Bering, Beaufort, Chukchi Seas LTS aerial, OS 1981 - 2004 July - October
Ljungblad et al. 1982  Chukchi Sea DPS (O} 1981 July
Ljungblad et al. 1988 Beaufort and Chukchi Seas LTS aerial 1979 - 1987 September - October
Clarke et al. 2011 Chukchi Sea LTS aerial, OS 2008 - 2010 June - November
Clarke and Ferguson 2011  Chukchi Sea LTS aerial 1989 - 1991 September - October
Ireland et al. 2009  eastern Chukchi Sea LTS aerial 2006 - 2008 July - November
NMML/CHAOZ 2011 Bering and Chukchi Seas DPS AD 2011 August - September
Moore et al. 2002 Bering Sea LTS ship 1999, 2000 June - August
Tynan 2004  Bering Sea LTS ship 1997, 1999 June - August
Friday et al. 2012 Bering Sea LTS ship 1999 - 2004 June - July
Baretta and Hunt 1994  Pribilof Islands DPS 0os 1987 - 1989 July - August
Stafford et al. 2010  southeast Bering Sea DPS AD 2006 - 2007 all months
Stewart et al. 1987  Aleutian Islands DPS 0os 1984 July - August
Zerbini et al. 2006  Aleutian Islands LTS ship 2001 - 2003 July - August
Troy 1992 Unimak Pass, Alaska LTS ship 1986 - 1987 September - May
Stafford et al. 2007  Gulf of Alaska DPS AD 1999 - 2002 all months
Dahlheim et al. 2009  southeast Alaska bays DPS 0os 1991 - 2007 summer
Maynard 2011 Uganik Bay, Alaska DPS 0os 2008 December
Gregr et al. 2006 British Columbia DPS 0os 2002 - 2004 Spring, Summer
Williams and Thomas 2007 British Columbia LTS ship 2004, 2005 summer

Best and Halpin 2009 British Columbia LTS ship 2006 - 2008 spring-fall

Ford et al. 2010 British Columbia DPS AD 2006 - 2007 February - September
CRP/FOC 2012 British Colombia Cetac. Res. Prog. DPS 0os 2002 - 2010 January - October
BCCSN 2012 British Colombia DPS (O] 1983 - 2012 all months
Victoria Times Colonist 2011 British Columbia DPS 0s 2011 September
Wilcock and Thomson 2009 Juan de Fuca Ridge DPS AD 2003 - 2006 all months
Calambokidis et al. 2004 northern Washington LTS ship 1995 - 2002 June - July
Barlow and Taylor 2005  northeastern temperate Pacific SWAPS LTS oS 1997 March-June
Barlow 1994 California-Mexico LTS ship 1979, 1980 June - October
Forney et al. 1995 California LTS aerial 1991, 1992 February - April
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Miyashita 2004  Japan/Korea DPS oS 2003 June
Yong-Rock et al. 2011  Korea East Sea LTS ship 2010 May - June
Miyashita 2007  Japan DPS 0os 2006 May - June
de Boer 2000  South China Sea DPS oS 1999 March - April
Fulling et al. 2011 Guam, Marianas LTS ship 2007 January - April
Dolar et al. 2006 central Phillipines LTS ship 1994, 1995 May - June
Dolar 2006 Phillipines DPS [6F] 1999 July

Pacific Ocean; south, west:

AADC-NWDSSD 2012 Australia DPS 0sS 1980 - 1999 all months
Miller et al. 2012 Australia SORP 2012 DPS oS 2012 March
McDonald 2006 New Zealand DPS AD 1997 all months
Indian Ocean

Keller et al. 1982 Seychelle Islands, Indian Ocean DPS oS 1980 April - June
Jayasankar et al. 2007  SW of Madagascar, Indian Ocean DPS 0os 2004 January - March
de Boer et al. 2002 Indian Ocean/Southern Ocean DPS oS 1999 - 2000 all months
Corbett 1994 Mauritius area DPS 0os 1991; 1992 August, June
Ballance et al. 2001 Maldives LTS ship 1998 April

Smith et al. 2008 Bay of Bengal LTS ship 2004 February
Smith and Than Tun 2008 Mergui Archipelago, Myanmar LTS ship 2005 February - March
Dulau-Drouot et al. 2008 La Reunion Island LTS ship 2004 - 2007 all months
Southern Ocean

IwC 2012  Southern Ocean IDCR-SOWER DPS 0os 1978 - 2010 December - March
Branch and Butterworth 2001 Southern Ocean IDCR-SOWER LTS ship 1978 - 1998 December - February
AADC-CSSSOCP 2012  Southern Ocean DPS ship 1995 - 2004

Bowles et al. 1994 Heard Island DPS AD 1991 January - February
Moore et al. 1999 South Georgia DPS 0sS 1979 - 1998 all months
Burkhardt and Lanfredi 2012 Elephant Island ANT-XXVIIl/4 DPS (6] 2012 March - April
Hedley et al. 2001 Antarctic peninsula, Scotia Sea CCAMLR-IWC LTS ship 2000 January - February
Sirovic et al. 2004  west Antarctic peninsula DPS AD 2001 - 2003 all months
Thiele et al. 2004  west Antarctic peninsula SO GLOBEC LTS ship 2001 - 2002 April -June
Matsuoka et al. 2006 Southern Ocean (35°E-145°W) JARPA LTS ship 1989 - 2005 January - February
Gedamke et al. 2007  east Antarctic, south Australia DPS AD 2004 - 2007 all months
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AD = acoustic detections,OS = opportunistic sightings, MR = mark/recapture, ST = satellite tags.

Sirovic et al. 2009  Antarctic DPS AD 2003 - 2004 all months
Gedamke and Robinson 2010  east Antarctic BROKE-West DPS AD 2006 January - February
Scheidat et al. 2011  Antarctic DPS (O} 2006 - 2009 November - January
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Appendix S2. Higher resolution version of Figure 1a: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) average seasonal density (fin whales km-2) in December-February.
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Appendix S3. Higher resolution version of Figure 1b: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) average seasonal density (fin whales km-2) in March-May.
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Appendix S4. Higher resolution version of Figure 1c: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) average seasonal density (fin whales km-2) in June-August.
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Appendix S5. Higher resolution version of Figure 1d: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) average seasonal density (fin whales km-2) in September-November.
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Appendix S6. Higher resolution version of Figure 2a: post-whaling era (1980-2012) seasonal line-transect survey
effort (number of surveys per 100km x 100km grid cell) in December-February.



March - May
150°E 180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E

. i e o T
e ST g

150°E 180° 150°W120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E

Number of surveys per grid cell (100 km x 100 km)
1 2-5 B0 B 20 B2

Appendix S7. Higher resolution version of Figure 2b: post-whaling era (1980-2012) seasonal line-transect survey
effort (number of surveys per 100km x 100km grid cell) in March-May.
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Appendix S8. Higher resolution version of Figure 2c: post-whaling era (1980-2012) seasonal line-transect survey
effort (number of surveys per 100 km x 100 km grid cell) in June-August.
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Appendix S9. Higher resolution version of Figure 2d: post-whaling era (1980-2012) seasonal line-transect survey
effort (number of surveys per 100 km x 100 km grid cell) in September-November.
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Appendix S10. Higher resolution version of Figure 4a: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal acoustic detections (green indicates at least one fin whale acoustic detection in that grid cell or in
the area containing SOSUS hydrophones) in December-February.
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Appendix S11. Higher resolution version of Figure 4b: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal acoustic detections (green indicates at least one fin whale acoustic detection in that grid cell or in
the area containing SOSUS hydrophones) in March-May.
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Appendix S12. Higher resolution version of Figure 4c: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal acoustic detections (green indicates at least one fin whale acoustic detection in that grid cell or in
the area containing SOSUS hydrophones) in June-August.
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Appendix S13. Higher resolution version of Figure 4d: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal acoustic detections (green indicates at least one fin whale acoustic detection in that grid cell or in
the area containing SOSUS hydrophones) in September-November.
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Appendix S14. Higher resolution version of Figure 5a: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal sightings (red indicates at least one fin whale sighting in that grid cell) in December-February.
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Appendix S15. Higher resolution version of Figure 5b: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal sightings (red indicates at least one fin whale sighting in that grid cell) in March-May.
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Appendix S16. Higher resolution version of Figure 5¢: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal sightings (red indicates at least one fin whale sighting in that grid cell) in June-August.
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Appendix S17. Higher resolution version of Figure 5d: post-whaling era (1980-2012) fin whale (Balaenoptera
physalus) seasonal sightings (red indicates at least one fin whale sighting in that grid cell) in September-November.



Appendix S18. Studies in which fin whales (Balaenoptera physalus) would have been reported if they had been present. Units include kilometers (km), nautical miles
(nm), days (d), and hours (h). Study methods include sightings surveys, acoustic surveys, opportunistic sightings (opp. sightings), specimens, interviews, literature
reviews (review) and whaling records.

Author(s) Year Study Area Study Type Total Effort Survey Dates Latitude
Northeast Atlantic: (approx.)
Notarbartolo di Sciara 1998  southern coast of Morocco sightings survey 750 km 20 Jan.-14 Feb 1996 23°N
Hazevoet and Wenzel 2000 Cape Verde Islands review, opp. sightings Feb.- May 1995, 1996 15°N
Bamy et al. 2010 coastal Guinea, west Africa review 9°N

Weir 2010 Gulf of Guinea to Dem. Rep. Congo review 5°N-5°S
Mediterranean Sea:

Dede et al. 2012 eastern Mediterranean Sea sightings survey 860 nm 11-24 July 2008 35°N
Bearzi et al. 2009 northern Adriatic Sea sightings surveys 114 d 2001 - 2006 45°N
Black Sea:

Notarbartolo di Sciara 2002  Black Sea review 44°N

Dede and Tonay 2010 western Black Sea sightings survey 417nm, 33 h 27 Oct.-2 Nov. 2007 42°N
Southeast Atlantic

Budker and Roux 1968 Cape Lopez, Gabon, West Africa whaling records 1949 - 1959 0.6°N

de Boer 2010 offshore Gabon, west Africa sightings survey 7 Mar.-7 Aug. 2009 0.6°N
Northwest Atlantic:

Diemer et al. 2011 fjords, ne Cumberland Sound, Canada sightings survey 173 km, 20 h 29 July-9 Aug. 2008 65°N
Jefferson and Lynn 1994  Gulf of Mexico and Caribbean Sea sightings survey 193 h 4 June-2 Aug. 1991 10°N-30°N
Yoshida et al. 2010 Eastern Caribbean sightings survey 4210 km 17 Apr.-14 May 2004 12°N-20°N
Smultea et al. 2013 Caribbean, Venezula sightings survey 10007 km 18 Apr.-3 June 2004 10°N-19°N
Smultea et al. 2013 Caribbean, Venezula acoustic survey 7375 km 18 Apr.-3 June 2004 10°N-19°N
Whitt et al. 2011 Cuba, Caribbean review 23°N

Weir et al. 2011 Montserrat, Caribbean acoustic survey 73.3h Dec. 2007 17°N

Weir et al. 2011 Montserrat, Caribbean sightings survey 168.4 h Dec. 2007, May 2010 17°N
Jeremie et al. 2006 Martinique Island, Caribbean sightings survey 1315 km 14 Mar.-Apr. 4 2003 14°N
Caldwell et al. 1971 St Vincent Island, Antilles, Caribbean sightings, specimens 13°N
Romero et al. 2001 Venezula review, interviews 12°N
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Appendix S18 (continued). Studies in which fin whales (Balaenoptera physalus) would have been reported if they had been present. Units include kilometers (km),
nautical miles (nm), days (d), and hours (h). Study methods include sightings surveys, acoustic surveys, opportunistic sightings (opp. sightings), specimens, interviews,

literature reviews (review) and whaling records.

Debrot et al.
Luksenburg

Fraija et al.
Zerbini et al.

Northwest Pacific:
Anonmymous
Ponnampalam

Southwest Pacific:
Lusseau and Slooten
Shimada and Pastene

Indian Ocean:
Minton et al.
Afsal et al.

Small and Small
Ballance et al.
Ballance and Pitman
Clark et al.
Anderson

Kasuya and Wada
Eyre

Kiszka et al.
Kiszka et al.

1998

2011
2009
1997

2010
2012

2002
1995

2010
2008
1991
2001
1998
2012
2005
1991
1995
2006
2007

Appendix S18 References

Leeward Dutch Antilles, Caribbean

Aruba, Caribbean
Colombia, Caribbean
northern Brazil

transit Guam-Wake Island-Oahu
South China, Sulu, Sulawesi Seas

Fiordland coastline, New Zealand
Solomon Islands

coast, Oman, west Indian Ocean
Indian EEZ and contiguous seas
Somali coast, Indian Ocean
Maldive Islands

western Indian Ocean

Maldive Islands

Maldive Islands

southern Indian Ocean

equatorial Indian Ocean

Comoros Arch., west Indian Ocean

Mayotte Island, Comoros Archipelago

review

sightings survey
sightings surveys
review

sightings survey
sightings survey

opp. sightings
sightings survey

sightings surveys
sightings surveys
opp. sightings
sightings survey
sightings survey
sightings survey
opp. sightings
sightings surveys
sightings survey
opp. sightings
sightings surveys

not reported
125 h, 37 km

6160 km, 13 d
2505 km, 127.7 h

daily tours
1041 nm

8840 km, 585 h
5254 h

17313 nm, 2615 h
1700 km, 155 h
9784 km

10915 km, 72 d
535d

9165 nm, 507 h
42d,117h
284 h

April 2010
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19Apr.-May 4 2010
20 June-8 Aug. 2009

1996 - 1999
28 Nov.-11 Dec. 1993

Jan. 2000 - Oct. 2003
Oct. 2003 - Feb. 2007
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March - July 1995

Jan.-March 2003, 2004

Aug. 1990 - June 2002
Oct.- Mar. 1965-1985
27 May-19 July 1993
July - October 2002

July 2004 - August 2005
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11°N
5°N-5°S

10°N-20°N
1°N-8°N

45°S
5°S-12°S

17°N-25°N
5°N-23°N
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